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Message from the Editor-in-Chief F#Rsa54

Dear Readers,

Welcome back to Science Focus! | trust that all of you are well into your semester
of the new school year. School and studying are of utmost importance, but it is also
essential fo relax, take a break and breathe in this crisp autumn air. Let us help you
de-stress! In this issue, we have several exciting new developments to share with you.

In our past issues, we have prepared guides and tips for students wanting to
study abroad in universities all around the world. We're temporarily shelving our
Global Education Hub section for a new section called Science in History. Much
of science is built upon earlier discoveries that evolve over time and we get a
glimpse of what the world was like before science and technology gave us modern
conveniences. We hope that you will find this new section interesting and thought-
provoking. However, check out our archived issues at http://sciencefocus.ust.hk if you
are looking for application tips!

Science Focus has been around for some time now and we want to know your
opinions on how we're doing and where we could improve. If you are a student,
please fill out our survey at http://sciencefocus.ust.hk/survey_students/ to tell us
what you think. By filling out this survey, you will be entered for a lucky draw to win a
Commercial Press coupon valued at HK$500.

Thank you and enjoy your Science Focus!
Yours faithfully,

Prof. Yung Hou Wong
Editor-in-Chief
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WHAT'S HAPPENING IN p

By Thomas Lee FiEE

Science Explorer at HKSTP

At Science Park, discover cutting-edge . —
& N | Ea oa LA
inventions that are shaping the modern world and BERRERNSRRT

gather knowledge about career prospects from TR E Py ARTTLET5 YE  IE  t SR A A

successful fech companies. Are you more hands- . e e s o e 22
% / EEIFT R K ERRITENNERN = SR F

on? Roll up your sleeves to participate in the Robo . ‘ 3 8
Workshop, where you can learn more about the 1R - ERJSAMMA LR SBRAFREHS T

mathematics, engineering, physics and coding 12 Y2 RARESAHE - BIEHMA -
that go into creating robofs. .
° ° OB AN B R B2

Individuals and groups are welcomel
- FAKIFEE Ahttps.//sciencexplorer.hkstp.org/
To book a tour, please visit htfps:// tc/booking_tc.html

sciencexplorer.hkstp.org/en/booking_tc.html

Roving Exhibition "RESR, TEFKERE
— r . §_
The roving exhibition aims to enhance the Bl - RARR # =
public’'s awareness and understanding of A= A Al (...-I.».-.)R

climate change. What is the government doing SR TR - BT B B PSR FE
to combat these changes and what dowe need .. .
; o R REFHEREM@E
to do as a society¢ Learn more at the exhibitions o
& - %R R B 51t 614

oo e

available at:
Hong Kong Science and Technology Parks &FEBMER:10829HE11
from 29 Oct to 6 Nov, 10:00 AM - 7:00 PM or AH6H -10:00AM - 7:00PM ; &
Yatsumoto International Academic Park, EH T ABEARRERE 11888F

CUHK from 8 Nov to 20 Nov, 9:30 AM — 7:30 PM. 118208 - 9:30AM - 7:30PM -

Visit http://www.science.gov.hk/exhib2016/

e - 5 ;
index.him for more information. BRAFIE  FRE: http://www.science.

gov.hk/exhib2016/index_uc.htm

WWF Volunteering

Volunteering is an excellent way to HREAEEERT

contribute to society as well as to build T o - -
your resume. WWF's recent ventures RESHRE DEBARBHRUBE

include “Discovering Biodiversity in Hong EREMIENRERE -HRERESE
Kong Wetlands” and the “Coastal Watch IHELHARRETE] 65 T&ERMEY)
programme”, in an effort to conserve ZIEMEE N'BEER. 5 - B8
our environment. To volunteer for . AzesT AAMEBES. T
WWEF, fill out their application form # BB http://www.wwf.org.
at http://www.wwf.org.hk/en/your_ hi/your.support/b ST

support/be_our_volunteer/ and e
start doing your part in society! volunteer/ N #IZA -
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./..,
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THE

ACCIDENTAL
DISCOVERY OF THE

MICROWAVE
SIMIESE — GRIE

By Jason Long Him Cheung iRER#k

M O n y modern

inventions, such as the airplane
or the computer, were
painstakingly honed and refined
to work as intended. Others
were encountered upon by mere
happenstance. Arguably one
of the most ubiquitous kitchen
appliances, the microwave
oven, was invented by accident
during World War Il - a period
that pressured the creative
geniuses of the world to match
the demands of weaponry,
espionage technology and
vehicles. Some of these were
inadvertently franslated into
practical equipment that made
their way into mainstream
consumerism.

Most of us are familiar with
the microwave oven. Convenient
to heat up food in a matter of
minutes and safe to use, the
microwave is both a staple of
every kitchen and a revolution
to food preparation in the
dining industry. Life without the

°0g

microwave is hard to imagine. But
it wasn't until 1946 when the first
microwave was sold, and 1967
when it was initially infroduced
infto consumer markets for home
use.

The man of the hour was
Percy Spencer. A leading expert
in radar technology in World
War Il, he was responsible for
developing combat radar
equipment that detected and
tfracked increasingly dangerous
enemy aircrafts for hundreds
of miles, even when cloaked
in darkness. A tfube known
as a magnetron was used to
generate short wavelength
microwaves. It involved a high-
powered vacuum that imposed
an inferaction between a stream
of electrons and a magnetic
field.

