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elomeres are genetic sequences
found at the ends of chromosomes
and are important for preventing
degradation of genetic material. However,
each time a cell divides, the telomeres of
its chromosomes get progressively shorter,
until they become so short that a cell is unable to keep dividing. The cell then instead
undergoes either apoptosis – cell death –
or enters senescence, a state in which a cell
freezes in a certain stage of the cell cycle
and does not divide further.1 There has
been a lot of scientific excitement about
the potential of artificially lengthening the
telomeres of an organism in order to extend their lifespan.
Despite this enthusiasm, aging itself is
still somewhat of a mystery. It remains unclear why some organisms have life spans
of less than a day, while others are able
to live healthy lives for decades on end.
While the length of a specific organism’s
telomeres does not correlate well with its
lifespan, researchers have found a strong
relationship between the rate at which
an organism’s telomeres shorten and
how long it is expected to live.2 Telomere
length generally shortens with increasing age, implying that an organism with
telomeres that resist wearing down due to
normal cell division would live longer. In
fact, humans are actually born with shorter telomeres than mice, but those of mice
shorten 100-fold more rapidly than those
of humans, accounting for our drastically
longer lifespan.
Other research has also hinted at the
possibility that longer telomeres could
increase the lifespan of an organism. Two

behaviors strongly correlated with a longer and healthier life, such as maintaining
a healthy diet and engaging in regular exercise also act to maintain telomere length.
On the other side of the spectrum, lifestyle
factors such as smoking and obesity can
increase the pace of telomere shortening,
leading to illness and/or premature death.1
Thus there is clearly a basis for telomere
researchers to pursue the idea of artificially
lengthening telomeres. However, some in
the scientific community have been wary
of such an approach, citing concern that
this may cause cancer. This is because cancer cells constantly reactivate and renew
their telomeres in order to keep dividing
out of control, which eventually causes the
formation of tumors.
Interestingly, though, the research on
this subject is all but clear cut. For example, individuals born with conditions that
cause them to have shorter than average
chromosomes actually have an increased
risk of many types of cancers, such as
cancers of the bladder or gastrointestinal
tract. Furthermore, it seems that telomere
lengths in cancer cells are actually significantly shorter than in healthy cells.3 How
is this possible, when cancer cells need to
maintain telomere length in order to continue their rapid division?
This is because, while the telomeres of
cancer cells are indeed shorter, they are
better maintained. Cancer cells have higher activity of an enzyme called telomerase,
which maintains telomere length by adding genetic material on to them every time
they are shortened by normal cellular processes such as DNA replication. Therefore,

despite having shorter than normal telomeres, cancer cells can still have sufficiently long telomeres in order to avoid undergoing apoptosis or entering senescence. In
fact, telomerase is abnormally hyperactive
in 90% of human cancer cells. Shorter
telomeres may cause genome instability,
leading to drastic negative cellular events
such as fusion between different chromosomes. Thus, shorter telomeres can lead
to the disruption of genes and thus aberrant cellular signaling that contributes to
the uncontrolled growth and division that
characterizes cancerous cells.
Why then should scientists voice concerns about artificially lengthening telomeres, when it appears that shorter, but
better maintained telomeres are associated
with cancer? After all, we know that longer telomeres are associated with a host of
health benefits, as well as a possible extension in lifespan, so the potential payoffs of
research investigating artificial telomere
elongation could be great. Unfortunately,
it turns out that long telomeres may be a
case of ‘too much of a good thing’.
A growing body of research suggests
that long telomeres are also involved in
disease processes. It was once through
that, “the greater the length of your telomeres, the better”, but it has now come to
light that mutations in a gene called telomerase reverse transcriptase, or TERT,
which is a component of telomerase, confera risk of familial cancer.4 Some other
rarer mutations that increase the activity
of telomerase, thereby maintain telomere
length also confer a risk of hereditary cancer. Therefore it is best to be, as most of
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fits of longer telomeres without any of the
potential risks of an increased telomerase
activity. In fact, it seems like such a trait
reduces the risk of tumor formation, since
longer telomeres are associated with lower
levels of global DNA damage that might
otherwise cause a cell to accumulate mutations and become cancerous. The cells
of these mice with hyper-long telomeres
showed a manyfold decrease in the number of p21 positive cells, where p21 is a
cellular marker of senescence. This means
that these mice had fewer cells that were
arrested at a specific part of the cell cycle
and no longer dividing.
The study described above marks a
breakthrough in our understanding of
telomere activity and aging, since it indicates that long telomeres alone are unlikely to contribute to cancer risk, and yet confer many other health benefits. Naturally,
scientists have already started to consider
how to take this research further. After this
landmark discovery, some scientists are already looking at the prospects of moving
this research to human subjects. However,
since it is not feasible to adjust telomere
length in human zygotes, and the ethicality of doing so is dubious at best, some have
been looking at manipulating telomeres in
a different way.
A molecular biology researcher by the
name of William Andrews first discovered
the RNA and protein components of human telomerase. He has since created a
company with the name Sierra Sciences,
with the evocative tagline “Cure Aging or
Die Trying” and the mission statement of
harnessing telomere biology, extending

human lifespan and ultimately ‘curing’
aging. From ancient mythology centered
around the ‘Fountain of Youth’ or ‘Elixir
of Life’, humanity has always had a fascination with stopping - or even reversing the inevitable degeneration of our bodies
and minds. It is therefore not surprising
that Andrews, and his company, have garnered supporters that believe increasing
telomerase activity would prevent cellular aging and confer lasting health and
youthful vitality. While this company has
discovered some compounds that increase
telomerase activity to a limited degree, this
evidence comes from in-vitro data – experiments done with cell cultures, not with
a living organism. Much more research is
needed to either condemn or support the
idea of modulating telomerase activity in
a living organism to extend lifespan and
healthspan without risking cancer.
However scientists plan to do it, whether through generating longer telomeres in
humans, or by taking the more dubious
route of increasing telomerase, it might
seem like translation from cell based models to humans is on the horizon, especially
taking into account the scientific zeal for
extending lifespan. Despite the fact that
most people would likely be happy to take
a few extra years of youthful life if it was
offered to them, some societal concerns
are raised by widespread use of lifespan-extension techniques.
The most obvious concern associated
with a longer lifespan for everyone, assuming generating hyper-long telomeres
is viable and effective, is overpopulation.
The mice with hyper-long telomeres had

a 12.75% increase in median lifespan and
an 8.4% increase in maximum lifespan,
which would correspond to an average
global medial lifespan increase of over 9
years, as well as an undefined increase in
our maximum lifespan. Such a significant
increase in the amount of people surviving
into extreme old age might raise concerns
about overpopulation and social security
programs that provide for the welfare of
citizens after they reach retirement age.
Research shows that overpopulation
might not be as drastic a problem as one
might anticipate, providing that we improve our resource management. After all, the average life expectancy in the
United States was only 47.3 years in 1900,
and, with the advent of medical technology such as vaccinations and antibiotics,
has soared to 78.5 years today. Despite
this causing an increase in population,
birthrates have also slowed rapidly in all
well-developed countries, with stable or
declining population size already having
been reached in countries such as Japan
and Denmark. Furthermore, while humanity’s resource management strategies have lead to untold environmental
damage and a dangerous dependence on
nonrenewable sources of energy, agricultural and energy-generation technologies
promise significant mitigation of these
harms. Certainly, by the time we are able
to radically extend our lifespans by expertly manipulating certain cellular processes,
one can hope that the technology for sustainability will have developed to handle
the additional burden.
Another point to consider is the quality
of those additional 9 years we might hope
to gain, if the effect of extending our telomeres is similar as in mice. Is it possible
that we might, like the experimental mice,
be less likely to get diseases such as cancer,
but still be as susceptible to chronic diseases such as diabetes, cardiovascular disease,
or a litany of neurodegenerative disorders
such as Alzheimer’s? Then we could be
faced with spending more years with a significantly reduced quality of life, perhaps
not being able to enjoy the additional time
to its fullest extent. Many people say that
they would be perfectly fine to not have a
single day added to their lifespan as a re-

sult of a medical or lifestyle intervention, if
only they will be healthy and zestful until
that time. Thus, telomere manipulations or any other life-extending intervention can only be regarded as truly useful if they
can also increase our healthspan, the years
of healthy life we can expect to have.
Clearly, there is much more to learn before we think of moving telomere research
to humans, both in terms of the biological
effects this would have, but also with regards to the potential ethical and societal
ramifications. A good first step would be
repeating the experiment in which mice
with hyper-long telomeres were generated, so that we can make sure these animals displayed a later onset of many of the
chronic diseases that already plague our
society, at least proportional to their extended lifespans. Beyond that, we need to
investigate what we might ultimately want
from such research as a society - is it justified to invest millions of dollars into such
research that will, for a long time to come,
benefit only the most affluent, while millions die prematurely from starvation or
easily preventable disease? These are not
easy questions to answer, but with this new
research, we can aim to make life extending interventions more accessible to all.
Works Cited:
[1] Shammas, M.A. Curr Opin Clin Nutr
Metab Care. 2011, 14(1), 28-34
[2] Whittemore et al. Proceedings of the
National Academy of Sciences. 2019,
116(30), 15122-15127.
[3] Chin et al. Cell (Cambridge). 1999,
97(4), 527-538.
[4] McNally et al. The Journal of Clinical
Investigation. 2019, 130(9), 34743481. [5] Blasco, A. et al. Nature Communications. 2019, 10, 578119-123.

