Issue 16 | January - March 2020

ASIAN
GENOMES
IN THE
SPOTLIGHT
Capturing Asia's
genomic diversity
page 22

WILD WILD
WETTABILITY
Scrutinizing surfaces
and surface tension
page 04

DESIGNING TODAY’S CITIES
FOR TOMORROW’S CHALLENGES
How simulations facilitate urban planning
page 42

Contents

Issue 16 | January-March 2020

www.research.a-star.edu.sg

EDITORIAL
03

Notes from the editors

A*STAR Research is a publication of the
Agency for Science, Technology and
Research (A*STAR) — Singapore’s lead
government agency for fostering world-class
scientific research.

The Agency for Science, Technology and Research (A*STAR)
is Singapore’s lead government agency dedicated to
fostering world-class scientiﬁc research and talent for a
vibrant knowledge-based economy.

A*STAR Research is published quarterly,
presenting research highlights and feature
articles. All articles are first published
online on the A*STAR Research website and
available free to all readers. Register online to
receive our monthly e-newsletter by email.

A*STAR actively nurtures public-sector research and
development in biomedical sciences, physical sciences and
engineering, and spurs growth in Singapore’s key economic
clusters by providing human, intellectual and industrial
capital to our partners in industry and the healthcare sector.

22

© 2020 Agency for Science, Technology
and Research. This publication may be
reproduced in its original form for personal
use only. Modification or commercial use
without prior permission from the copyright
holder is prohibited.

A*STAR currently oversees the following research institutes,
consortia and centers and supports extramural research with
universities, hospital research centers, and other local and
international partners:

08

Machine Learning: Decoding brain waves with
machine learning

09

Machine Learning: Multilingual machines one
step closer to reality

10

Robotics: Giving robots the human touch

A*STAR Research is published for A*STAR
by the custom media publishing unit of
Wildtype Media Group Pte Ltd.

Advanced Remanufacturing and Technology Centre (ARTC)
Bioinformatics Institute (BII)
Bioprocessing Technology Institute (BTI)
Experimental Power Grid Centre (EPGC)

EDITO R I AL

Genome Institute of Singapore (GIS)

Agency for Science, Technology and Research
1 Fusionopolis Way, #20-10 Connexis
North Tower Singapore 138632, Singapore

Institute for Infocomm Research (I²R)

Institute of High Performance Computing (IHPC)

Editorial Board

Huck Hui Ng

Institute of Materials Research and Engineering (IMRE)

Colin Stewart

Institute of Medical Biology (IMB)

Keith Carpenter

Institute of Microelectronics (IME)

RESEARCH HIGHLIGHTS

04

12	
Deep Learning: Helping driverless cars see red
(and green and amber)

Wild wild wettability

13	
Digital Health: Going deep into the science of
sleep
14	
Digital Health: A snappy way to track wound
healing
16

Neuroscience: A leg up for neuroscience

17	
Immunology: Why hepatitis B hits some harder
than others
18	
Immunology: Targeting TRIM21 for stronger, safer
vaccines
19	
Immunology: Classifying and counting immune
cells with an app

Institute of Molecular and Cell Biology (IMCB)

Patrick Cozzone

National Metrology Centre (NMC)

Reginald Tan

Singapore Bioimaging Consortium (SBIC)

20

Immunology: How to maim a virus without killing it

Nicolas Plachta

Singapore Immunology Network (SIgN)

21

Immunology: Revisiting the antiviral role of
Viperin

26

Infectious Disease: Finding the ‘fingerprints’ of
the Zika virus

27

Infectious Disease: The long and short of virus
genomes

Arseniy Kuznetsov
Florent Ginhoux

Singapore Institute for Clinical Sciences (SICS)

Managing Editor

Kevin Chong

Singapore Institute of Manufacturing Technology (SIMTech)

Administrative Assistant

Lay Hoon Tan

Skin Research Institute of Singapore (SRIS)

ISSN 2010-0531

Asian genomes in the spotlight

42	Designing today’s cities for tomorrow’s challenges

Institute of Chemical and Engineering Sciences (ICES)

David Lane

David Wu

04	Wild wild wettability

Institute of Bioengineering and Nanotechnology (IBN)

Editor-in-Chief

Chandra Verma

FEATURES

22

Asian
genomes in
the spotlight

42

Designing
today’s cities
for tomorrow’s
challenges

Contents
28

 icrobiology: Figuring out the fungi that live on
M
and inside us

29

 kin Biology: Acne problems are more than skin
S
deep

30

 kin Biology: Mouse over to learn more about
S
eczema

32	
Skin Biology: How vitamin B3 keeps skin smooth

Issue 16 | January-March 2020

14

NOTES FROM
THE EDITORS

Digital Health:
A snappy way
to track wound
healing

33	
Molecular Biology: One gene, many targets
34	
Transcriptomics: How promoters predict patient
outcomes
35	
Cancer Biology: Out for blood in the fight against
cancer
36	
Cancer Biology: Targeting cancer from the inside
out
38	
Cell Biology: Advanced microscopy catches cells
going out on a limb
39