At the time, Spencer worked
on the maintenance of short
wavelength radars in cold
weather. He just so happened
to reach into his pocket for a

This article may be
useful as supplementary
reading for physics
classes, based on the
DSE syllabus.

RIBYERSORARE
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candy bar, and noticed that
it had melted even in the cold
temperatures, concluding that
microwaves were responsible
for the heat generated. He then
proceeded to heat up popcorn
and an egg, the latter of which
exploded under the unreleased
pressure. Spencer found that
by frapping microwaves in a
metal box, temperatures in the
box increased significantly and
heated up food.

Microwaves are made of
an ensemble of relatively short
electromagnetic wavelengths
ranging from 1 m to 1 mm, and
have frequencies of 300 MHz to
300 GHz. The microwave oven
(not to be confused with the
electromagnetic microwave),
makes use of the frequency
of 2.45 GHz. Working primarily
on dipole water molecules in
food, the electromagnetic field
forces the water molecules to
realign themselves with the
changing polarity. The friction of



the constantly vacillating water
molecules creates the heat
energy required to heat up the
rest of the food via radiation.

Spencer and his colleagues
were able to file a patent for this
novel device by October 1945.
In 1947, the microwave oven
was available for commercial
use but was 1.8 m in height and
came with a hefty price tag
of USD$5,000. Adjust that for
inflation and you would purchase
one of these bad boys for
USD$53,000 - hardly affordable
for a simple kitchen device.
Improvements to streamline
the cost for commercialisation
eventually arrived in the 70s. The
microwave we know today is
present in most households and
comes with different functions
and power outputs, but who
knew this common household
appliance rooted from World
War Il research?
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Further Reading 7 fé B8 :8

http://news.psu.edu/
story/141277/2005/11/28/research/
probing-question-how-do-
microwaves-cook-food

DID YOU KNOW? {R&ENZEE ?

rays are some examples.
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The microwave oven is often misunderstood to cause cancer or is hazardous to health due to the
word “radiation”. It is important to distinguish the different types of radiation. Microwave radiation is
non-ionising, which means that it does not have enough energy to remove an electron from an atom.
This type of low energy wave will not be able to change the chemistry of biological cells and thus will
not cause cancer or other types of radiation sickness. On the other hand, ionising radiation has a
shorter wavelength, carries much more energy and can cause serious illnesses. X-rays and gamma
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S I nce the dawn of the industrial

revolution, human activities have caused a surge
in the amount of carbon dioxide (CO,) released
info the atmosphere. Each year, the ocean
absorbs approximately 25% of atmospheric CO..
As atmospheric CO, levels increase, the ocean'’s
CO, concentration follows suit. This dissolution
alternate carbonate chemistry in surface water
leads to a drop in its surface pH. The phenomenon
is known as ocean acidification [1].

Ocean acidification has led to a drop in the
pH of surface ocean waters by about 0.1 pH units
since the 1950s. While this number appears to be
insignificant, recall that the pH scale is logarithmic.
The minute change belies a 30% increase in
acidity [1]. Fluctuations in the ocean’'s CO3 levels
are a direct threat to the growth and development
of marine life. Marine critters rely on the calcium
carbonate in seawater to build their exoskeletons,
but carbonate ions become less available with
increased acidity. As a result, scientists are studying
how well organisms such as molluscs, crustaceans,
and corals are able to adapt to the increasingly
acidic conditions.

Marine biologist, Gretchen Hofmann, and her
group have been observing the adaptability of
sea urchins to increasing ocean acidification.
Sea urchins exhibit spherical-shaped bodies,
covered in needle-like protrusions, and are found

References 2 &}

[1] Ocean Acidification: The Other Carbon Dioxide Problem. PMEL Carbon
Program, National Oceanic and Atmospheric Administration. Refrieved from

http://www.pmel.noaa.gov/co2/story/Ocean+Acidification

[2] Staff Reporter. Sea Urchins Adapting to Increased Oceanic Acidifcation
(2013). Nature World News. Retrieved from http://www.natureworldnews.com/
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htm

[3] Welch, C. Sea Change — Can Sea Life Adapt? (2013) The Seattle Times.
Retrieved from http://apps.seattletimes.com/reports/sea-change/2013/nov/2/

can-sea-life-adapt/

ubiquitously in the world's oceans. Considered as
a keystone species, any changes in the population
size of sea urchins would directly influence other
marine organisms [2].

The size of sea urchin larvae is critical to its
ability to swim and the amount of food it can
obtain. In her preliminary studies, Hofmann
exposed sea urchin larvae to water containing
high CO; levels and compared their sizes to sea
urchins grown in less acidic conditions. While
most larvae were unable to reach their full
potential sizes, some of them seemed surprisingly
unaffected by the acidity. This prompted her and
her colleague — evolutionary biologist Morgan
Kelly, to investigate whether sea urchins that hail
from a coastal area naturally exposed to higher
water acidity, had any evolutionary advantage
over other sea urchins in coping with acidification.

Their results showed that organisms in Northern
California, a region with higher ocean acidity due
to coastal upwelling, displayed a different genetic
profile from their relatives in other coastal regions.
The profile showed robust genetic variance for
larvae sizes, suggesting that sea urchins may have
hope in adapting to future conditions, particularly
when reared from urchins from different regions.
In other words, mating the hardy northern male
sea urchins with the southern females revealed
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that the resistance to acidity in water was able
to be passed onto their offspring, showing
potential evidence of evolution and adaptation
[3]. However, the data for larval sea urchins may
not apply to adult urchins, and further study is
required.