Source: Mika Suzuki , Flickr

DESPITE THE
FACT THAT MOST
PEOPLE WOULD
LIKELY BE HAPPY
TO TAKE A FEW
EXTRA YEARS
OF YOUTHFUL
LIFE IF IT WAS
OFFERED TO THEM,
SOME SOCIETAL
CONCERNS
ARE RAISED BY
WIDESPREAD USE

Source: National Institutes of Health

us are, squarely in the middle of possible average lengths when it comes to telomere length.
The practical relevance of this research
was put to the test when scientists recently
published a paper in in Nature Communications, where they described having
generated mouse embryonic stem cells
that have longer than normal telomeres.5
This is a crucial point - instead of artificially maintaining telomere length by way of
upregulating telomerase in an adult organism, they created an organism with longer telomeres from birth, but who would
experience the normal rate of telomere
shortening. Avoiding adjustments to telomere maintenance was likely an important
factor in the striking success of this experiment, since it avoided giving potential
cancer cells a way to self-replicate indefinitely.
Indeed, in addition to having a longer
lifespan, these mice actually had a lower
than average incidence of cancer. These
mice, who had longer telomeres in all of
their cells, also grew up to be leaner than
age-matched control mice, and showed
improved levels of metabolites such as
the high-density lipoprotein (HDL) and
low-density liprotein (LDL) forms of cholesterol. These mice, who had a normal
level of telomerase expression, nevertheless had hyper-long telomeres throughout
their lives due to starting off with longer
telomeres. Thus they reaped all the bene-
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The Language of Plants
emma mackenzie

trees, this induced damage caused the plants to release chemicals that would deter insects from feeding on them.
Again, these same chemicals were secreted by nearby, undamaged plants, suggesting that the chemical distress
signals from their neighbors had caused these plants to also prepare their defense systems.3 The beautiful similarity
of these two experimental results laid the groundwork for the study of plant communication to take off.

Plant Communication at a Molecular Level
What does it mean for a species to be able to communicate?

Humans use language, and most people have some understanding that different animal species—like chimpanzees,
birds, and fish—can communicate with each other as well through unique patterns of visual, auditory, and/or chemical signals.1 But what about… plants? Fifty years ago, the idea that plants could communicate with each other would
be dismissed as absurd, but research is evermore showing that plants can and do speak to each other through patterns of chemical signals. Even more remarkably, plants can communicate to other species, such as insects, in order
to recruit them for pollination or protection against enemy insect herbivores. This new field of biological research is
making great strides in understanding not only the relationships that exist between plants and other species, but also
how these interactions redefine our definition of communication and the complexity of plant species as a whole.

Initial Experiments of the Phenomenon

The serious study of plant communication really began in 1983, when two separate experiments provided initial
proof for the phenomenon. In the first study, David Rhoades at the University of Seattle investigated the relationships between Sitka willow trees (Salix sitchensis) being attacked by webworm caterpillars (Hyphantria Cunea).
It had been previously shown that when plants are under attack (read: being eaten) by insect herbivores, they can
decrease the nutritional quality or palatability of their leaves, causing the insects to grow more slowly and/or become
repelled by the plant.2 In his experiment, Rhoades placed the webworm larvae on an initial group of Sitka Willows
to simulate the trees’ attack response. He then removed the larvae and split them into different groups, feeding them
leaves from willows that had been attacked versus those that had not been attacked. Larvae who were fed leaves from
willows with the attack response grew slower, as expected.2
Amazingly, however, larvae fed leaves from the willows who had not been attacked by webworms, but were physically closest to the attacked willows also grew more slowly than willows who were located further away.2 This suggested that somehow, the attacked willows had released some signal that encouraged their neighbors to increase their
defensive responses and secrete the chemicals that would protect their leaves. Digging up the willow roots revealed
that none of them were touching, which suggested the signals had been sent chemically through the air from the
attacked trees to the rest of the grove. The hypothesis was further supported by an experiment performed later that
same year by Ian Baldwin and Jack Shultz at Dartmouth. In a controlled environment, the researchers damaged an
experimental group of poplar and maple seedlings by ripping a small number of their leaves in two.3 Like the willow
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How does this plant communication actually work at the molecular level? When a plant’s leaves are damaged,
electrical pathways that travel along the whole plant are activated.4 This is incredibly similar to the human nervous
system—when we burn our fingers, the pain signals get sent to our brains so we know to move our hand away
from the flame. Although plants don’t have brains, something about this signal activates the transcription of
specific genes in the plant which code for the chemical compounds used in that plant’s danger response system.
There are dozens of different chemicals that could be emitted depending on the species of plant, but scientists often
group them all under the phrase “volatile organic compounds” (VOCs). Plants don’t need to be in extreme danger
to produce VOCs; even the act of touching a plant leaf can activate the production of these chemicals.
These compounds diffuse through the cell walls, into the air around the plant. Not all of these chemical emissions
can be detected by humans, but some can; a widespread example is the smell of mowed grass, created by chemicals
released as the grass blades get cut in half.4 As these
chemical particles move through the air, some of them
reach the leaves of neighboring plants. When these
neighboring leaves detect the compounds, it triggers a
mirroring effect, activating that plant’s VOC-production genes. This process typically happens within minutes,5 though it can be faster or slower depending on
the particular species of plant. The exact mechanism
of how plants physiologically and/or chemically detect
their neighbors’ emitted VOCs is still unknown,5 but
research is currently underway to study this phenomenon.

Plant-Insect Communication

The existence of mutually beneficial relationships between plants and insects has been studied extensively.
For example, it is well documented how Yucca trees in
Africa provide wood for ants to nest in as well as nectar for consumption, in exchange for the ant colony’s
protection against other herbivores.6 These codependent physical relationships have been observed between hundreds of plant and insect species around the
world, proving the evolutionary importance of such

Figure 1: A diagram of a flowering plant and the different chemical interactions it has within the ecosystem.
Note in particular the plant-plant communication (e),
as well as the three instances of plant-insect communication (a, b, and f).7
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mutualisms. However, much less understood is the role that chemical signaling and communication plays in these
symbiotic interactions. New research is revealing that some plants may be using chemical signaling to “speak”
with insects in the same way they communicate with other plants in their area. One fairly intuitive occurrence is
the emission of sex pheromones from flowers to attract pollinators. Plants produce highly specific chemicals that
mimic the sexual pheromones of a particular insect species, ensuring that the plant will be visited and fertilized.
For example, certain species of Australian orchids release the same chemicals as female bees, attracting male bees
to land on them and pollinate the orchid.7
There is also strong evidence to suggest that plants can emit pheromones to recruit insect predators for protective
purposes, such as protecting the plant from being eaten. For example, one study showed that when corn seedlings
(Zea mays L.) came into contact with the chemical secretions of beet armyworm caterpillars (Spodoptera exigua),
the plants released a VOC called Volicitin.8 This chemical attracts the presence of Cotesia wasps (Cotesia congregata), the natural enemy of beet armyworm caterpillars.8 Although this particular experiment was only conducted in
a lab, in a natural environment the wasps would fly to the corn seedlings and eat the caterpillars of its leaves, thereby protecting the plants from being consumed themselves. It’s as though the plants emit a military signal to recruit
an insect army for their protection! Like the pollinator signals, these recruitment VOCs are also highly attuned to
match with a specific insect predator species. Some plants can even match their VOC emissions with more than
one insect species, able to differentiate based on the particular situation (Figure 1).7 Evolutionary biology research
has theorized that plants likely evolved these chemical emissions to match pre-existing insect signals, rather than
the other way around.9

GROWING YOUR OWN ORGANS:
THE FUTURE OF DISEASE MODELING & PRECISION MEDICINE
Afiya Quryshi

Plant communication has not always been accepted as scientific truth. After the initial publication of both 1983
papers, the field actually went stagnant for many years due to lack of acceptance by the scientific community.
Aside from the radical aspects of the idea, researchers have had difficulty proving what the evolutionary benefits of
plant-plant communication might be. Why would a plant spend energy creating VOCs to warn its neighbors while
it itself is under attack? Selfless behavior is typically not seen in nature, so some scholars have suggested that rather
than directly communicating, nearby plants have evolved these “eavesdropping” methods to benefit their own survival.10 Regardless, it seems clear that the interactions between plants and insects are evolutionarily beneficial, as
evidenced by the direct protection afforded to the plant. This proves that plant communication through chemical
signaling is real, we just need to study it more closely to understand the exact processes taking place.
Understanding the phenomenon of VOCs and how they relate to plant communication has huge implications for
the field of biology. Aside from being extremely interesting in its own right, plant communication has a practical
application in agriculture. If we were able to genetically modify crops to increase their chemical signalling, we
might be able to protect them from pests without the use of pesticides; this would allow us to keep the ecosystem
more balanced while also advancing agricultural yield to feed our growing population. Additionally, the existence
of plant communication through VOCs has completely changed and expanded our definition of communication
and language. This new field of biology is rapidly reshaping the way we view plants and their connection to all
other species on this planet we call home.
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Controversies and Conclusion

favorable environment, they are able
to advance in their development in a
Imagine… you, a patient, enter
similar manner as they would in vivo,
your doctor’s office complaining of a sudor inside the body. Outside the body (in
den burst of pain emanating from your
vitro), stem cells are still able to orgaabdomen. Your doctor runs through
nize into 3-dimensional cultures that
their standard protocol: questions about
resemble internal organs.
symptoms, a physical exNow called organoids, these
amination, and maybe even
You think to yourself if only there was cultures may exhibit a combiblood work, a stool culture,
nation of different cell types
or a CT scan. Yet, at the end
a
way
to
take
my
intestines
out
of
my
when induced with specific
of the visit, no conclusion is
differentiation factors to
reached. Your doctor is perbody
and
examine
them
from
an
outinduce a range of phenotypes.
plexed, your pain is exponenStem cells follow an internal
tially worse and neither of you
side perspective.
genetic code and can differhave a single idea of what conentiate past simply one cell
Enter organoids.
sequent steps should be taken.
type. Organs in the body are
You think to yourself if only there
composed of a diverse range
was a way to take my intestines
beta
cells,
and
anything
in
between.
of
cells
organized
in complex superout of my body and examine them from an
After
differentiation,
these
cells
are
then
structures,
and
lab-grown
organoids are
outside perspective. Enter organoids.
able
to
grow
and
multiply
normally.
capable
of
mimicking
these
qualities.2
Organoids are essentially just
what the name suggests: small organ-like Induced pluripotent stem cells are cells
reprogrammed from somatic/body cells
ORGANOIDS IN COMPARISON
structures. To understand organoids, we
to retain naturally occurring stem cell
Human cell lines have been
must first take a look at pluripotent stem
characteristics.1
one of the primary modes of generating
cells. Pluripotent stem cells are cells that
Researchers have found that
human tissue in the laboratory setting.
possess the ability to transform into any
when
stem
cells are placed into a specific iPSCs, or induced pluripotent stem cells,
type of cell in the body. When harvested