30

 kin Biology:
S
Mouse over
to learn more
about eczema

36

Cancer Biology:
Targeting
cancer from
the inside out

 etabolic Disease: Getting to the roots of earlyM
onset diabetes

40	
Nanotechnology: Precise and printable silicon
nanoparticles
41	
Statistics: The P value is dead, long live the
estimation plot

48	
Catalysis: Cracking the code of better catalysis
49	
Lasers: Laser heat keeps steel strong
50	
Electronics: Bigger, better conductive crystals a
boon for electronics

NEXT ISSUE
52

A sneak peek of Issue 17

46

Photonics:
UV-based anti-counterfeiting in the limelight

Issue 16 | January - March 2020

ASIAN
GENOMES
IN THE
SPOTLIGHT
Capturing Asia's
genomic diversity
page 22

WILD WILD
WETTABILITY
Scrutinizing surfaces
and surface tension
page 04

www.research.a-star.edu.sg

ISSUE 15 July–December 2019

51	
Simulation: Lowering the cost of louver
simulations

A

sources. Integrating
information from an
array of sensors, satellite
images and blueprints
is a major challenge,
one that A*STAR’s
scientists are tackling
with their Integrated
Environmental Modeler.
In ‘Designing today’s
cities for tomorrow’s
challenges (p. 4 2),’
we highlight how
the comprehensive
simulation platform helps
in shaping Singapore’s
cityscape, ensuring that
urbanization does not
compromise livability on the island nation.
Moving from the macro scale to the
micro scale, our feature story ‘Wild wild
wettability (p. 04)’ touches on the tiniest
interactions between fluids and surfaces. By
precisely manipulating those interactions,
our researchers are developing solutions
for a range of industries, allowing for
greater productivity and environmental
sustainability.
In this issue, you’ll also find insights
into machine learning, digital health,
immunology, infectious disease and much
more. For our latest stories, do visit us at
our website: research.a-star.edu.sg, or
follow us on Twitter at @astar_research
and LinkedIn at A*STAR Research.
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lmost 6 0 percent of
the world’s population
resides in Asia, where
urbanization is proceeding
at an incredibly rapid
pace. As Asian countries
develop, healthcare challenges like
diabetes, cardiovascular disease and
cancer—once thought to be confined to
first-world countries—are now becoming
commonplace throughout the region.
Yet, the risk factors underlying health
and disease remain poorly understood
among Asian populations. Given the
genetic diversity of the people living in Asia,
there is a need to tailor predictive health
models, diagnostic tools and interventions
to the region’s inhabitants.
For a start, scientists at A*STAR’s
Genome Institute of Singapore (GIS), in
collaboration with other researchers and
clinicians, have embarked on a massive
undertaking to sequence the genomes of
10,000 individuals from Asia. In their paper
published in Cell, they reported that nearly
5,000 genomes have been sequenced in
subjects representing 80 percent of Asia’s
diversity. Their findings shed light on the
ethnic origins of the region’s peoples and
blaze a trail for precision medicine. Learn
more in our cover story, ‘Asian genomes
in the spotlight (p. 22).’
Meanwhile, to direct urbanization in
Asian cities, governments are increasingly
reliant on data, often from disparate
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Asians are underrepresented in
global health studies, especially
when it comes to the availability
of Asian genomic data. Find out
how A*STAR scientists are filling
this knowledge gap (p. 22).
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A*STAR scientists have developed strategies to
manipulate surface tension in fluids and modify
the surface properties of materials. Their findings
could increase the yield of crude oil from oil wells
and lead to super water- or oil-repellent surfaces.

W

hat do dishwashing liquid and
non-stick pans have in common?
Besides the fact that one is used
to clean the other after a cooking
session, both household items
derive their usefulness by affecting
the physical properties of fluids and the surfaces those
fluids come into contact with.
Dishwashing liquid strips oil from surfaces because
its chemical makeup consists of one water repellant
(hydrophobic) group which binds preferentially to oil,
and one ‘water-loving’ (hydrophilic) group which binds
preferentially to water. This effectively reduces the
surface tension of oil, allowing it to be rinsed off easily.
On the other hand, non-stick pans are typically coated
with a material known as polytetrafluoroethylene—better
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known as Teflon—which is extremely hydrophobic.
Virtually anything slides off Teflon-coated surfaces
because the adhesive forces between Teflon and many
other materials or molecules are almost negligible.
Surfactants like dishwashing liquid and materials
like Teflon have other uses beyond mundane household
chores. In fact, they are involved in a whole range of
industrial processes, including the extraction of crude
oil and the prevention of fouling in biomedical devices.
To meet such diverse industrial needs, A*STAR scientists
are constantly exploring novel materials and techniques
for modifying how fluids interact with each other and
with surfaces.