With natural selection on their side, the future
for marine creatures may not be as dire as once
predicted. However, ocean acidification is not
the sole threat to their survival. Ocean warming is
believed to occur simultaneously, which may also
pose indirect threat by altering the food web. The
key is to determine whether the rate of adaptation
is adequate fo keep up with the rapid changes in
their habitat. Furthermore, this study is limited to
sea urchins alone; other sea creatures may be less
able to cope with elevated ocean temperatures
and acidity, warranting a more comprehensive
study.
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This article may be useful as supplementary reading for
biology classes, based on the DSE syllabus.

RIBEYRORAFEME - A IERBRHIETTEY) -

HS0FERES BFMIEESREBKWpHETNRE Y
0.1 - #HREHFELUMAEE  BRISEpHEZ U EIE
R BN EHERRZ 8 KNEESKRS 730%
[1] - F P St S ERR S ERBEBFEMHNERMN
B8 - mF/ )\ BB E KRR IKE ISR BZIEE Bk
B AR BE TR E AR BE I8 0T P - RIS XA LLTER FTERES
Y  BREYAMME LR LY - W E R #REER

iR

BEEVMBRBEEZ ERENMNER —BEEHRSE
NEE B *MERIBET) - BIEEIKES - Rk MmMR - FEH5R
BREFPEBERE  BEE —RERERYE  BEAN
LIRS mEERFEEMEFEY (2]

BRENENEREBSEBEXENRIEGHNRYERER
TE -BERETEVLMAT LBRENENESZE_SL
KPP RIE REEERMUBERIREPERNBIELL
B BARZSHNBAEERZELERZANN BIABHNZ
BLENBUFARKRERE - SRREEMAELCENBEX
S\AER  RERSRREKRERSH L 8TEERINE
e RELCREERELEDR JLUBHRRKR(EEE-

fiPIIFRERIEL  ERIGFRBARTE BFME
BREMWIERBEREE  BEMSENRIBREE A
ERNEEERE - BNRBETARNEREERE  KRLEE
Mg LERRE AR ER BRI ENENR  BUEE
BEARRBIRIE - AR - LIS M D ESRAV 1 EIE AR
MR ECE - THEE R R E T LUEERIRN - SN ILIE
RRE(EMBERELIR [3] - KM BRANSBHNEBERVE AR
PLEEENE  EREE SRR BEER -

BSERYBRE BFEYRIARRARDE G -
mm OSFRETAZE—NEE , —REEEFRELE
EIf5EE  CIREENERYAE  BUBERE - EMEYERE

. BRREBESR FERIMAVREEE - S50 IR R FR

OBHE - BEtUSFEY BRI RERKE EARISENTIEE
ARBIE  BEEZMRIAFTT BE NS

IF



'.rﬂ““ ’EJ*"F =K | B

-

P i 2 A 2

s Dark Tnergy and D&m@ Matter 3
Why Do They Matter?

By Raphaella So & Z&

bk '
Seeln is believing” is an often

heard phrase people use to justify their disbelief (or
belief) in ghosts or religion. While a good portion
of science can be proven with the tangible and
evidential, much of it also relies on theories and
models. The abstruse mysteries of the Universe,
in particular, requires an imaginative mind to
decipher, leaving many questions answered
speculatively and creating even more in the
process. Such is the case withydark energy and
dark matter.

Back in the 90s, an intriguing observation
puzzled physicists. We know that the universe is
made up of matter, and all matter has gravity.
For a while, there was a general consensus that
gravity would slow, or even stop the Universe from
expanding. However, all observations captured
by the Hubble Spdce Telescope in 1998 pointed
to a Universe that not only continued to expand,
but that expanded at an accelerated rate. The
mismatch between expectation and reality
instigated a look into what beecame coined as
dark energy. The net amount of visible matter that
existed in space, on the other hand, was believed

5%
Ordinary Matter

68% Dark Energy

to not possess enough gravity to hold the Universe
together. Hence, the discrepancy in matter was
coined as dark matter.

The Planck Space Mission, launched in 2009 fo
create a detailed map of the Universe by scanning
for cosmic microwaves, revealed that 68% of the
Universe is made up of dark energy, while 27% is
dark matter. “Regular” matter that is observable
only occupies about 5% of the Universe, begging
the question of whether normal matter should be
referred to as “normal” in the first place.

Scientists have yet to agree on how to
explain dark energy. There are several schools of
thought. The initial hypothesis was derived from
a version of Albert Einstein’s theory of relativity,
stating that what we consider as empty space
is not in fact empty, thus it would also possess
energy. This ensures that the Universe would not
be diluted as it expands, and is known as the
cosmological constant. The energy would then
cause the Universe's expansion rate fo increase,
therefore explaining the Hubble Space Telescope
observations. A second plausible hypothesis is
that there is a new type of energy that has an
opposite effect on the Universe's expansion than
normal matter and energy: Finally, some have
offered to debunk Einstein’s theory of relativity, but
this would misplace everything we know about

the Solar System and the Universe would need

to be re-examined. All we know for relative

certainty is that dark energy is responsible for
accelerating the expansion of the Universe.