AN INTRODUCTION

from the body and introduced to the
right conditions in a dish, stem cells can
be reprogrammed to a pluripotent state.
From there, they can be differentiated
into any of about 200 cell fates, ranging
from cardiac muscle cells to pancreatic
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“Brain Organoid” Source: National Institutes of Health
the tissue sample needed is in a
difficult spot or not ideal accessibility anatomically speaking,
or there may simply be ethical
concerns involved in finding a
specific human disease sample
needed. Organoids come to the
rescue as they can be enlarged
from the smallest tissue samples
to produce more than enough
diseased samples to be used in a
variety of research applications.4
One prime example of these
“patient derived” organoids are
cancer organoids. Research has
shown that when organoids are
cultured from cancerous cells,
these now “tumor organoids”
maintain the same molecular
fingerprinting as the tumors inside the patient’s body, as well as
the same rate of differentiation.
Other diseases outside of cancer
have been successfully modeled
in organoids. For example, cystic
fibrosis is a disease where cells
in the airway fill with mucus and
digestive fluid, causing a risk of respiratory failure. When organoids were deare cells commonly used in research. In
the original organoids. Lastly, organoids rived from patients with cystic fibrosis,
the organoids did not properly secrete
the past, iPSCs were primarily used to
are self-renewing and can be preserved
generate one cell type in a 2-dimension- for an indefinite amount of time and still fluid, indicating the patients’ genotype
was preserved in the organoid model.
al culture. These cell line cultures are
be used in research without disturbing
This study supports the efficiency of
similar to organoids in the way that both genetic makeup.6
organoids in creating the most
models have the ability to
accurate human tissue model to
establish and develop human
“We can see changes in the orbe used in research.
tissues; however, there are
In addition to patient derived
several important distinctions
ganoids within seven days that
organoids as disease models,
between organoids and 2D
specific genes can be targeted
cell cultures.5
can take months to see in mice
in organoids by CRISPR-Cas9
Human cell line
cultures are unable to model
and even longer, probably years, editing procedures to create a
disease phenotype. Genes can be
3-dimensional cellular orin patients”7.
singled out and knocked out of
ganization in the same way
the organoid genome, or genes
that organoids can, which
can be knocked back in to be
limits their ability to mirror
expressed in the organoid, depending
phenomena occurring in vivo. On the
A MODEL SYSTEM
on what is needed to model a certain
other hand, organoids retain three main
Think back to the first paradisease. Thus, disease models can be
characteristics that 2D cell lines do not
graph, when you were a patient with
established “from scratch” further
have. Organoids are self-organizing,
what seemed to be a rare condition.
simplifying complicated characteristics
leading to multiple cell types and strucThanks to the optimization of organoid
of a disease solely into genotype and
tures interacting with each other, with
growth from normal tissue, scientists
phenotype traits.
cell-cell signaling, mimicking in vivo
are also able to expand organoids from
organ structures to a higher and more
diseased human tissue. If a disease is unHARVARD RESEARCH
accurate degree. They are genomically
common, there is limited availability of
Organoid research is happenstable, which means that as the organhuman samples that may be employed in
ing
right
here at Harvard, specifically at
oids continue to develop and multiply,
research. Patients with a certain disease
the Stem Cell Institute (HSCI). Most reeach newly formed generation of organ- may not want to contribute to a study,
cently, HSCI researchers, headed by Dr.
oids retains the same genetic makeup as
10

Karla Kim, Ph.D., developed organoids
derived from lung tissue to identify and
analyze a type of lung tumor not much
is known about. Moreover, the early
stage molecular processes transforming normal cells into cancerous lung
cells has not been clearly defined. In
the study, organoids were first cultured
up from mouse lung cells and human
induced pluripotent stem cells. Then, a
mutation called KRAS was established
in the organoids which initiates cancer
in lung cells. Through RNA sequencing,
the researchers were able to grasp which
genes were expressed in the organoids,
and at what time points. Kim stated,
“We can see changes in the organoids
within seven days that can take months
to see in mice and even longer, probably
years, in patients”7. In the organoids,
genes involved in mature cells were
diminished but genes that marked early
development increased in expression.
Similar findings were constant throughout both mice studies and patient
samples. The HSCI researchers plan to
use their organoids for future testing of
candidate drugs.
In another recent HSCI study,
Professor Karl Koehler’s lab has been
working to improve upon skin organoids. Researchers realized the two layers
of the skin, the dermis and epidermis,
were interacting with each other in
the cultured organoids. Due to this

This leads to a bright future of personalized and
precision medicine, as
depending on a patient’s
organoids, they will receive the most effective
drugs solely based on
their genetics

signaling between the two skin layers,
hair follicles were seen to bud from the
organoids at day 70. This developmental
path matched perfectly with hair follicle
budding in humans. Furthermore, the
organoids expressed fat, muscle-like
cells, nerves, and Merkel cells which are
touch-responsive. Jiyoon Lee, a research
associate in Koehler’s lab stated, “The inclusion of these other cell types expands
the potential uses of the skin organoid
model to research on sensory disorders
and cancer.”8 To test the organoids, the
researchers implanted them onto mice
and observed that hairs indeed grew. As
for future steps, this could be a potential
solution for baldness if patient derived
skin organoids are able to generate effectively, or if the organoids made “from
scratch” can resist immune detection.

THE FUTURE OF ORGANOIDS

Organoids are a new form of
stem cell technology allowing researchers to produce more accurate models of
disease than ever seen before. Organoids are able to mimic complex organ
structures and combinations of cell
types accurately and efficiently. Disease abnormalities and mutations are
being characterized, and along the way,
researchers are getting a better sense of
how normal cells develop into diseased
cells. For example, researchers at the
HSCI are looking
at autism by analyzing anomalies in gene
regulation and cell proliferation by using
brain organoids.3 The brain organoids
are also being utilized to study early
brain development, a process which still
baffles scientists.
Since organoids can be derived
from individual patients and multiply
indefinitely, they can subsequently
be used for specific drug screenings
without implications to the patient. This
leads to a bright future of personalized
and precision medicine, as depending
on a patient’s organoids, they will receive
the most effective drugs solely based on
their genetics and their genetics only;
not by a general drug treatment used for
every patient. Furthermore, researchers
are looking at transplanting organoids in
humans to cure certain diseases that are
characterized by a loss of a specific cell
type. Take Type 1 diabetes, for example:
organoids can be tailored to produce insulin, and when introduced into a host,

these new cells would be able to regulate one’s blood sugar to normal levels.3
Encapsulation devices will be used to
protect the organoids from the tendencies of the body’s immune system.
In the coming years, organoids will be at the forefront of clinical
research and use. Organoid technology
is also crucial to the discovery of new
drugs. For drugs to be created, a variety
of molecules and substances need to be
tested with cells. These cells are usually
animal models and typical cell lines, not
actual cells portraying the disease the
drug is aimed towards solving. Thus,
with organoids, drug testing will be exponentially more effective and efficient.
Patients will have personal treatment
regimens and new drugs will be on the
market all due to organoids permitting
research to occur on a larger, more productive scale.
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AN INTRODUCTION TO

Cancer Gene Therapy

Maddy Kidd
Cancer is one of the leading causes of
death in America, and as lifespans continue to increase, cancer will only become
more prevalent as cells have more time to
accumulate random mistakes in DNA, necessitating more innovative and strategic
solutions. To this end, there are thousands
of labs around the world taking every possible approach to develop new treatments,
and one of the most promising is cancer
gene therapy. The main allure of gene therapy is its specificity. Most current cancer
drugs are simply good at killing cells that
replicate quickly. Gene therapy, on the
other hand, is more specific, using a DNA
sequence or receptor unique to cancer
cells as a target. If scientists can overcome
all of the issues and perfect a gene therapy
system, it would offer the possibility of a
true cure to cancer in ways that techniques
like chemotherapy or radiation could never achieve. While the world is still far off
from this dream, research into every manner of gene therapy is happening right now
and CAR T-cell therapy is already breaking down borders between curable and incurable cancers.
Cancer gene therapy actually encompases a broad range of techniques that use
some form of genetic engineering to kill
cancer cells or stop them from spreading.
There are generally two directions a gene
therapy for cancer can take: either directly
editing/suppressing genes in cancer, or genetically engineering other vectors to target and kill cancer cells. Within these two
categories there is even further specialization. Four of the most researched approaches are gene transfer, RNA silencing,
engineered viruses, and immunotherapy.1

Direct Gene Manipulation
Gene transfer is perhaps the most intuitive model of cancer gene therapy. In
this method, the cancer’s genome is directly edited through the insertion of a new
gene. Often this gene makes the cancer
cells express a protein that activates a secondary drug, allowing that drug to specif12

ically kill the cancer cells and not healthy
tissues (which is a large issue with more
traditional treatments like chemotherapy
or radiation).2 An inserted gene could also
work to handicap cancer cells to keep the
tumor from growing and spreading, giving
more time for other treatments to work.1
While this approach is promising, there
are a few key limitations in the system, the
largest of which is the delivery of the editing agent and new gene to all of the cells.2
Technologies like CRISPR can easily make
most desired edits once they are in the cell,
but both the molecular machinery of these
tools and the DNA that is to be added are
very large on a cellular scale.3 Thus vectors,