CLUES FROM NATURE
While human ingenuity has been the source of many
synthetic methods to control the way oil and water
interact, nature is often a greater inventor, as Nanji
Hadia, a Research Scientist at A*STAR’s Institute of
Chemical and Engineering Sciences (ICES), discovered.
Working on the problem of crude oil extraction,
Hadia was looking for more environmentally friendly
ways to recover residual oil in reservoirs. “In most oil

reservoirs, a large amount of oil remains unrecoverable
because it is stuck in the micron-scale pore throats of
reservoir rocks,” said Hadia. “Capillary forces are a key
factor which holds back the oil in these tiny pore throats.”
To maximize the amount of crude oil that can be
recovered from each oil well, the oil industry has developed
an approach known as enhanced oil recovery. “One type
of enhanced oil recovery involves the use of surfactants
to overcome the capillary forces holding the oil in place
and allow oil and water to mix into emulsions which can
then flow more easily through the pores," Hadia said.
However, many existing synthetic surfactants
include sulfates and sulfonates which are not always
biodegradable and pose environmental concerns. “Because
of increasingly stringent environmental restrictions, it is
a priority for the petroleum exploration and production
industry to move towards green surfactants,” Hadia
noted.
Hadia therefore decided to take a leaf out of nature’s
innovation handbook, collaborating with his colleague
Christoph Ottenheim to obtain natural surfactant-like
molecules produced by bacteria, also called biosurfactants.
Two types of biosurfactants have been widely studied
in the context of enhanced oil recovery: glycolipids,
which are fat molecules with a sugar chain attached to
them; and lipopeptides, fat molecules with a short chain
of amino acids (the basic building blocks of proteins)
attached to them.

TAKING TENSION AWAY
In their study, Hadia and Ottenheim focused on a
lipopeptide called surfactin, produced by the Bacillus
family of bacteria¹. “Surfactins are known for their ability
to drastically reduce the interfacial tension between
oil and water,” Hadia said. But producing surfactins in
sufficiently large amounts without incurring astronomical
costs remains a difficult problem to solve and is a major
consideration for the oil production industry.
Currently, surfactin is obtained by fermentation,
whereby Bacillus are provided with a specific mix of
nutrients and kept under precise pH, temperature
and aeration conditions that favor surfactin synthesis.
“In our case, we used Bacillus subtilis 22.2 strains and
allowed them to ferment a nutrient broth overnight at
30oC,” Ottenheim explained. The fermentation product
contained a mixture of surfactins, with a yield below
1 g/L of broth.
Evaluating the effect of their surfactin mixture on
two stock tank crude oils, the researchers found that
a low surfactin concentration of 0.025% was able to
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reduce the interfacial tension of both oils by a hundred
to a thousand-fold, thereby facilitating the formation of
oil-in-water emulsions. This in turn allows oil to flow
easily from pore throats.
To better mimic the real-world conditions under
which the surfactin mixture would have to perform,
Hadia’s team also carried out coreflooding experiments
by trapping oil in Berea sandstone, a natural porous
sandstone material, then trying to recover the oil. “We
were able to recover 1.5-5% more oil by injecting 0.1%
surfactin solution into the rock samples [as compared
to when surfactin was not used],” Hadia said.
Part of this improvement could also be attributed
to the fact that surfactin changed the wettability of the
rock samples to make them more water-wet (in the same
way that dishwashing liquid works), allowing the oil to
be flushed out with water. Taken together, surfactins
represent a feasible and environmentally friendlier
solution for enhanced oil recovery in the petroleum
industry, Hadia noted.

The ability to tune surface wettability is just as useful
outside the field of oil recovery. For example, in
microfluidics, which involves liquids passing through
very tiny channels, the wettability of those channels
significantly influences how liquids flow inside them,
or whether biological cells can adhere to the channels’
surfaces for organ-on-chip purposes.
Instead of applying a coating (like Teflon or surfactin),
another strategy to modify surface wettability is through
the use of lasers. Researchers led by Zhongke Wang,
a Research Scientist at A*STAR’s Singapore Institute
of Manufacturing Technology (SIMTech), have used
laser irradiation to precisely control the wettability of
polycarbonate, a type of plastic that is transparent and
biocompatible².
“So far, most of the existing techniques can only
increase or decrease the wettability of polycarbonate, but
not tune the wettability both ways,” Wang said, adding

After surfactin
injection

Surfactins break up the surface
tension of trapped oil droplets,
resulting in smaller droplets that
are easily flushed out from the
porous sandstone. This increases
oil recovery from the reservoir.

Oil
Oil

Oil

Surfactins also
increase the
wettability of the
porous sandstone
surface, facilitating
oil release.

Oil

Oil

Before surfactin
injection

Oil
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sandstone
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Oil
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that current methods also lack the flexibility to create
arbitrary contact angles between polycarbonate surfaces
and liquids. A contact angle of more than 90o means that
a surface is hydrophobic, whereas a contact angle of less
than 90o indicates that a surface is hydrophilic. In other
words, a hydrophilic surface has a higher wettability than
a hydrophobic one.
Using a femtosecond laser, so called because it emits
ultrashort pulses of focused light, Wang’s team was able to
make polycarbonate surfaces hydrophobic or hydrophilic
to varying extents, depending on parameters such as
laser intensity, the number of laser pulses applied and
the scanning speed of the laser.
For example, a high scanning speed of 0.5 mm/s with
a pulse number of 60 resulted in a contact angle of more
than 150o between polycarbonate and a 0.5-mm water
droplet, which means that the polycarbonate became
superhydrophobic. On the other hand, a lower scanning
speed of 29 mm/s with fewer pulses resulted in a contact
angle of less than 5o, indicative of a superhydrophilic surface.
“The changes in chemical bonds on the polycarbonate
surface as a result of different laser irradiation conditions
determine the wettability of the laser-scanned surface. Polar
groups induced by laser irradiation resulted in a hydrophilic
surface, while non-polar groups induced by laser irradiation
resulted in a hydrophobic surface,” Wang explained.