Dark matter is just as elusive. We know
what it isn't, but have little idea of what it
is. Dark matter is anything in the Universe
that we are unable to directly observe,
unlike visible stars or planets. We can also
separate it from antimatter, which reacts
with “regular” matter to produce gamma



W

Visible Matter
. __le-

rays. Lastly, dark matter does not refer to black
holes, the latter of which cannot be scattered
(whereas dark matter can be). So, if we are unable
to observe dark matter directly, how do we know
that it exists2 In layman's terms, there is s& much
gravity in the Universe that is unaccounted for
based on the matter that we can observe, so the
remainder “stuff” is defined as dark matter.

There is much we have yet to find out about the
Universe and with each step foward uncovering
these mysteries more questions are revealed in
the process. But this process is what drives science
forward, the curiosity to push the boundaries of
the known and the perseverance to piece the
unending puzzle of the Universe into a picture that
we can understand.
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Feynman's Cheat Sheet

— Atomic Storage

By David lu HkiiEe

YOU are taking a test tomorrow. Your

teacher was generous enough fo allow you to
bring a cheat-sheet, but only on one side of an A4
paper. How would you arrange the overwhelming
amount of information you need to know and
pack them in a space so limited?e Naturally, you
would miniaturise your writings, compress your
equations and facts and cram in as much as you
can. Still, eventually you would reach the edges
of the paper, no longer able to smuggle those last
few equations info the exam hall.

And this, indeed, is the million-dollar question
of our information age.

The advent of the digital age has seen
explosive growth in the complexity
and variety of data. More
than a billion gigabytes of

Scanning

Why can't we write the entire 24
volumes of the Encycolpaedia Brittanica
on the head of a pin?

— Richard Feynman,
“There’s Plenty of Space at the Bottom”, 1959

on a copper surface in ultrahigh vacuum, with
the precise locations of each individual atom
manipulated by injecting an electric current using
a Scanning Tunnelling Microscope. The presence
of a current allows the chlorine atoms fo swiftch
places, resulting in a pattern of coupled vacant
sites and occupied sites. Each vacant site is
only 20 to 30 pm deep.

Tunnellin
heth(;]TO c;re created Microscoge These combinations of vacant sites
ceich el [T elfees (V) and occupied sites (Cl) come in
unmatched by (STM)

the advances in
information systems.

Data centres and
servers take up

large spaces and
consume even

more energy each
year. Thus, ensuring
each bit takes up the
minimal amount of space
is paramount. The ultimate

solution¢ Coding information at the
atomic level, as Feynman envisioned nearly 60
years ago.

Scientists at Delft University have approached
the physical limit by reducing each bit to single
atoms. By arranging individual chlorine atoms in
an exactly ordered pattern, the research team
built a memory of 8000 bits (1 kilobyte) on an area
as small as 100 nm wide [2]. The hard drive was
assembled by coating a chlorine atom lattice

two distinct configurations, V-Cl and
CI-V. Translated into binary, they
can be represented as “0"” and "1”,
for different numbers, letters and
symbols of data.

A density of 502

terabits per square

inch was achieved, an

unprecedented density of

data that is 500 times higher
than the best commercial hard
disk available on the market
[1]. To put that into perspective,
the entirety of the US library of
Congress can be stored within a

0.1 mm wide cube. Furthermore, the
atomic-scale device employs atoms

by removing them from a uniform

surface as opposed to employing atoms

in an additive manner, profoundly reducing

errors.



Nonetheless, whilst the atomic hard disk offers
impressive improvements in thermal stability
and data density, there is still ample room for
improvement until it finds its way into data
centres or servers, let alone households. The
codes only have several hours of lifetime at -196
°C, a temperature too low to be practically and
economically maintained. Moreover, reading
a block of memory — which codes for just 8
characters — takes up fo 10 minutes.

Still, the future is full of promises. By creating
several thousands of single-atom bits, this
pioneering research represents a significant step
toward miniature electronics. With the discovery
of new materials and the development of tools for
atomic manipulation, Feynman shall eventually
get his cheat sheet containing all the knowledge
known to mankind. After all, there is plenty of room

af the bottom.
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CommOmy found in the forests

of sub-Saharan Africa, the greater honeyguide
(Latin name Indicator indicator) is one of the few
birds that can digest beeswax. Their diet extends
to the remaining contents of bee colonies, such
as bee eggs, larvae and pupae [1], and they are
particularly adept at seeking beehives to secure
their prey. Avoiding bees and their stings, however,
prove too difficult for these relatively defenceless
small birds. Instead, they enlist the help of
honey hunters of the Yao people in Northern
Mozambique.

Honey hunters summon nearby honeyguides
with a loud brr-hmm noise, often referred to as the
trill-grunt. The birds respond by chirping and flying
toward the beehive. In a harmony of calls and
responses, the honey hunter and the honeyguide
repeat in reaffirmation to seek their common goal.
Once identified, human hunters will envelop the
hive with smoke and fire to disorient the bees to
mask any attfack pheromones. The hive is then
cracked open to retrieve the honey. The entire
process is no easy feat — beehives tend to be

[4] Giamo, C. The Surprisingly Sticky Tale of the Hadza and the
Honeyguide Bird (2016). Atlas Obscura. Retrieved from http://
www.atlasobscura.com/articles/the-surprisingly-sticky-tale-of-
the-hadza-and-the-honeyguide-bird

[5] Wood, B. M., Pontzer, H., Raichlen, D. A., Marlowe, F. W.
Mutualism and manipulation in Hadza — honeyguide
interactions (2014). Evolution & Human Behaviour. Retrieved
from http://www.ehbonline.org/article/S1090-5138(14)00087-7/
abstract



located far out of reach within the trunks of trees
and far above the ground. To reward the bird, the
Yao people leave behind wax ceremonially on a
bed of leaves. After all, the birds have earned it;
with a honeyguide's help, honey hunters are able
fo triple the chance of locating hives [2].