If scientists can overcome all of the
issues and perfect a gene therapy
system, it would offer the possibility
of a true cure to cancer in ways that
techniques like chemotherapy or
radiation could never achieve.
or transportation systems, are needed to
chaperone the therapy’s components into
the cells, though there is currently no ideal
vector that does so perfectly. Viral vectors
have the greatest efficacy, but because our
bodies are the products of millions of years
of evolution to keep viruses out, they can
often trigger an immune response that
is harmful to the patient or that destroys
the viral vectors.2 Alternate vectors like
nanoparticles could solve this problem,
but more research still needs to be done
on gene transfer therapies to optimize this
technique.
The next category, RNA silencing, is
similar to gene transfer, but instead of
inserting a new gene, RNA is used to indirectly silence expression of oncogenes,
which cause cancer. RNA interference
(RNAi) is a natural mechanism used by
cells to regulate gene expression by degrading mRNA before it can be translated
into protein, so even though the gene is active, it has no effect on the cell.4 Researchers have learned to exploit this system by
introducing small RNA strands similar to

the ones used by the cell that target mRNA
for degradation, and thus have the ability
to “turn off ” genes of their choice.4 Since
the introduced RNA only targets mRNA of
the same sequence, this technique is highly specific because only the cancer-forming genes are affected and there is little risk
of harming healthy cells, in contrast with
the more substantial risk of gene transfer
insertion into the wrong cells.4 That being said, the major limit of this system is
once again delivery to the cells, especially
because the introduced RNA molecules
are quickly filtered out of the blood by the
liver.4 This quirk of RNAi actually creates
a tremendous potential for use on liver
cancers, which is a major area of research
right now. Research into other target areas
is ongoing though, and the potential of
RNA silencing is still incredibly high.

Engineered Vectors

Oncolytic viruses, which are engineered to specifically infect and kill cancer cells, are particularly potent because
they also recruit the immune system to
work with them.5 All scientists have to
do is engineer the viruses to target cancer cells while leaving healthy cells alone,
and then their virus does what all viruses do: harm the host cell.5 In addition to
the harm the virus causes the cancer cells,
the therapy also alerts the patient’s immune system, which begins to attack the
cancer.5 Researchers aren’t fully sure as to
how this occurs, but most concur that this
additional effect is not only an important
aspect of current approaches, but also that
it provides a great opportunity to combine
efforts with immunotherapy techniques.5
The largest issue with this system is that
most laboratory viruses are common
enough that a majority of human patients
will already have antibodies for them, and
thus the virus would be destroyed by the
immune system before it can have any effect.1 Researchers are finding alternative
viruses and are working around the issue
though. In fact, there is already one FDA
approved oncolytic virus treatment, and

many more in the pipeline.5

Immunotherapy
Perhaps the most promising type of
gene therapy for cancer is immunotherapy where scientists amplify or alert the
patient’s own immune system, which then
attacks the cancer. One example of this is
cancer vaccines, which trick the immune
system into attacking cancer cells by taking a small amount of cells from the tumor,
modifying them with genes the immune
system is more likely to recognize, and reintroducing them to the body.1 These reintroduced cells are quickly destroyed by

the immune system, which
then goes on to target the
other cancer cells due to
their similarity.1 There are
many types of immunotherapies that follow this
process, and they all have
Prepared CAR T-Cells ready for infusion into a patient (NCI)
promising implications, but
synthetic receptors targeted to perfectly
by far the most developed
match with the antigens on cancer cells.6
one is Adoptive Cell Transfer (ACT) therT-cells are a type of white blood cell and
apy, which enhances the white blood cells'
are often called killer T-cells due to their
6
ability to fight cancer.
ability to destroy other cells, making them
CAR T-cell therapy is currently the
a perfect starting point for a cancer thermost advanced and used method of ACT.
apy.8 Scientists extract a patient's own
It works by engineering T-cells to have
T-cells from their blood and engineer
them in a lab to produce a chimeric antigen
receptor (CAR) on their surface, which is
completely synthetic and not found in nature.6,9 This receptor is designed to bind to
antigens on a cancer cell, acting as a guide
for the T-cell, which can then perform its
normal duties and kill the cancer cell it
has bound to. This therapy was first used
in children with ALL—a type of leukemia
that is the leading cause of death from
childhood cancer—who had exhausted all
other treatment options. With CAR T-cell
therapy, the vast majority of these patients
went into a complete remission that lasted, which was practically unheard of for
children whom traditional therapies didn’t
work for.6 From there, CAR T-cell therapy continued to work in larger and more
varied trials. To date there are three FDA
approved CAR T-cell therapies, all for leukemia or lymphoma, and many more in
development.6
As with all cancer treatments, CAR
T-cell therapy comes with its risks. The
most common is a condition called Cytokine Release Syndrome (CRS), which
causes an overactive immune system leading to high fevers and possible drops in
blood pressure.6 It would be hard to design
the therapy to avoid this side effect, as CRS
is caused by a spike in immune signaling
molecules in the blood, which actually signals that the CAR T-cells are active.6 Luck

How CAR T-cells are produced (National Cancer Institute)
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ily, CRS can usually be managed through
the use of steroids and additional methods.6
Another consequence of CAR T-cell therapy is the significant decrease of B-cells (another type of white blood cell) in the blood,
since B-cells also express the antigens that
CAR targets.6 And so again, this side effect
would be hard to stop because in a way, it
means the therapy is working. The other
reported issue from trials is swelling in the
brain.6 It is much more rare, with some trials reporting no cases at all, but it can be
fatal so it is an important thing to look for
as more and larger trials are conducted.6
While these side effects are very serious,
they are less continuous than typical symptoms from a treatment like chemotherapy
and tend not to impact the quality of life of
the patient as much.
Because gene therapy is typically only
used after other options have been tried,
there are no studies directly comparing
gene therapy drugs’ efficacy to that of more
traditional drugs. However, cost comparisons between the two are possible. For instance, gene therapy is much more costly;
the three approved CAR T-cell therapies
cost about $400,000, while on an average
treatment run of cancer costs $150,000.10-11
This difference is furthered by the fact that
the $400,000 figure only includes the drug
cost and not other aspects of treatment like
tests and scans. Yet a direct comparison is
not perfectly representative; many patients
undergoing chemotherapy or surgery receive multiple rounds of treatment for years
on end. Many forms of gene therapy, if successful, would only be a one-time treatment.10,12 That being said, gene therapy is
incredibly expensive. In fact, it is the highest priced cancer drug on the market, and
cost is a huge barrier to patients actually being able to benefit from new discoveries.12
There is good news, however. Both private
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insurance companies and Medicare are
covering CAR T-cell therapy, so most patients who have coverage probably wouldn’t
actually pay more for gene therapy than
traditional cancer treatment because both
costs would be above their deductible.8,10 So
at least for individuals with insurance, the
financial barrier to receiving gene therapy
shouldn’t be much higher than that for other cancer treatments.

The Future of the Field
The field of genetics, and especially genetic engineering, has thus far advanced
at an incredibly quick pace, and there is
no indication it won’t continue to do so.
Therefore, one of the most exciting things
about gene therapy is everything that has
yet to be discovered but that could be right
around the corner. In just a few years, there
could be new categories and approaches all
together, not even to mention the advancements of the current methods. The pace
of advancement is perhaps only beaten by
the rate at which technologies in this field
become more accessible; in 2001 it cost 2.7
billion dollars to fully sequence the human
genome for the first time, but 13 years later that cost was already down to only 1000
dollars.13 And so as one looks to the future,
not only should one expect rapid advances
in this field, but also rapid advances in how
to make this technology more accessible
and practical.
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Flickering

light of hope
for Alzheimer’s Disease
Alexander (Sasha) Frank
In a dimly lit room within the Boston Center for Memory
in Newton, Massachusetts, an elderly man leans back in his
chair and stares at a flickering screen in front of him. He’s
been coming here for an hour each day for almost 6 months,
but it’s not to watch TV — in fact, there’s no TV in the room.
The device in front of him is called a GammaSense Stimulation System, a clinical prototype that harnesses recent
insights into brain oscillations to entrain beneficial brain
waves in patients.1 The study leaders hope that by using the
device daily, participants will be able to slow down, or even
reverse, the cognitive impairments associated with Alzheimer’s Disease.

Alzhemier’s Disease:
Essential Background

Most people know someone who has the degenerative brain
disorder known as Alzheimer’s Disease (AD); as the leading
cause of dementia, it affects 5.8 million Americans and over
24 million people globally.2, 3 Understanding how the disease
arises remains much more elusive. The brain pathology is
characterized by the accumulation of two neurotoxic protein
fragments, amyloid-beta (Aß) and hyperphosphorylated
tau, which result in neuronal death and a decrease in the
neurotransmitter acetylcholine.4 The upstream cause of this
dysfunction, however, is unknown. Unlike the rarer form
of AD known as Early Onset Alzheimer’s Disease (EOAD),
which is caused by highly-penetrant mutations in the genes
that encode or directly process Amyloid Precursor Protein,
the more common form of AD occurs later in life, and is not
directly determined by genetics.4 The cause of this late-onset form of Alzheimer’s disease is still very much an open

question in neuroscience, which is part of what makes it so
difficult to develop a successful therapy for AD.