SEEKING SYNERGIES
Having demonstrated that the polycarbonate surface is
chemically and physically altered by the femtosecond
laser, the researchers wanted to test the stability of the
surface properties in the context of microfluidics. In
microfluidics, ultrasonication—the application of highfrequency sound waves—is commonly used to rinse out
the tiny channels in the presence of water or chemicals.
Wang’s team found that the roughness of hydrophobic
surfaces was increased by ultrasonication with water

and ethanol. In contrast, the roughness of hydrophilic
surfaces was decreased. The researchers also noted that
the hydrophobicity and hydrophilicity of the laser-treated
polycarbonate surfaces decreased upon ultrasonication
with water and ethanol.
“We think that there are two possibilities for the change
in surface wettability post-treatment: ultrasonication could
have dislodged debris from the laser-treated surfaces, or
ultrasonication may have resulted in additional changes
to the chemical bonds on the polycarbonate surface,”
Wang explained. He added that future experiments using
X-ray photoelectron spectroscopy will be needed to clarify
whether changes to the chemical bonds have indeed
occurred after ultrasonication.
The findings from Wang’s work may have implications
for Hadia’s research since microfluidics is useful for
flow visualization on a very small scale. “In the case
of enhanced oil recovery studies, microfluidics helps
researchers understand the displacement of one fluid
by another in a glass microfluidic chip containing a pore
network that represents a porous rock sample,” Hadia
said. Hence, while Wang and Hadia may be studying
different problems, their research fields subtly overlap
and generate synergies.
Both scientists also offer different approaches to
surface modification, be it through chemical means
(coating with surfactin) or physical methods (lasers). Their
discoveries pave the way for greater efficiency and reduced
environmental impact of industrial processes, exemplifying
how research and development can produce nifty solutions
for some of society’s most challenging problems.
1.

Hadia, N. J., Ottenheim, C., Li, S., Hua, N. Q., Stubbs, L. P., and Lau, H.
C. Experimental investigation of biosurfactant mixtures of surfactin
produced by Bacillus Subtilis for EOR application. Fuel, 251 (2019),
789-799

2. Chen, G., Wang, Z. K., Zheng, H. Y., Thwe, A. M., Lam, Y. C.
Investigation on polycarbonate surface wetting property with
femtosecond laser irradiation and ultrasonic treatment. Optics & Laser
Technology 115 (2019), 316-324
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Decoding brain waves
with machine learning
A machine learning technique developed by A*STAR
scientists could help patients with locked-in syndrome
communicate via brain-machine interfaces.

08
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could help ALS patients communicate
with their loved ones using the patients'
brain waves alone. The research is carried
out in collaboration with the National
Neuroscience Institute, Singapore.
“The effectiveness of control and
rehabilitation for patients who have lost
motor function relies on the classification
accuracy of motor imagery,” said Tao Yang,
a Research Scientist at I²R, explaining that
motor imagery refers to brain wave patterns
associated with certain movements
imagined by the patient. For instance, the
intention to produce a movement to the
right generates brain wave patterns distinct

www.research.a-star.edu.sg

ABOVE
Machine learning, applied to the interpretation of
brain wave patterns, could result in better brainmachine interfaces.
1. Yang, T., Selvaratnam, T., Ang, K.K., Phua, K.S.,
Toh, V., et al. Image-based Motor Imagery EEG
Classification using Convolutional Neural Network.
IEEE EMBS International Conference on Biomedical
& Health Informatics (2019).

Multilingual machines
one step closer to reality
A*STAR researchers have devised a machine learning
strategy that can be applied to translation and other
complex classification problems.
In a globalized world, language differences
represent some of the final barriers to
information transfer. Although software
like Google Translate has recently emerged
to narrow those differences, anyone who
has used machine-mediated translation
will acknowledge that the conversion of
text from one language to another remains
imperfect.
For a machine to perform translation
effectively, it must be able to map the
vocabulary and grammatical rules of one
language onto another language. This
requires a technique known as transfer
learning. “Early transfer learning algorithms
focused on homogeneous domain
adaptation, which assumes that the source
domain has very similar features to the
target domain. While this approach has
been useful for understanding texts in the
same language, it is inefficient for crosslanguage classification,” explained Joey

Photo credit: Jackie Niam / Shutterstock

The idea of connecting the human brain
to a computer may sound like the stuff
of science fiction, but the technology to
enable it is already being developed in
laboratories today. If successfully deployed,
brain-computer interfaces (BCIs) could
restore the quality of life for patients with
disabilities such as amyotrophic lateral
sclerosis (ALS).
A neurodegenerative disease, ALS robs
patients of their ability to move or speak,
even as full cognition and consciousness
are retained. At the A*STAR Institute
for Infocomm Research (I²R), scientists
are working towards creating BCIs that