Initial Western reports of this phenomenon
appeared in the 16th century, when a Portuguese
missionary noted that a small bird pecked at the
candlesticks in his church and could guide seekers
to beehives. For centuries, it had been dismissed as
myth, until the 1980s when Isack and Reyer showed
that the Boran people of Kenya were purposefully
following the honeyguide. Unlike the Yao, the
Boran summoned honeyguides with sharp whistle-
like sounds. With the help of the honeyguide, the
Boran are able to cut down search time from nine
hours to three [3].

The mutualistic behaviour — describing two
parties both benefitting from a shared relationship
—is frequently observed in the natural world. Plants
and pollinators depend on each other, as do
gut bacteria and humans. The Hadza people of
Tanzania also follow honeyguides to locate honey,
but their relationship moves from a mutualistic one
to a manipulative one, where one party acts in
a way that is beneficial to them but costly to the
other party [5]. The H_‘o'dzo people manipulate
honeyguides by destroying the wax that they
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find — burning, burying or hiding, to
deliberately deprive honeyguides of their
reward. According to Hadza tradition, this
behaviour keeps honeyguides hungry and
motivated to find more hives.

Even with the promise of reward, the
origin of honey guiding is called into question.
The birds are not trained or domesticated, and
are wild by every definition. Yet, they voluntarily
engage with humans to establish a mutualistic
relationship. Honeyguides themselves, however,
are guilty of their own manipulative behaviour
toward other birds. In fact, they are oftentimes
referred to as ‘African cuckoos’ for its cuckoo-
esque parasitism. Female honeyguides are unable
to build their own nests and thus, sneak into the
underground nests of bee-eating birds, pierce the
host's eggs and supplant their own eggs in the
nest. The host bird is often unaware of the switch,
and obliviously incubates the new clutch [5].

Competition between female honeyguides
is also fierce; around one third of parasitised
nests contain eggs from two or more females
and bee-eater hosts are only able to provide
so many insects. To gain the evolutionary edge,
honeyguide eggs very much resemble host
eggs in size. Unlike in the case of the cuckoo
bird, however, the honeyguide's mimicry aims
to fool other honeyguides instead of the host.
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Experiments have shown that bee-eating hosts
are oblivious to the size of the eggs and blithely
incubate eggs that are significantly larger than
their own. Researchers put this theory to test by
placing a conspicuously foreign egg into a bee-
eater nest and waited until a female honeyguide
approached to lay her egg. They observed that
every egg in the nest was punctured, but the
foreign egg was particularly severely pierced,
concluding that these anomalous eggs were
mistaken as rival honeyguide eggs [4].

Aside from the honeyguide, natural cases of
cooperation between humans and wild animals
are rare, but not unheard of. Fishermen in Laguna,
Brazil, collaborate with local dolphins to catch fish.
Every autumn, local bottlenose dolphins (Tursiops
fruncates) herd schools of mullet tfoward a line of
waiting fishermen. These helpful creatures then use
specific head and tail slaps to signal the fishermen
to cast their nets. What exactly the dolphins derive
from this action is a ?nys’rery; the pod may be
leveraging the chaos to catch larger mullet with
less effort. The benefit to fishermen, however, is
much more obvious. Analogous to honeyguides,
cooperative fishing increases the frequency of net
casting, the volume of fish in each catch, as well
as the average size of the fish brought to shore [7].

Dolphins are well-known to be highly social
and intelligent creatures. Those in Laguna may be

[6] Spottiswoode, C. Honeyguide birds destroy own species’ eggs to eliminate competition (2013). Cambridge
Research Impact. Retrieved from http://www.cam.ac.uk/research/news/honeyguide-birds-destroy-own-

species-eggs-to-eliminate-competition

[7] Roman, J. Fishing with Dolphins — An astonishing cooperative venture in which every species wins but the
fish. Retrieved from http://www.slate.com/articles/health_and_science/science/2013/01/fishing_with_
dolphins_symbiosis_between_humans_and_marine_mammals_to_catch.html

[8] Greenfieldboyce, N. How Wild Birds Team Up with Humans to Guide Them to Honey (2016). The Salt.
Retrieved from http://www.npr.org/sections/thesalt/2016/07/21/486471339/how-wild-birds-team-up-with-

humans-to-guide-them-to-honey

mimicking learned cooperative
behaviour from each other and their
parents. Mother dolphins are often
observed pushing their young tfoward
the fish as encouragement. In turn, the
fishermen impart their fishing knowledge
to their children as a means to continue
the tradition.

As areas in Africa urbanise,
the fruitful relationship between
honeyguides and the Yao
people are being crowded
out. The availability of store-
bought honey and other
sugary goods means that
people depend less
on the honeyguide,
and the practice
of guiding is
slowly becoming
obsolete. The race is on to uncover
the evolutionary mysteries of this
peculiar mutualistic interaction
before it is too late [8].
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NOTh|n offers more relief than the

bite of a cold juicy cut of watermelon on a hot
summer'’s day. Yet, James Kennedy, a chemist
from Australia, claims that what appears to be
both natural and fresh in a watermelon, could not
be farther from the truth. The watermelon that
we have all come to know and love, has been
changed so significantly over the years, that it has
now arguably become a different fruit entirely [1].
Such alterations are not unique to watermelons; in
fact, most modern fruits have been manipulated
and domesticated to suit our tastes.