The cause of this late-onset form
of Alzheimer’s disease is still very
much an open question in neuroscience, which is part of what
makes it so difficult to develop a
successful therapy for AD.
It has been over 15 years since the FDA approved a drug
to help treat AD, although this is not for a lack of trying.5
Pharmaceutical companies first attempted to target Aß with
an antibody treatment, but the Phase III trial for this therapy
was unsuccessful, indicating that the intervention was either
too little or too late.7 Another large-scale Phase III trial has
attempted to use an antibody to inhibit the enzyme BACE1,
which creates the neurotoxic Aß fragment by cleaving Amyloid Precursor Protein. This approach met a demise similar
to the antibody targeting Aß plaques, however, and resulted
in the pharmaceutical powerhouse Pfizer eventually shuttering its entire neuroscience division.7
Part of the problem was that patients were only being diagnosed with Alzheimer’s Disease after they already had mild
cognitive impairment. There are several theories for how Aß
causes neurotoxicity: after Aß fragments self-aggregate to
form oligomers, they may disrupt the structures of neuronal
synapses, cause cellular stress responses, or alter the structure
of Tau. Regardless of the mechanism involved, if Aß plaques
cause an irreversible downstream cascade of neurotoxic ef15

fects, then it would be most important to target it during the
prodromal (or “symptomless”) phase. This, however, would
be difficult or impossible for an antibody-based therapy to
achieve due to cost. Monoclonal antibodies are very expensive to produce, with an average per-year treatment price of
nearly $100,000.8 It would be financially infeasible to supply
antibody doses to many healthy people over long periods of
time. The healthcare industry therefore continues to search
for a new approach to treat Alzheimer’s Disease that could
ideally be administered to patients before they even develop
cognitive symptoms.

Brain Waves

Such a breakthrough arose in 2016, in the laboratory of Dr.
Li-Huei Tsai, director of MIT’s Picower Institute for Learning and Memory. The research team had been looking at
brain oscillations in healthy people as compared to people
who have Alzheimer’s Disease. Brain oscillations, or waves,
are defined as “rhythmic fluctuations in local field potentials”, and different oscillation frequencies have been associated with different levels of consciousness.7 The researchers
found that AD patients have a decreased level of oscillations
at frequencies around 40 Hz, or 40 waves per second.9, 10 This
wave frequency falls into a category called gamma oscilla-

Characteristics of a brain severely affected by Alzheimer’s Disease
(Source: Wikimedia Commons)

tions, ranging from 25 to 100 Hz, which have been shown to
be associated with memory and consciousness.9, 10
Next, the researchers sought to stimulate 40 Hz brain waves
in mice that were bred to exhibit Alzheimer’s pathology.
They were successful in entraining these oscillations through
non-invasive sensory inputs: that is, by oscillating a light,
sound, or even smell at 40 times per second in front of the
mouse. Since sensory perception is transmitted to the brain,
such sensory stimulations outside the body could result in
corresponding oscillations within the brain of the animal
perceiving them. With each of these inputs, the researchers
were able to increase the intensity of 40 Hz oscillations in the
mouse brains to levels comparable to healthy mice.9, 10
Importantly, they found that this improved the cognition
of the mice, which suggested that the depletion of 40 Hz
oscillations in AD patients could potentially be restored
therapeutically. The researchers were able to quantify this
effect in mice by looking at how long it took them to solve
memory-related activities like navigating a maze. Dissection
of the mice following the intervention also suggested a causal mechanism of action: the researchers observed that the 40
Hz oscillations were causing the microglia (the immune cells
of the brain) to become activated, which led them to begin
consuming the Aß plaques in the brains of the treated mice.

Private Partnership

As with every new therapy, the most important step to
translating this insight from the lab bench to the clinic is to
make sure the results in animal models can be replicated in
humans. To this end, Dr. Tsai has partnered with her Picower
Institute colleague Dr. Ed Boyden, Professor of Biological
Engineering and Brain and Cognitive Sciences, to found a
private company called Cognito Therapeutics. With Series
A funding from the Hong-Kong based Morningside Group,
they have begun the lengthy process of validating their results
in humans. Since Cognito’s prototype, the GammaSense
Stimulation System, does not itself rely on a chemical action,
it is classified as a medical device. This means that the roadmap to FDA approval will not necessarily proceed according
to the Phase I/II/III progression that traditional pharmacological interventions follow. Instead, the company will work
with the FDA to determine what studies will be necessary to
demonstrate safety and efficacy of the new device, after which
the FDA will decide whether to grant marketing authorization for the therapy.
Back at the Boston Center for Memory, the man in front
of the flickering screen is part of the biggest deployment
of 40 Hz technology so far — the Overture study. Over the
course of 6 months, 60 participants have received one hour
of visual and auditory entrainment. Of these, 40 participants received the therapeutic 40 Hz stimulation from the
GammaSense Stimulation System, and the other 20 participants received stimulation at a “sham” setting, meaning
that the screen flickered at varying frequencies higher and
lower than 40 Hz.1 This second group acts as an important
experimental control, and neither the participants, the care
providers, or the outcome assessors are aware of who is
receiving the sham or experimental therapy.1 Periodically
through their course of treatment, patients are tested on
the Cognitive Subscale of the Alzheimer’s Disease Assessment Scale (ADAS-Cog), which consists of 14 questions
that assign participants a score from 0 to 90 based on their
degree of cognitive impairment.1 The results of the study
are expected to be released in August of 2021, at which time
researchers will have a better understanding of the degree of
improvement among human subjects.

Next Steps

There is no doubt that the burden of Alzheimer’s Disease
represents a substantial area of unmet clinical need. In light
of several disappointing failures to treat AD with traditional pharmacological approaches such as antibody therapies,
there is all the more need for a paradigm shift in treatment
strategies. A non-invasive device like the GammaSense Stimulation System has the potential to be deployed widely and
inexpensively to at-risk individuals, some of whom might
start therapy before even being diagnosed with mild cognitive impairment. This would overcome the major hurdle of
timing that has spelled doom for so many previous therapies.
By harnessing breakthrough findings from MIT, the academ16

ic-private partnership of Cognito Therapeutics represents a
flickering light of hope for those facing AD, as well as their
loved ones, who hope to one day restore all that Alzheimer’s
Disease has taken away.
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Scientists are looking
for life in outer space:
The question is, how?
Tabasom Monfared
“Phosphine signal found on Venus;

might there be life on there?” “Opportunity is
landing on the Jezero crater, a site which contained water within the past!” We hear about
new discoveries and therefore the likelihood
of life existing in space almost each day. Many
people have watched NASA’s launches and
seen movies like “The Martian” and are aware
that scientists are searching for life on other
planets, such as Mars. The question, however,
is “how?” What tools are used for exploring
the probability of life existing somewhere out
there? How successful have they been and
what types of information have they gathered
so far? In this article, we’ll introduce three
methods; using rovers, transit spectroscopy,
and an all-photonic focal-plane Wave front
sensor, which is a newly developed method for
exploring space.¹

Rovers:

To start, let’s consider a planet we’ve
all heard about: Mars. Scientists have been
looking for life on Mars for decades. The
rovers that landed on Mars to help scientists
with gaining information each had distinct
features which made it possible for them to
achieve their mission successfully. The first
successful flyby of Mars was on 14–15 July
1965, by NASA’s Mariner 4. Curiosity landed
on Mars on 2012, and together with various
telescopes and orbiters, found sulfur, nitrogen,
oxygen, phosphorus and carbon-- key ingredients necessary for life--in the powder sample
drilled from the “Sheepbed” mudstone in an
exceedingly geologic formation in Gale Crater
on Mars called Yellowknife Bay. Another rover
called Opportunity launched on July 30, 2020
to help scientists in studying the Jezero crater
and Mars. Perseverance, furthermore, goes to
gather rock and samples and brings them back
to Earth for scientists to check.
How do these rovers do their job?
18
Source: NASA, Wikemedia Commons

One of the foremost important methods
employed by them is drilling; rovers drill the
surface of planets to gather dozens of rock and
bring them back to Earth. Furthermore, while
we’d consider a rover as a single robot, each
rover is really composed of many different
parts! Perseverance for example, has 3 robots
with different functions; according to NASA,
the Perseverance rover, at its front, has the
Sample Caching System which itself consists
of three robots, the foremost visible being the
rover’s 2-meter-long robotic arm. There is a
five-jointed arm that carries an outsized turret
that features a rotary percussive drill to gather
core samples of Mars rock and broken rock
in the front of the rover. The second robot
seems like a small flying object built into the
front of the rover, called the bit carousel, and
provides drill bits and empties sample tubes to
the drill and can later move the sample-filled
tubes into the rover chassis for assessment and
processing. The third robot within the Sample
Caching System is the 0.5 meter-long sample
handling arm, known by the term as T. rex
arm (NASA).3,4
What’s more interesting is the time it
takes for these instruments to be designed; for
Perseverance, designing and making the system took seven years and surprisingly, there’s
still more to be done. On rovers, there are two
sample systems: one is a model that will move
to the site (flight model) and another one that
stays on Earth (the test model). Scientists
attempt to keep both models as similar as they
can. They achieve this by testing the robot
using different types of rocks, drilling them
from different parts to consider every possible
situation and condition the rover might be
in to collect the useful samples for scientists
to work on. The rover will then launch and
land on the site, looking for what it’s designed
to look for. However, as scientists usually
mention, it’s not always easy to do this as the

atmosphere on Mars and Earth are not
similar to each other.3,4

Exoplanet Atmospheres
and Transit Spectroscopy:

Imagine scientists want to know
more about the physical and the potential
of an exoplanet to support life. How can
they determine this? Actually, the chemical
composition of an exoplanet’s atmosphere
provides valuable information to us and
the way it can be measured is through the
transit spectroscopy method.
In order to understand this method, we
first need to define what an exoplanet is;
exoplanets, by definition, are planets that
are outside our solar system and orbit
stars other than our Sun. The prefix exo
comes from the Greek world which means
outside: exoplanets are very far from us.
The first two exoplanets were discovered in
1992 orbiting a pulsar which are spherical
compact objects that look like flickering
stars, contain more mass than the sun, and
emit beams of radiation.5,6
Scientists measure the chemical
composition of an exoplanet using this
method. To do this, they measure the
amount of light that can pass through the
atmosphere of the exoplanet when it orbits
its star and compare it to the amount of
light that’s not absorbed by molecules and
just passes through. They can actually then
figure out the chemical composition of
the exoplanet by measuring the fraction
of light that was able to get absorbed at
various wavelengths. The level of precision
that is required to measure these effects,
however, provides a technical challenge
since the fraction of stellar light that’s able
to go through the atmosphere of an exoplanet is small, but that is solved by using
big telescopes and stable instruments to
reach low noise levels.7
Different telescopes can be used
for making observations of planets. By
2025, it is expected that 1-3 giant, groundbased telescopes become operational.
These telescopes will provide several benefits: their larger apertures will let scientists
observe and gain information about a
larger number of planets that orbit fainter
stars (today these techniques are used
on 8-10m telescopes). Another positive
effect of the apertures is that they might
increase precision in studying planets in
brighter systems. We’ll now get to know
three telescopes, including SOFIA, James
Webb Space Telescope, and The Hubble