MACHINE LEARNING

Photo credit: Cienpies Design / Shutterstock

MACHINE LEARNING

from those representing a movement to the
left. A computer must be able to distinguish
the two and execute this movement
faithfully.
“Poor classification accuracy leads to
incorrect feedback to the users, limiting
the application of motor imagery-based
BCIs,” Yang said.
The group hypothesized that machine
learning could be used to better interpret
motor imagery data. They developed a
convolutional neural network—so called
because it mimics the way the human
brain processes information—and applied
it to recordings of brain wave patterns
of a patient with locked-in syndrome, a
condition which can result from ALS¹. The
recordings were taken during an activity
which required the patient to mentally
move a cursor in a specified direction.
“Using our technique, we discovered
that brain wave patterns occurring at
 Hz and lower—known as the Delta band
in electroencephalography—enhanced the
classification accuracy of motor imagery
analysis to above 60 percent on average,”
said Yang. Delta band signals are commonly
overlooked in motor imagery analysis
owing to their association with sleep, he
added.
While these initial results are promising,
Yang acknowledges that a lot more work
is needed before their method can be
applied to motor imagery-based BCIs.
“More data sets are required to test the
proposed convolutional neural network
architecture,” he pointed out. “Combining
the image-based representation approach
with a long short-term memory (LSTM)
technique would also allow us to better
discover the spatial and temporal aspects
of electroencephalography signals.”

Zhou, a Group Leader at A*STAR’s Institute
of High Performance Computing (IHPC).
Compounding the problem is the fact
that although there are extensive and wellannotated datasets for the English language,
the same cannot be said for other languages,
such as Spanish or Vietnamese. To deal
with the disparity in features between two
languages, as well as imbalances in the

“Our algorithms could
analyze sentiments in
actual product reviews
and classify document
topics in either English,
German, French or
Japanese.”

availability of annotated language datasets,
a heterogeneous domain adaptation
approach for transfer learning is needed.
Zhou’s team thus developed an
algorithm that explores the underlying
structures of a source and a target
language, then matches each foreign word
with just a few English words, reducing the
complexity of mapping features between
the two languages¹.
Next, the researchers built in a
constraint that optimizes the learning
algorithm by having it ignore less important
features. They also used error-correcting
output codes to enable the algorithm to
rectify errors and arrive at accurate final
predictions of word matches, allowing for
more robust cross-language classification.
The team then applied their algorithms
to real-world translation scenarios. “For
example, our algorithms could analyze
sentiments in actual product reviews and
classify document topics in either English,
German, French or Japanese,” Zhou said.
Beyond the realm of translation, the
researchers’ technique can also be used to
categorize text content. “Our algorithms
outperformed six state-of-the-art baseline
artificial intelligence methods in correctly
classifying a collection of BBC News
articles into six pre-defined topics, with
the best algorithm typically exceeding
70 percent accuracy even when working
on a different language from the one it
was trained on,” he shared.
Moving forward, the team intends
to integrate deep learning features from
state-of-the-art language models into
their algorithms, further improving
their speed and performance. With these
developments, seamless computerized
translation could become a reality sooner
rather than later.

LEFT
Mapping the features of one language onto another is a
complex computational problem.
1. Z
 hou, J. T., Tsang, I. W., Pan, S. J., and Tan, M. Multiclass Heterogeneous Domain Adaptation. Journal
of Machine Learning Research 20(57), 1-31 (2019).
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ROBOTICS

Giving
robots
the human
touch

distinguish different textures by touch.
“Touch is performed in a two-stage
fashion,” said Wu. In the first stage,
contact results in an initial conjecture
of some coarse properties of a surface.
This is then followed by sliding, during
which finer details are sensed through
gentle rubbing of a surface. Temporal
signals also play an important role in
this sensing, he added.
Thereafter, robots must learn
to associate certain tactile signals
with particular types of surfaces. To
facilitate tactile learning, the group
applied a combinatorial machine
learning approach, relying on both
convolutional neural networks (CNN)
and long-short-term memory (LSTM)
methods.
In essence, when their robot
touches a surface, a tactile map
loosely equivalent to a camera image
is generated, accompanied by time
sequence information. The CNN
analyzes the ‘image’ data while the

Researchers at A*STAR
have designed a hybrid
machine learning model to
enhance touch capabilities
in robots.
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BELOW
The iCub robot collects tactile data with its forearm
and can interpret up to 23 different textures.

Texture identification
in robots
Step 1:
Contact with
object surface
Coarse details of
surface texture

Step :
Sliding and gentle
rubbing motion
Fine details of
surface texture

Step 3:
Analysis of
texture data and
time sequence
information

Step 4:
Texture
classification and
recognition
Photo credit: Andrey_Popov / Shutterstock

Search and rescue operations are reliant
primarily on humans and trained animals.
However, these rescuers are often
hampered by hazardous conditions such
as unstable structures, poor lighting or
bad weather. This can lead to a loss of
valuable time, with implications for the
success of rescue efforts.
One way to overcome such limitations
is to use robots instead. In such
applications, a robot’s ability to distinguish
textures—for instance, between human
skin, fabric, concrete and metal—is
critical.
Scientists at the Institute for Infocomm
Research (I²R), in collaboration with
the National University of Singapore
and Nanyang Technological University,
Singapore, have since developed an
approach to equip robots with sensitive
touch capabilities¹. They presented their
findings in a paper at the 2019 International
Conference on Robotics and Automation.
Yan Wu, a Research Scientist at I²R and
a senior author on the paper, explained
that their system mimics the way humans

LSTM evaluates the temporal data
for patterns. Collectively, the hybrid
technique allows the robot to classify
each tactile signal into one of 23
different textures.
The researchers showed that
their CNN-LSTM architecture
outperformed prior state-of-the-art
machine learning techniques by as
much as 10 percent in terms of texture
classification accuracy.
Wu’s group is now looking into
improving this approach by expanding
the tactile dataset to include more
material surfaces. “This will allow
us to improve the robustness of the
architecture and help build an open
database for the research community
to work on common problems and
benchmark their solutions against
ours,” he said.