Farmers have selectively bred desirable
fruit traits for many centuries. Fruits are
essentially the protective vehicle for
seed development and dispersal.
However, unpredictable changes
in weather can significantly vary
the amount of harvest [2]. Thus,
selectivity helps to maintain harvest,
in addition to the obvious result of
breeding the sweetfest and largest
fruits. Farmers may also want to conftrol
the production of the fruit breed without
infroducing genetic variation, so as to
ensure consistent quality in their products.

Selectivity is achieved through parthenocarpy,
which refers to the production of fruit without
fertilisation of ovules, leading to seedless fruits.
Killing two birds with one stone, it is also a desirable
alternative method for producing fruits that
naturally contain hard seeds, such as grapes,
oranges and bananas, for easier consumption.

Occasionally, parthenocarpy
occurs from natural mutation.
When this serendipitous act
of nature occurs, farmers can
propagate the mutated

plant by cufting or
grafting. After cutting

a section of the plant,

the ends are dipped

in root hormone and
grown intfo a new plant.

Alternatively, grafting

involves cutting a part

of the plant and growing
it on top of the living
roots of another plant [3].
Parthenocarpy can also be

artificially induced using incompatible pollen for
fertilisation, such as the crossing of a diploid with
a tetraploid parent. The resulting offspring has
an imbalanced chromosome number, making it
sterile and unable to produce seeds [4].

The major disadvantage to breeding seedless
fruits is the reduction in the diversity of cultivated
fruits, leading to a higher susceptibility to pests
or diseases, which could wipe out all of these
genetically identical clones. Such was the
case in 1965, when the fungal Panama disease

cCG TATC}

infected most of the world’'s commercial banana
plantations that grew a common banana species.
The banana industry rapidly scrambled to
replace the infected species with an alternative,
Cavendish cultivar, which was immune to the
disease. However, in 1990, a new strain of disease
emerged in Asia and had spread to the African
continent, threatening local African banana
varieties, including the Cavendish banana [5]. The
Food and Agriculture Organisation of the United
Nations (FAQ) is urging a global effort in raising
awareness of the disease among banana farmers
and implementing preventative measures to keep
its spread in check.

It has been argued that fruit seeds possess
the highest nutritious value, and consumers are
losing out on nutrients. For instance, sprouted
watermelon seeds are packed with protein,
vitamin B, magnesium and healthy fats [1]. In any
case, it is fair to say that while science makes
our lives more convenient, tinkering with Mother
Nature often has its consequences, whether it is in
the form of diseases or fewer nutrients. Science just
has to evolve alongside if.
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— WHY ARE SOME BETTER AT IT

STreSS and anxiety are unfortunately

integrated into the lives of students and the
working population in Hong Kong. It does not take
a scientist to notice that certain students handle
stress a lot better than others. There are, in fact,
biological reasons for this and methods by which
one can improve their resilience to stress.

Resilience refers to a positive stress-coping
ability. A person is resilient to stress if they are
immune to the negative symptoms that stress
brings about, or are able to cope by recovering
quickly from traumatic experiences [1]. Resilience
is largely a product of one’s brain architecture and
its associated signalling pathways. Depending
on the effects exerted on the brain, stress can
be split info two categories: tolerable stress and
toxic stress. Tolerable stress is defined by stress that
one has resources to cope with and is easier to
adapt to and overcome. Toxic stress, on the other
hand, is overwhelming and can result in residual
psychological disorders such as depression or post-
tfraumatic stress disorder.

Brain cells have receptors for insulin and
insulin-like growth factor (IGF-1). Type Il diabetes
patients whose cells have impaired response to
insulin, experience similar structural changes as do
people who are stressed. While structural changes

References and further reading

THAN OTHERS?

By Raphaella So #%Z

in the brain can be reversed following a stress-free
recovery period, chronic activation of the stress
response can overload the system, deteriorating
the brain’s resilience to future stressful events.
The stress pathway is also inferconnected with
the inflammatory and metabolic systems, which
means that chronically stressed individuals are
at risk of developing secondary disorders such as
chronic inflammation, cardiovascular disease and
dementia.

Early childhood experience determines one’s
ability to cope with stress. In rats, lack of maternal
care impairs proper brain development, leading
to aversive behaviour in later life. Rhesus monkeys
that were raised by anxious mothers have been
documented to mimic chronic anxiety as well.
In humans, those from a lower socioeconomic
class, which generally increases the chances
of experiencing stressors, correlate with greater
emotional reactions when presented with stressful
images. They are also more likely to be diagnosed
with depression — consistent with the hypothesis
that they are less resilient.

In line with environmental factors, epigenetics
have been shown to influence one’s stress-coping
skills. Epigenetics refer to the changes in the
responsiveness of genes to external factors that

[11 McEwen, B. S., Gray, J. D., Nasca, C. Recognizing resilience: Learning from the effects of stress on the brain (2015). Neurobiology of Stress.
DOI: 10.1016/j.ynstr. Retrieved from http://www.sciencedirect.com/science/article/pii/S2352289514000022
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affect the way cells express genes. Such changes
can be incurred by maternal care or dietary
choices. Sometimes, certain repressive epigenetic
markers render stress-coping genes to be
unresponsive to environmental factors, causing the
individual to be more vulnerable to future stressors.
However, in others, epigenetic markers can cause
the release of a natural anfidepressant, providing
mental protection to the individual from stress.