Telescope that are
used for studying
planets.
SOFIA,
which consists of
a Boeing 747SP
aircraft that carries a 2.7-meter
(106-inch) reflecting telescope, provides a number
of benefits that
result in accurate
spectrophotometric observations. It is able
to prevent the
problems caused
by different atmospheric trace gasThese simulated images show how a quasar and its host galaxy
es (noise during
would appear to NASA’s upcoming James Webb Space Telescope
ground-based-ob(top) and Hubble Space Telescope (bottom) at infrared waveservations) and
lengths of 1.5 and 1.6 microns, respectively. Source: NASA and the
it also works at
University of Melbourne.
lower temperatures compared to
terrestrial planets. (NASA). Another interground-based telescopes; this will decrease
esting contribution of this telescope is its
the thermal background contributions
ability to reveal the galaxies, even the small
that are the main noise source for transit
ones that are distant compared to Hubble
observations. SOFIA can also observe
that doesn’t go far enough to see the host
important events such as the planetary
galaxies, as stated by Rogier Windhorst
occultation, which happens when a planet
of ASU, a co-author on a recent Hubble
passes in front of another object from an
study.7-10
observer’s perspective, as in the case of a
solar eclipse.7
An all-photonic foThe Hubble Space Telescope can
be used for transit spectroscopy of any
cal-plane wave front senplanet that has large scale-height atmosor
sphere and has proven that it’s capable
Another method which makes
of 30 ppm spectrophotometry which is
use
of
AI
(Artificial Intelligence) and
sufficient to inspect molecular aspects of
machine
learning
that’s able to resolve the
planets and its capability is enough to deissues
caused
by
the
Earth’s atmosphere
termine which exoplanets are hazy. It can
while
observing
exoplanets
is a newly dealso function as a tool for characterizing
veloped
sensor;
scientists
attempt
to learn
the UV environment of temperate terresmore
about
other
planets
with
the
use of
trial planets and photochemistry of water,
telescopes,
mostly
the
orbiting
ones
with
CO2, CH4, O2 and O3 (photochemistry
the
use
of
transit
spectroscopy
method.
refers to chemical reactions caused by the
They apply this method by measuring light
absorption of ultraviolet, infrared radiafrom an exoplanet before, during, and after
7,8
tion, or visible light). Finally, The James
it orbits its host star. The observed light
Webb Telescope, expected to launch in
decreases when the exoplanet is behind
2021, is described by NASA as the biggest,
its star and when drawn on a curve, called
most potent and complicated space telethe “light curve”. In the light curve, the
scope ever built and launched into space.
brightness of an exoplanet is shown and
JWST has four instruments which can be
the dips in the graph demonstrate the total
used for gaining information about tranbrightness that drops when the planet goes
siting exoplanets. It will be the strongest
behind its star.11-13
space observatory for transiting planets
However, as Dr. Norris, a research
and the only one that allows scientists
fellow
in
the University of Sydney Astroto characterize the climate of temperate
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photonic Instrumentation Laboratory
from the Earth says, scientists are hoping to launch a renaissance in exoplanet
observation from the ground. Overall, improving the methods by which they study
planets more closely is critical and this is
an example of a recent improvement: The
twinkle that comes from a star is hard to
separate from dips caused by planets when
observed from Earth, says Dr. Norris.
What will assist the scientists in observing
exoplanets is “photonic wavefront sensor”.
What makes observation of planets from
the Earth tough is their faintness and in
the meantime, it’s hard to observe planets
separately from their stars. The sensor
developed by scientists at the University
of Sydney is sensitive to types of distortions invisible to other wavefront sensors
currently used by scientists, as explained
by Dr. Norris. This will in return improve accuracy and make it a lot easier for
astronomers to observe other planets that
are now easy to gain information about.13,14
In the first part of this article we
discussed Mars as a planet that has the
potential to support life. However, let’s also
remind ourselves that Mars is not the only
planet that seems to be able to support
life; some of the other most promising
candidates are the moons of Jupiter and
Saturn, Europa and Enceladus, respectively. Scientists have indicated that Europa
might have water under its surface, the
evidence gathered by NASA Galileo spacecraft that orbited Jupiter from 1995 and
2003, (possibly more than Earth’s ocean!).
Furthermore, an analysis of NASA data
recently revealed the presence of organic
compounds in the plumes of liquid water
from the ocean below Enceladus’s icy
crust. Therefore, NASA is currently developing an interplanetary mission called
“Europa Clipper” to study the Galilean
moon Europa through a series of flybys:
NASA is planning to launch aboard an
Atlas V 551 rocket sometime in the first
half of the coming decade. Orbitlander is
also another mission through which scientists will gain information about Enceladus. Overall, there are many interesting
methods for detecting life on other planets
which makes it possible to determine if
there’ll ever be another Earth on which we,
humans, can reside. 15,16
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rethinking reality
inside the fascinating world
of quantum foundations

REALITY is not all that it seems--or so a
recent team of scientists suggests. Quantum mechanics, the physical theory governing the smallest elements of our universe, has been fraught with paradoxes
and peculiarities since its earliest days.
The Heisenberg uncertainty relation forbids accurate measurements of both position and momentum, the principle of
superposition allows quantum particles
to seemingly occupy multiple states at
the same time, and entanglement creates
seemingly nonlocal and instantaneous
correlations between spatially separated
quantum particles. These form some of
the foundational, albeit bizarre, pillars of
quantum theory.
In addition to being mired in physical
uncertainty, it is further characterized by
meta-uncertainty within the scientific
community: the questions of interpreting the probabilistic nature of quantum
mechanics and precisely defining measurements, for example, remain topics of
intense debate today. Until recently, these
ideas have been experimentally off-limits,
and many physicists have opted for an agnostic view. New research from Griffith
and Heriot-Watt University may have
brought some of these questions within
reach. To understand this recent work, we
will take a detour into the heart of quantum mechanics and explore some of its
philosophical implications in the process.

Quantum Weirdness

There are many bizarre elements of
quantum theory, and perhaps the most
famous are superposition and the measurement problem embodied by Schrodinger’s Cat. The orthodox interpretation
of quantum theory abandons the deterministic roots of classical physics in favor
of probabilistic wavefunctions which collapse upon observation: if a cat is placed in
a box with a vial of a noxious gas that will
be broken by the random decay of a radioactive particle, one cannot know whether
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the cat is alive or dead until we look inside
the box. What’s more, before we look, the
cat is in a superposition of the two states of
being alive and dead.
Whereas in classical mechanics one
can predict with certainty the motion of a
projectile or a heavenly body, in quantum
mechanics observables are mired in uncertainty: we can only predict probability
distributions of potential outcomes which
are thought to “collapse” once an experiment is performed. If the experimenter repeated this process many times, the probability distribution would be recreated by
the sum of the results of the experiments
she performed. These probability distributions define what are called quantum
states.
These ideas taken together with the
Schrödinger equation for the time-evolution of quantum states pre-observation
define the theory of quantum mechanics.
While strange, quantum mechanics has
survived every experimental test thrown
its way; however, fundamental questions
remain on how to interpret the mathematics behind quantum mechanics. In order
to understand these underlying questions,
we must first take a deeper look at the prevailing interpretation of the theory.

The Copenhagen Interpretation

The standard view of quantum mechanics is the one introduced by the Schrodinger’s cat picture. Wavefunctions governed
by the Schrodinger equation determine
the probabilistic time-evolution of quantum mechanical systems—until they are
observed. That is, quantum processes
evolve continuously and time reversibly,
but upon measurement, the wavefunction
collapses in a discontinuous and time irreversible way. If a measurement is nothing
but the quantum state interacting with a
system, why should this unitarity be lost
if Schrodinger’s equation can in principle
describe this? This is often known as the

measurement problem.
While it may seem that these definitions
can be stated precisely in the language of
linear algebra, the formalism hides serious
ambiguities: there has been little progress
made towards defining what exactly constitutes a “measurement” or understanding why measurements are so independent
from the normal evolution of a system.
What’s more, we humans should also be
describable by the language of quantum
theory, so why should measurements we
make cause the Schrödinger formalism to
fall apart.
These questions lingered in the minds of
many physicists in the twentieth century.
The Wigner’s Friend thought experiment,
first conceptualized by Eugene Wigner
and later formalized by David Deutsch,
sharpens these ideas.

Enter Wigner’s Friend

In the Schrödinger’s Cat experiment,
we imagine an experimenter observing an
isolated system--the box containing the
cat. To the experimenter, her setup has
some wavefunction that can be written in
the form
such that the experimenter is equally likely to observe the cat alive or dead.
After she completes her observation, the
wavefunction will collapse, and she will be
left with a definitive measurement, either
Wigner takes this experiment one step
further.1 He imagines putting the experimenter and box inside yet another isolated box. Now Wigner can describe both
his friend and his friend’s experiment as
a quantum wavefunction. Before Wigner
opens his box, his wavefunction for the
joint system will be:
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observe the above superposition, despite
his friend’s definite measurement outcome. Regardless of whether the friend
has performed the experiment and hence
already collapsed the wavefunction, to
Wigner, the friend should be in a superposition of states until he checks in on her!
In this way, the Schrödinger picture
describes two different realities for two
different people: Wigner experiences a
superposition, which he can experimentally verify via an interference experiment,
while his friend sees a definitive outcome.
To some, this represents a fundamental and irreparable inconsistency in the
Copenhagen interpretation of quantum
mechanics--either that, or objective reality does not exist. This begs the question:
when exactly does wavefunction collapse
occur? Was it the friend who collapsed the
wavefunction of the experiment or Wigner?