Photo credit: © 2020 A*STAR Institute for Infocomm Research

1. T
 aunyazov, T., Koh, H. F., Wu, Y., Cai, C., Soh, H et al.
Towards Effective Tactile Identification of Textures
using a Hybrid Touch Approach. 2019 International
Conference on Robotics and Automation.
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Helping
driverless
cars see red
(and green
and amber)
High dynamic range
imaging combined with
deep learning approaches
could improve the ability
of autonomous vehicles to
recognize traffic lights.

12
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1. Wang, J. G. and Zhou, L. B. Traffic light recognition
with high dynamic range imaging and deep
learning. IEEE Transactions on Intelligent
Transportation Systems 20, 1341-1352 (2019).

DIGITAL HEALTH

Going deep into the
science of sleep
A*STAR researchers have developed a deep
learning method to more accurately measure
sleep duration and quality.
If you wake up tired, it’s easy enough to
deduce that you’ve had a bad night’s sleep.
But measuring one’s sleep patterns in more
detail usually requires polysomnography,
which involves trying to fall asleep in a sleep
clinic or hospital bed while wired up to
sensors for heart rate, blood oxygen, body
movement and other vital signs. Recording
and understanding sleep patterns are vital
for physical and mental health, especially
for those suffering from sleep disorders,
but polysomnography is cumbersome and
expensive.
Now, researchers at A*STAR’s Institute
for Infocomm Research (I²R), in collaboration
with McLaren Applied Technologies, have
combined wearable sensors and machine
learning techniques to devise an alternative

Photo credit: dedi57 / Shutterstock

ABOVE
For autonomous vehicles to navigate safely on roads,
they must be able to identify and interpret traffic
light signals.

Safety is of the utmost importance when
it comes to allowing autonomous vehicles
on roads. Besides knowing how to navigate
amidst other vehicles and pedestrians on
the road, self-driving cars must be able to
stop at traffic junctions. To do so, they
must first be able to recognize traffic lights
quickly and accurately.
To increase the sensitivity and speed
of present-day traffic light recognition
systems, scientists Jian-Gang Wang and
Lu-Bing Zhou from A*STAR’s Institute
for Infocomm Research (I²R) developed
a first-in-kind system that relies on deep
learning to analyze images from a high
dynamic range (HDR) camera¹.
“Current traffic light recognition
systems rely on traffic light pictures
derived from bright images. This could
generate false signals from mimickers
such as traffic signs, pedestrian clothing

and rear lights of neighboring vehicles
present in the same image,” said Wang.
The team thus used a dual-channel
HDR camera that captures images of
traffic lights in both high and low exposure
settings. Similar to how our eyes can
detect dimmer lights better in darker
conditions, the dark channel serves as
a filter for signals that could be falsely
interpreted as traffic lights. The images
taken at high and low exposure are then
recombined so that rich image textures
are retained.
“This process increases the overall
speed of traffic light detection by reducing
the number of light candidates that need
to be verified by a convolutional neural
network,” explained Wang, referring to
a method of deep learning useful for
analyzing visual data.
Going one step further, the researchers
included temporal trajectory analysis in
their traffic light recognition system,
which takes into account the relative
position and size of the traffic light
as a vehicle moves. Collectively, these
innovations resulted in a traffic light
recognition accuracy of more than 96
percent on average, across a range of traffic
light types and signals.
Compared to a state-of-the-art object
detection approach that uses only bright
images from a normal color camera, the
researchers’ HDR method performed
with greater precision, sensitivity and
speed. They report that their traffic light
recognition system has been integrated
into an autonomous vehicle and was
tested successfully on real roads.
Looking ahead, the team has plans to
extend the use of this system in detecting
vehicle signaling lights, and to test the
feasibility of using this system under low
light conditions, such as at night.