On the other side of the nature versus nurture
debate, genetics play a significant role in
deftermining one's stress-coping ability. Gender,
which is both genetic and hormonal, also has an
impact. Male rats and female rafts, for example,
display different neuronal changes in response to
chronic stress. Application of an acute tail shock,
which is a stressor for rodent models, causes male
performance in a behavioural test to improve
and female performance to decline. Research
info human gender differences in dealing with
stress has shown that male and females approach
stressors using different strategies due to subftle
distinctions in brain structures.

Given the potential psychological and
physiological consequences of poor stress
resilience, one would be curious as to whether
the effects of stress on the brain’s architecture
is reversible. To some extent the structure can
be restored to resemble its original state after a
recovery period. Yet even after such a recovery,
there remain subtle but undeniable differences
between the stressed and unstressed brain. Thus,

stress-induced changes can be permanent; later
freatments only infroduce compensatory changes
tfo induce a healthy cognitive state. Certain
changes in gene expression may be irreversible.
Thus, it would be wise for one to take preventive
measures instead.

To improve stress-coping abilities and to guard
against toxic stress, certain activities known in
the literature as “top down" therapy, as opposed
to pharmacologic therapy could be adopted.
Regular exercise has been shown to improve
prefrontal cortex blood flow and increase
hippocampal volume, both of which are excellent
stress-copers. There is, in fact, a molecular
explanation for this phenomenon. As mentioned,
hippocampal neurons respond to insulin-like
growth factors (IGF1), which is triggered during
exercise. IGF1 exerts neurogenesis-promotion by
activating signalling pathways in the cell. A related
method is brain exercise — or infense learning
sessions. Training the cognitive system has also
been shown to increase hippocampal volume
in humans. Finally, positive social intferaction and
having purpose in life also produce similar stress-
coping benefits to regular physical activity.

Stress is an inevitable component of life.
Whether we can cope with it in a positive manner
is largely determined at birth and early childhood.
However, there are strategies with which we
can improve our resilience, therefore preventing
chronic stress from creating permanent footprints
on our mental and physical health.
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|ﬂ a society where 9 out of 10 people are
right-handed, the pain of being a lefty using
scissors catered toward the majority falls on
deaf ears. Rumours about lefties being brainier
or better artists are offset by the hypothesis that
they are more likely to be isolated or to suffer from
psychological disorders. In some societies, left-
handed individuals have even been historically
shunned, and believed to be malicious. While a
majority of humans are right-handed, handedness
in animals is a lot less studied. Other than a myth
about polar bears being left-handed (they're not),
it appears that aside from primates, the only other
animal with handedness is kangaroos. But how
exactly is handedness shaped in nature and why
does it exist?

Tracing back to our closest natural relatives,
primatologists confirmed that hand preference
exists in primates. For example, prosimians
(a type of primitive primate) tend to be left-
handed. Primates are close to us genetically and
are approximately 30 percent southpaws (left-
handed) [1]. While reasons for these patterns
have yet to be identified, leff-hnandedness has
undoubtedly been found in nature.

Explaining human preference for handedness
is complex. For instance, genetic makeup is not
the sole determinant of handedness. Identical
twins with the same genetic makeup have been
documented to have different preference for the
dominant hand, explained by differences in foetal
positioning in the womb [2]. Another explanation
suggests that preference is formed and influenced
by parents when they teach us how to use different
tools.

Our ancestors’ preference for handedness
is a question that requires more probing. Daniel

Abrams, Associate Professor in Engineering
Sciences and Applied Mathematics at
Northwestern University, suggests that aside
from genetics, on an evolutionary standpoint,
handedness is shaped by two types of pressure —
competitive and cooperative, and is responsible
for the 9:1 equilibrium between righties and lefties.
Lefties have an advantage over righties when it
comes to competitive sports or combat. Since they
are the minority, they instigate the surprise factor
and would be more prepared against opponents
who are right-handed. Evolutionarily, the group
holding an advantage would typically increase
in numbers until the advantage balances out,
known as competitive pressure. However, Abrams
explains that "“human evolution has been shaped
by cooperation, as well as competition”, as seen
in tool-sharing, where tools are created catered
toward the maijority — right-handers. This is known
as cooperative pressure [3].

Handedness in animals is much less common.
However, recent studies have shown that
kangaroos and wallabies were found to exhibit
handedness in comparison with other marsupial
animals (animals found in Australia such as koalas).
They suggest that animals which walk on four legs
require both “hands” to execute daily actions,
whereas kangaroos and wallabies are bipedal,
much like humans [4].

While handedness exists prominently in
humans, and much less so in animals, it should
be noted that handedness is a spectrum. Most
people have a preference for the left or right
hand, but some are ambidextrous, and able to
perform equally well with either hand for various
activities. Further study info handedness has the
potential fo reveal the evolutionary secrets of the
human race [4].
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Finding the Straws [
iNn the wind N

— Interview with

Professor Lo Yuk Ming, Denrns

M O d e rn diagnoses have been 1P ’,

made easy in a number of ways and Hong
Kong's own scientists have made tfremendous
contributions. Prof. Lo Yuk Ming, Dennis, Director
of the Li Ka Shing Institute of Health Sciences at
the Chinese University of Hong Kong, is an expert
in diagnostic applications of blood plasma.
He developed a simple, non-invasive blood
test that checks for a slew of prenatal diseases
through examining foetal DNA in maternal blood
plasma, as opposed to blood cells. The method
boasts nearly 100% accuracy and is much safer
compared to older methods.