Beyond the Standard Interpretation

While dominant, the Copenhagen interpretation certainly is not the only one.
The Everettian interpretation, initially
championed by Hugh Everett III, spawned
the famous Many-Worlds interpretation
and others.2 Everett aimed to solve the
measurement problem by doing away with
the ideas of measurement and collapse entirely. Instead of considering
an experimenter as separate
from an isolated system, he
argued that there is no wavefunction collapse--there is
only infinite branching of
possibilities, with both Wigner and his friend included
in a universal wavefunction.
That is, Everett advocated for
a Copenhagen Interpretation without collapse dynamics. To Everett, wavefunctions
preserved the memory of all previous possible events and measurements, while an
observer subjectively experienced only
one of these possible branches.
Everett solved the friend paradox by
arguing that the friend’s wavefunction is
simply incorrect. This notion naturally
gave rise to the Many Worlds interpretation of quantum mechanics, which is
popularly understood as generating new
multiverses every time a quantum measurement is performed. Showing that
this class of interpretation reduces to the
quantum statistics generated by the orthodox view is possible, but relies upon some

principles that some physicists view as being unrealistic. Such disagreements have
resulted in new proposals for alternative
interpretations of quantum mechanics.
In addition to Everett, the QBism interpretation sidesteps the challenge posed
by Wigner’s friend.3 QBism, sometimes
referred to as Quantum Bayesianism, is
rooted in the interpretation of probabilities as measures of subjective degrees of
belief. This is a departure from the traditional frequency interpretations which
posits that a probability represents the frequency of an outcome in a reference class
of events with the same probability.4
This distinction is subtle, but key: if
probabilities are personal, then the question of the incompatibility between the
perspectives of Wigner and his friend
disappears. Both viewpoints are equally
legitimate. Elements of physical theories,
like particles, are traditionally viewed as
ontic--fundamental elements of reality. By
abandoning this viewpoint, Schrödinger
evolution and wavefunction collapse upon
measurement are not disparate effects, but
rather they represent precisely the same
process of agents collecting and deploying
their evidence to update personal probabilities. Upon a measurement, probabilities become binary: either an event happened or it did not.
Everettianism and QBism are just two

Quantum Inequalities

Two experiments performed in the last
year have put quantum foundations within experimental reach, and have provided
hints for these seemingly philosophical
questions. To understand the setup, we
must cover one more strange quantum
phenomenon: entanglement, in which
quantum particles can exhibit strange correlations. If a spin-zero pion decays into
an electron and positron pair, conservation of angular momentum demands that
one be spin up and one be spin down, but
it does not specify which. The electron and
positron are said to be entangled--if I take
the electron to one end of the universe and
you take the positron to the other, once
I measure that my electron is spin up, I
instantaneously can determine that your
positron must be spin down.5
The correlations between the entangled
particles are governed by Bell’s inequality,
which when first formulated rocked quantum mechanics to its core. Previously,
physicists tried to explain away the paradoxes of entanglement by positing a theory of local hidden variables--that when the
pion decays into an electron-positron pair,
there is a local hidden variable that dictates the true spin of both particles, but the
best quantum mechanics can do is assign
50% probabilities to both opposite spin
pairs. In 1964, physicist John Stewart Bell
showed that in order
to preserve reality,
the notion that quantum mechanics is an
incomplete theory
and real systems are
not inherently probabilistic was incompatible with locality, the notion that superluminal processes are impossible.6
Since Bell’s theoretical work, numerous
experimental tests have confirmed that
entangled particles indeed “talk” to each
other faster than the speed of light when a
measurement of one causes the wavefunction of the other to collapse. It is important to note that this does not constitute a
violation of special relativity for no information can be conveyed in this fashion.
Nevertheless, the tradeoff between reality
and locality is one of the most counterintuitive elements of the theory of quantum
mechanics.
In the past year and a half, new progress
has been made on both theoretical and

IN THIS WAY, THE SCHRODINGER PICTURE DESCRIBES
TWO DIFFERENT REALITIES
FOR TWO DIFFERENT PEOPLE.
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of a wealth of proposed interpretations of
quantum mechanics. If the Copenhagen
interpretation contains such a serious flaw,
why has it been swept under the rug until
now? There are many possible answers to
this question. Part of the appeal of the Copenhagen Interpretation is that it makes
calculating observables straightforward.
In the Everettian formalism, one in principle requires a quantum state vector for the
entire universe in order to make a calculation. Furthermore, many view competing
quantum interpretations as an unanswerable philosophical question: the predicted
empirical differences between theories are
so minute that delicate quantum experiments have no hope of detecting them.

has been made on both theoretical and
experimental fronts towards establishing
new and telling inequalities like Bell’s. In
2018, there were several theoretical works
on new no-go theorems, notably from
Frauchiger and Renner and Časlav Brunker.7,8 Brunker in particular demonstrated
a no-go theorem for observer-independent facts based on an extended version
of the Wigner’s friend experiment. Rather than imagining just one laboratory, he
imagined two laboratories, belonging to
Charlie and Debbie externally observed
by Alice and Bob respectively. Alice and
Bob are supplied entangled photons from
a source shared between the two labs. Alice and BoB nondestructively measure
their photons while Charlie and Debbie
are free to measure either the photon itself or the entire experimental system
itself. By comparing the results of the
four observers, one creates a method for
comparing the different wavefunctions in
Wigner’s thought experiment--a method
for comparing subjective realities. From
this, Brunker generated a new Bell-like
inequality and demonstrated that if his
bound were violated, we cannot have all
of freedom of choice, locality, and observer-independent facts.

experiment. Whether a photon is equivalent to the friend Wigner had in mind is,
of course, questionable, but the experiment represented a first step towards tackling the thorny issue of quantum measurement.
Using this setup, Proietti and colleagues
demonstrated for the first time that Wigner and his friend do indeed measure different realities, throwing into question at
least one of the existence of objective fact,
locality, or the experimenters’ free will.⁹
Typically, physicists demand freedom of
choice and locality, thereby eliminating
objective reality from quantum physics,
but in any of these scenarios, the conclusion is startling.
Hot on the heels of this work, a team
of physicists led by Nora Tischler at Griffith University in Brisbane both derived
a new bound and experimentally violated it this summer from the extended
Wigner’s friend thought experiment.10
Through their entangled photon setup,
they demonstrated an incompatibility between free will, locality, and absoluteness
of observed events--a somewhat stricter
requirement than that posed by Proietti et
al, although again, their experiments relied upon photons, not conscious observ-

significance; since Bell, many have crafted new no-go theorems and conducted
corresponding experiments that have expanded the boundaries of quantum mechanics and acceptable interpretations.
The research programmes of Proietti,
Tischler, and many others have continued
the tradition of illuminating some of the
more counterintuitive aspects of quantum
theory via exquisitely precise experimental setups and have shone a light on interpretations of quantum physics beyond the
usual Copenhagen interpretation. The recent experimental progress represents an
exciting avenue for potential evaluation of
metaphysical interpretations of quantum
mechanics.
These results are not cause to give up all
hope on reality as we know it. Just as the
most spectacular effects of Einstein’s relativity kick in only at the highest speeds
and the largest masses, the most confusing consequences of quantum mechanics
kick in at the smallest scales and the lowest temperatures. Both theories reduce to
classical mechanics in the human-sized
limit, in agreement with our intuition, although there is still much room for further exploration: uniting general relativity
and quantum mechanics, describing the

vs
Figure 1: The classic Wigner’s Friend experiment as compared with Bruker’s version.8

Experimental Violations

In mid-2019, Massimiliano Proietti
at Heriot-Watt University in Edinburgh
and colleagues experimentally confirmed
violations of this inequality in a six-photon experiment (when the inequality is
violated, we lose the assumptions baked
into it--in this case, locality, free will, or
observer-independent facts). Quantum
experiments generally must be conducted
on small particles, like photons, that are
isolated at ultracold temperatures in order
to prevent the destruction of superposition and entanglement via decoherence.
One room-temperature air molecule out
of place can trigger decoherence and destroy an intricate experimental setup. For
that reason, conducting a Wigner’s friend
experiment with an actual “friend” is out
of the question. Replace Wigner and his
friend with photons, and you get Proietti’s

ers, to do the measuring..

A New Hope or More of the
Same?

Many popular science publications reported that these experimental results require the abandonment of objective reality
as we know it.11,12 This is far from the case:
Everettianism and QBism are but two interpretations of a long list that are entirely
compatible with the results of Tischler and
Proietti, including interpretations that incorporate concepts such as retrocausality
and superluminality that were traditionally viewed as entirely radical. Furthermore,
they do not address Wigner’s original resolution of his paradox--that measurement
is a property of human consciousness, as
photons do not think (as far as we know).
These works perhaps have more philosophical significance than practical

exact mechanisms behind quantum decoherence, and collecting more experimental evidence to rule out various interpretations remain as challenges for the field.
Neither of these experiments should call
into question our own experiences--at
least, not yet.
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Rewriting History
Using the Science of

works cited
[1] Wigner, E. P. Philosophical Reflections and Syntheses. 1995,
B, 6, 171-184.
[2] Barrett, J. Everett’s Relative-State Formulation of Quantum
Mechanics. The Stanford Encyclopedia of Philosophy. Winter 2018.
[3] Healey, R. Quantum Bayesian. The Stanford Encyclopedia of
Philosophy. Spring 2017.
[4] Hájek, A. Interpretations of Probability. The Stanford Encyclopedia of Philosophy. Fall 2019
[5] cite griffiths for this example
[6] Bell, J. S. Physics, Physique, Fizika. 1964, 1, 3, 195–200.