Photo credit: Yeti studio / Shutterstock

DEEP LEARNING

to polysomnography. Zhenghua Chen, lead
researcher on the team, notes that movement
sensors have become small and cheap enough
that people routinely wear them throughout
the day. As such, it should also be possible
to use these sensors to record sleeping and
waking through the night, then analyze
the data for health insights using machine
learning techniques.
“However, conventional machine
learning approaches for sleep-wake detection
require features of sleep-wake cycles to be
manually defined by an expert, and some
implicit features may be missed out,” Chen
explained. To address this problem, the team
developed a deep learning framework that
automatically distinguishes sleep and wake
phases based on accelerometer readings and

heart rate variability (HRV) measurements
derived from wearable devices¹.
The researchers first had to account for the
high sampling rate of accelerometer readings,
which creates many blocks of sequential
time series data. Instead of analyzing all
blocks at once, they applied a ‘divide and
conquer’ strategy, whereby the dataset is
broken into smaller segments and analyzed
for local features representative of sleep and
wakefulness. They then designed a ‘fusion
framework’ to merge accelerometer data
with HRV measurements to automatically
define and detect sleep-wake cycles.
“Representative features of sleep-wake
cycles can thus be automatically learned
without human intervention. Compared
with state-of-the-art methods, our approach
improves the accuracy of sleep-wake
detection by three to 19 percent. Hence,
better detection performance can be achieved
with our proposed method,” said Chen.
Going forward, Chen’s team plans to
further develop their deep learning technique
to identify more sleep stages, such as light
sleep, deep sleep and rapid eye movement
(REM) sleep. A finer understanding of sleepwake cycles could help identify and diagnose
many sleep disorders, said Chen.

“Compared with stateof-the-art methods, our
approach improves the
accuracy of sleep-wake
detection by three to 19
percent.”

LEFT
Sleep patterns have implications for health and disease,
yet being able to accurately record sleep-wake cycles
remains a challenge.
1. C
 hen, Z., Wu, M., Wu, J., Ding, J., Zeng, Z., et al. A
deep learning approach for Sleep-Wake Detection
from HRV and Accelerometer Data. IEEE-EMBS
International Conference on Biomedical and Health
Informatics (BHI) 2019.
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A snappy way to
track wound healing
Need to monitor how well a wound is healing?
There’s an app for that.
WHY THIS MATTERS
• B
 ecause wounds are irregular in shape, size and
depth, clinicians experience difficulty in tracking
the progress of wound healing in patients.
• T
 he use of rulers or measuring tape at a wound
site poses a risk of infecting the wound.

When Samuel Gan, Principal Investigator
at A*STAR’s Bioinformatics Institute (BII),
met a clinician friend a couple of years
ago at a Disability Tech Symposium in
Sydney, Australia, he was presented with
a thought-provoking question: is there
a better way to monitor the healing of
pressure wounds in patients with spinal
cord injury?
Currently, clinicians need to physically
measure the size of a wound, but because
the lesions often have irregular shapes,
estimating the progress of healing can
be tricky. To further complicate matters,
touching a wound with a ruler or
measuring tape might lead to infection.

Gan and his research group members
Weiling Wu and Kenneth Yong took the
lead to develop a mobile phone app that
allows users to estimate wound size simply
by taking a photograph of the wound¹.
The app is compatible with both Android
and Apple smartphones, making it highly
accessible for wound monitoring.
Fundamentally, the app relies on
algorithms that distinguish the wound
region from normal skin based on colors.
“Wounds are usually red to dark brown
in color, and our skin monitoring app
uses that to automatically determine
the wound borders,” Gan explained. To
ensure that wound area measurements
are not affected by the distance at which
the picture was taken, or the camera
resolution, the researchers photographed
a coin together with the wound.
“The coin serves as a standard in
terms of pixel numbers, allowing for
an accurate estimation of wound size.
Since the ratio of the pixel to the area of
the coin is automatically recalculated in
every image, the wound estimation would
be independent of whether the picture
is taken up close or from a distance,
and unaffected by the resolution of the
smartphone camera, which affects pixel
number,” he said.

The app can also store previous
image measurements, helping users to
view the wound size over time. “This
not only empowers patients to care for
themselves, but also helps clinicians who
rely on patient accounts for more accurate
information gathering on wound healing.”
Gan’s team has signed a memorandum
of understanding with Schülke & Mayr,
an international hygiene company, and
their clinical partners to validate the app
for tracking wounds in clinical settings.
Meanwhile, Gan is already thinking about
ways to improve the app. For example,
as the modern world moves towards
a cashless society, the use of coins to
calibrate area calculations may not be
feasible, he noted.

IMPACT
Clinicians and even patients
will be empowered to perform
simple, objective and accurate
tracking of wound closure,
allowing for more timely
interventions and better health
outcomes.

BACKGROUND
Instead of manually measuring wound sizes, digital
applications can be used to get a more accurate
picture of wound healing.

Photo credit: LightField Studios / Shutterstock

14

A*STAR Research

www.research.a-star.edu.sg

1. W
 u, W. L., Wong, K. Y. W., Federico, J. M. A, and
Gan, S. K. E. The APD Skin Monitoring App for
Wound Monitoring: Image Processing, Area Plot,
and Color Histogram. Scientific Phone Apps and
Mobile Devices 5, 3 (2019).
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NEUROSCIENCE

An automated machine
learning system for
analyzing leg movements
in fruit flies is helping
A*STAR researchers
shed light on how
neurodegenerative
diseases develop.