The prenatal diagnostic was discovered when
he found that a foetus will release DNA into the
plasma of the mother. Previous scholars had
suggested testing foetal DNA through blood cells,
but Prof. Lo explained that blood plasma contains
a significant proportion of foreign DNA — such
as that from a foetus, placenta or even cancer.
His idea was first proven by the discovery of DNA
fragments of a male foetus in maternal plasma.
By analysing the DNA fragments, the gender,
blood type and abnormalities are able to be
determined.




He believes that his successful career can be
atftributed to his ability to read between the lines
and to make connections between seemingly
unrelated matters.

“I have found that I could apply knowledge or
skills obtained from one field and
use them in another”.

After reading papers that described the
presence of cancer DNA in the plasma of patients,
he realised that foetal DNA could likewise be
present in maternal plasma. I thought that a
foetus growing inside the uterus of its mother has
similarities fo a tumour growing in a patient”.

The impact of this technology has been far-
reaching. Prof. Lo’s test has been used on more
than a million pregnant women through a simple,
non-intrusive procedure of blood drawing. His
commercial success is far and in between in Hong
Kong's culture, which is not particularly conducive
to the development of science and technology.
However, Prof. Lo is confident that the local climate
has been improving for technology start-ups,
allowing for scientific research to reach the larger
masses. With the support of infrastructure such as
Hong Kong Science Park, he concluded:

“What we need now
is a few success stories to show young people
that Hong Kong indeed has
a technology future,”

Prof. Lo and his team are currently working on
the next step in diagnostics. Blood plasma can
potentially be used to screen for cancer in patients
who do not show symptoms. With cancer being the
number one cause of death in many parts of the
world, including Hong Kong, it goes without saying
that this work is paramount. Moreover, the amount
of cancer DNA and the death rate of the patient
are closely correlated, providing a quantitative
and more accurate method to peg the severity of
the cancer. Detecting cancer early significantly
improves the survival rate. The technology also
has the potential to provide more accurate and
appropriate administration of treatment.
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A I n g s one of life's inevitable certainties, has been a hot topic of research for a number
of years. From the obvious fabled stories promising the elixir of life fo the questionable anecdotes of
individuals who swear by supplements or regimens, anti-aging has always appeared to be a wild goose
chase. But now, scientists may be closer than they have ever been to identifying anti-aging agents.
Stanford University's Prof. Tony Wyss-Coray has laid a milestone in the search by what is known as blood
rejuvenation.
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Prof. Wyss-Coray began his research career in 1993 at the prestigious Scripps Research Institute in La
Jolla, California. His initial studies involved work on Alzheimer’s and other dementia related diseases,
which led to a faculty position at Stanford University. Prof. Wyss-Coray suspected that blood might
hold the answer to diagnose Alzheimer's before it manifested its symptoms and the analysis produced

inferesting results in protein level discrepancies with aging, setting the premise for antfi-aging blood
freatment.

Although the idea sounds medieval, it is far from it. Elegant and straightforward, it involves
treating old mice with young mice blood and vice versa via blood transfusion. In an initial attempt to
identify blood-based protein biomarkers for Alzheimer’s disease, Prof. Wyss-Coray and his research
group found that the biggest fluctuations in profeins occurred due to aging, rather than to a
specific disease. As a result, they demonstrated that old mice treated with young blood showed
marked growth of brain cells from the hippocampus. More surprisingly, old mice blood on young
mice also had effects of delaying their growth of brain cells, deeming them to be biologically
older than they were in reality.
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As humans age, the connections between neurons deteriorate, causing neurodegenerative
diseases. Subsequent studies revealed that these proteins also participate in other biological
pathways including inflammation and repair. Inspired by past research that showed blood
rejuvenation could rejuvenate muscles and the pancreas, Professor Wyss-Coray turned
to the brain, the most complex and important organ, ultimately showing that blood
rejuvenation could produce the same rejuvenating effects on brains as on other organs.

Research in aging does not come without its difficulties. Their studies indisputably lie
slightly outside of the box and garner a healthy amount of scepticism, meaning that the
biggest challenge they have encountered is seeking funding. Any inkling of promising
data that they have published has also been clamoured for by patients or people
who wish to extend their lives. “Since we have no clinical evidence yet that our
findings can be applied to humans, | keep having to tell these people that
they have to wait for many more years until clinical trials show efficacy”.

Tests done on mice could take years, let alone on humans. The entire
process would begin from the breeding of lab mice for the specific studies
and then waiting for them fo be mature. A lab mouse's lifespan is typically

between two to three years. Thus aging research takes much longer to
obtain results than other types of research.

If their findings on the malleability of mice brains can be
franslated to humans, young plasma could have applications
beyond aging, such as in wound healing. “For any of these,

clinical studies would have to be done and those are

expensive”. The team is currently attempting to identify
“rejuvenating factors” to understand which tissues
produce them and their communication pathways
with the brain.

“In the long term, we want to use fractions of
plasma or find individual factors which could be
more potent and treat more people,”

Professor Wyss-Coray said.

— ““an
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of Anti-Aging Technology

— Interview with Professor Tony Wyss-Coray
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