Ancient DNA
[7] Frauchiger, D., Renner, R. arXiv preprint. 2016.
[8] Brukner, Č. Entropy. 2018, 20, 350.
[9] Proietti, M. Pickston, A. Graffitti, F. et al. Science Advances.
2019, 5, 9.
[10] Bong, KW., Utreras-Alarcón, A., Ghafari, F. et al. Nat. Phys.
2020, 1, 1745-2481.
[11] Merali, Z. This Twist on Schrödinger’s Cat Paradox Has
Major Implications for Quantum Theory. Scientific American, Aug. 17, 2020. https://www.scientificamerican.com/
article/this-twist-on-schroedingers-cat-paradox-has-majorimplications-for-quantum-theory (accessed Nov. 8, 2020).
[12] Emerging Technology from the arXiv. A quantum experiment suggests there’s no such thing as objective reality. MIT
Tech Review, Mar. 12, 2019. https://www.technologyreview.
com/2019/03/12/136684/a-quantum-experiment-suggeststheres-no-such-thing-as-objective-reality/ (accessed Nov. 7,
2020).

History is typically defined as the study
of the past through written records and
documentation; anything before that
is labelled “prehistory” and is left to
archeologists. But current advances in
genome technology may very well be
changing this definition of history. In
particular, the study of ancient DNA
is rapidly reshaping the way we think
about the past. Using ancient DNA
analysis, scientists have been able to
make exciting discoveries on ancient
civilizations and human migration from
long before written records exist.
To understand the science of reading
ancient DNA, we must first look at how
Figure 1: A bell-beaker jar. The appearance of this pottery style across Europe
spurred an academic conversation
about cultural exchange during this era.
(Source: Wikimedia Commons)
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scientists read modern DNA. At the
molecular level, DNA is essentially two
long strands of chemical bases wound
together in a double helix structure.
These four bases—A, C, G, and T—code
for every gene in our body and determine traits such as eye color and height.1 
Simply put, sequencing the genome
means figuring out the order of letters
that compose the base pairs of our DNA
strands.Even though everyone has a
different sequence of base pairs, because
we inherit traits from our two parents,
it is possible to examine the similarities
between generations to see which genes
have been passed down.1
Ancient DNA, however, is extremely challenging to sequence
due to DNA degradation over
long periods of time.2  Researchers typically have only a few
fragments of bone samples to
sequence, and these bones may
only contain small strands of
DNA. Success rates of sequencing are therefore often very low.
Yet there are some methods that
can help scientists get around
this difficulty. The petrous bone,
a small bone in the inner ear,
is a gold mine of ancient DNA
preservation; in some cases,
scientists have been able to
extract more than 100 times the
ancient DNA from the petrous
bone than from other bone in the
body.3 Scientists still are not sure
why this bone is so good at DNA
preservation, though one explanation may be its great density

Source: Wikimedia
Commons

compared with other types of bone.3 Of
course, this method is only useful when
researchers have access to this bone;
when they don’t, they resort to the longer (and less reliable) method of stitching together the different DNA strands.2 
Much like doing a jigsaw puzzle, this is
done by finding the overlapping areas
between available strands in order to
recreate the entire genome.

The petrous bone, a small
bone in the inner ear, is a
gold mine of ancient DNA
preservation; in some cases,
scientists have been able to
extract more than 100 times
the ancient DNA from the
petrous bone than from other bone in the body.
Regardless of the method of extraction,
after this data is collected, scientists use
a statistical tool called Principal Component Analysis (PCA) to make sense of the
collected data. Essentially, this method
finds the two largest areas of variance
between the data and uses those as the
two axes on a graph.2All of the data from
the extracted DNA is then plotted on this
graph according to their relation with the
two groups of variances. Of course, DNA
between humans is extremely similar.
This means that PCR groups together
the miniscule detections of difference
between populations, often less than one
percent. Once the data has been grouped,
data points from other ancient samples
25

or current human populations are often
added to serve as a comparison.

Research with ancient DNA in the Americas has particularly faced heavy resistance
by some Native American tribes.7 After
all, Indigenous groups across the Americas have dealt with hundreds of years of
colonization, not to mention the oppression of culture, language, and religion.
There are valid fears that genetic research
will dissolve Indigenous culture, similar
to the historical events in which Europeans tried to convert them to Christianity
or Western lifestyles.7It is not surprising
that they would be resistant to genetic
testing, even if such testing has no malintention. Additionally, many Native Americans don’t want to know what the science
will find due to their religious beliefs. For
example, in 2002 the Navajo passed a law
that forbids members from participating
in genetic studies; the document expressing this statement reads, “Human genome
testing is strictly prohibited by the Tribe.
Navajos were created by Changing
Woman; therefore, they know where they
came from.”7Regardless of this perspective towards genetic testing changes in
the future, it’s clear that scientists must be
respectful of these mindsets in order to
avoid the future exploitation of Indigenous peoples.

So what happens after we carefully
retrieve and analyze this ancient genetic
data? There are an infinite amount of
questions we can ask about the lives of
ancestors, and some of those questions
are just starting to be answered.
One major debate in the archeological
world has been the question of “Pots vs.
People.” During the third century BCE,
pottery in Western Europe shifted from
a diverse number of localized styles,
to a very distinct style of bell-shaped
pottery that spread all around this area
(Figure 1). For years, archeologists
argued over whether this shift was due
to the adoption of new pottery methods
by local people, or the replacement of
local people by more eastern groups
who brought their pottery with them.
In 2018, researcher Iñigo Olalde and his
colleagues made great headway on this
question by comparing the genomes
of hundreds of Neolithic skeletons to
a dataset of modern European genes.
With statistical modeling, they were
able to determine the relative amount of
population mixing, or admixture, that
occured between the local Europeans
and eastern migrators. Different areas
of Europe showed varying percentages
of admixture; for example, Iberia (the
region around Spain) shows less population replacement than Central Europe.
In Great Britain, however, scientists
measured nearly 90 percent genetic turnover in the gene pool, meaning almost
total replacement of the population.4
Of course, migration is a nuanced issue;
not all populations in Europe were
replaced, and the ones that were exhibited varying degrees of replacement. It
is almost certain that the spread of bell
beaker pots is a combination of both local
adoption and foreign migration.4 However, the implications of these findings are
still significant: not only do they reveal
the close genetic linkage between these
two regions, but they also put ancient
migration patterns into a perspective of
depth and complexity. A whole new set of
questions can now be asked: Why did this
migration happen? How exactly did these
new populations impact existing European social structures? Did this movement
affect the climate or the spread of disease?
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Figure 2: Map showing origin of Indo-European languages in the Steppe (dark green)
alongside the present-day spread of those languages across the world (light green).
(Source: Wikimedia Commons)

As the field expands, we may find the
answers to these questions.
Like this question of “Pots vs. People”,
a similar debate regarding the spread
of Indo-European languages exists in
the scientific community. The Indo-European language family is one of the
largest, and it spans across the globe,
encompassing languages across Eurasia
such as English, Persian, and Hindi.2
Due to the scale of this language family,
researchers have argued for decades on
where it originated, with two prevailing
hypotheses: Anatolia and the Steppe.
The Anatolian theory posits that Indo-European languages started in the
region of Anatolia, which is in modern
day Turkey along the Mediterranean
Sea. The Steppe theory, however, posits
that the language actually originated
north of Anatolia, in the Steppe, which
is a region near modern day Ukraine
and Kazakhstan (Figure 2).5 To gain
clarity on this puzzle, Wolfgang Haak

and his team decided to analyse the
ancient DNA genome to see if they
could determine the origins of the some
Europens. Essentially, they wanted to
do a backwards reconstruction of the
genome that would hopefully lead to
the origin of the people who migrated around Eurasia and spread their
language. To figure this out, the team
used ancient DNA from 69 European
samples dating from between around
6000-1000 BCE. Due to the wide range
in samples across time, they were
able to compare the genetic strands
and track migratory patterns around
Europe. Their results indicated that the
origin of Indo-European language was
from the Steppe, probably by a group
of people known as the Yamnaya.6 And
with that, yet another scientific debate
was clarified by ancient DNA.
However, scientific advancements are
almost always met with controversy, and
genetic sequencing has been no different.

Apart from controversy, performing
ancient DNA testing faces two big challenges: environmental degradation and
lack of genetic source material. Many
different climatic factors, such as heat
or humidity, can impact the quality of
fossil preservation over time.2 This is
one reason that the majority of research
has been done using data from European skeletons, since the milder climate
makes DNA easier to extract compared
to skeletons from Africa or Southeast
Asia. Apart from the challenges raised by
the environment, there are also physical
limitations to DNA sequencing; in other
words, there aren’t enough bones available to answer all the questions about
our ancestors.2 This small pool of data
means that scientists must be careful not
to overgeneralize their findings. If all of
your data is from a single skull or finger
bone, it’s dangerous to make sweeping
claims about the genetic makeup of an
entire population. Since the field is still
new, much of current research focuses
around building up a genetic database
with the results of ancient DNA and
looking for broad patterns within the
existing data.2 As we collect more arche-

ological evidence, however, the findings
will get more precise.
History is written by the winners; the
stories of the disenfranchised — such as
women, slaves, and peasants—are typically swept to the sidelines. But with the science of ancient DNA, previously untold
stories can now be uncovered as we learn
more about who our ancestors were. This
knowledge is invaluable for dictating both
how we can connect to our roots and also
the way we think about our future as an
increasingly global society. It’s clear that
humans have been moving and mixing all
around the world in much more complex
ways than we may have given them credit
for in the past. Hopefully, knowing how
connected all humans are will pave the
way to a better world, one with less prejudice and discrimination. It is exciting to
see where this science goes next and what
new stories we may uncover.
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History is written by the winners; the stories
of the disenfranchised — such as women,
slaves, and peasants—are typically swept to
the sidelines. But with the science of ancient
DNA, previously untold stories can now be
uncovered as we learn more about who our
ancestors were.
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