LEFT
Machine learning algorithms can automatically decode
fly leg movements and link them to neurodegenerative
diseases.
1. Wu, S., Tan, K. J., Govindarajan, L. N., Stewart,
J. C., Gu, L., et al. Fully automated leg tracking
of Drosophila neurodegeneration models reveals
distinct conserved movement signatures. PLOS
Biology 17(6), e3000346 (2019).
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Why hepatitis B hits
some harder than others
A gene variant more common among East Asians is
responsible for milder symptoms and better outcomes
during hepatitis B infection.
A cat-and-mouse game is constantly taking
place between the body’s immune system
and infectious microbes. In particular, a
class of immune cells known as CD8+ T cells
plays a key role in keeping viral infections
in check by destroying infected cells and
releasing antiviral molecules.
However, certain viruses like the
hepatitis B virus (HBV) can linger for long
periods of time in the body. Some people
respond to such chronic infections with
severe liver inflammation, while others do
not display symptoms and become carriers
of the virus, often with low or undetectable
viral loads. It is unclear how such different
outcomes arise.

Photo credit: Studiotouch / Shutterstock

spindly structures, and an edge operation
that traces the outline of the entire fly.
Testing FLLIT on videos of flies,
the researchers demonstrated that
approximately 97.5 percent of the
computationally identified fly claws
were within three pixels of the manually
annotated positions. Confident in the
accuracy of FLLIT, the researchers then
showed that the program could distinguish
gait patterns in fly models of Parkinson’s
disease (PD) and spinocerebellar ataxia 3
(SCA3).
“In human patients, SCA3 is associated
with a lurching, uncoordinated gait,
while PD is marked by a stiff, rigid gait,”
Aw noted. Similarly, FLLIT detected
that fly models of SCA3 and PD walked
very differently from one another, also
highlighting resemblance between human
and fly gaits under disease conditions.
Importantly, using FLLIT, the researchers
found that two different PD fly models
showed a strikingly similar rigid gait despite
being of completely different genetic
backgrounds, suggesting that alternative
molecular mechanisms converge on the
same pathological outcome.
“We are also using FLLIT to study the
cellular mechanisms that underlie various
distinct movement defects such as tremors,
which are very prevalent but remain poorly
understood. We believe that such detailed
phenotyping will not only be useful for
basic science research, but will also apply to
sensitive behavioral phenotype-based drug
screening. We are looking for industrial
collaborators to work with on such drug
screening projects,” said Aw.

Photo credit: Dr Linda Stannard, Uct / Science Photo Library

A leg up for
neuroscience

Although fruit flies are very different from
humans, they have nonetheless taught us a
great deal about how our brains work. For
years, scientists have been manipulating
fruit fly genes and studying their behavior to
link genetic defects to neurodegeneration.
“For the past two decades, to interpret
the behavioral consequences of various
genetic perturbations in the fly, the field
has used the climbing assay, which assesses
how well flies are able to climb when placed
into a vertical arena,” said Sherry Aw, Group
Leader at A*STAR’s Institute of Molecular
and Cell Biology (IMCB). However,
climbing performance may not capture
the full range of behavioral outcomes that
may be relevant to neuroscience.
To overcome this challenge, Aw’s team,
in collaboration with Li Cheng’s group at
A*STAR’s Bioinformatics Institute (BII) and
colleagues at the National University of
Singapore, developed a machine learning
image analysis program called Feature
Learning-based LImb segmentation and
Tracking (FLLIT) for fully automated
tracking of fruit fly leg movements¹.
Unlike other machine learning methods
that require training on large, manuallylabeled image datasets, FLLIT generates its
training datasets based on morphological
parameters built into the learning
algorithm. The program identifies pixels
representing the legs of fruit
flies via a skeletonization
o p e r a t i o n fo r
recognizing
thin and

In this study, a team of scientists led
by Evan Newell and Yang Cheng from
the Singapore Immunology Network
(SIgN) demonstrated that in HBV-infected
patients with the A*11:01 allele, which is
more common among East Asians, recovery
and long term suppression of HBV was
associated with higher frequencies of T
cells that target a critical sequence of amino
acids in the virus¹.
“We combined the power of two cell
profiling techniques—mass cytometry
and highly multiplexed combinatorial
peptide-MHC tetramer staining—to
comprehensively and simultaneously probe
more than 500 T cell epitopes in a single

patient sample,” said Cheng, explaining
that the epitopes referred to here are
HBV protein sequences to which T cells
bind. Their strategy also allowed them to
investigate more than 20 behaviors and
functions of T cells.
The team found larger numbers of
CD8+ T cells in A*11:01-positive patients
with acutely resolved infections, and
that these T cells bind specifically to the
HBVcore169 peptide. The HBVcore169 peptide is
part of the inner shell of HBV surrounding
the virus genome.
“Analysis of surface markers on these
T cells revealed that they have long-term
memory and a diverse array of inhibitory
receptors. With this information, we were
able to construct a disease progression
timeline that predicts the disease outcome
using high-dimensional trajectory analysis
and machine learning-aided modeling,” said
Cheng. These findings were subsequently
validated in a study involving patients
undergoing antiviral therapy—the T cell
responses in patients matched what the
authors had predicted.
The researchers propose that their
findings will facilitate the development
of immunotherapies such as engineered
T cells against HBV. Also, since the study
focused on patients with the A*11:01 allele,
the findings are highly relevant to patients
in Singapore and the Asia-Pacific region.
Going forward, the team plans to
investigate how these HBV-targeting T cells
can eliminate liver tumors associated with
HBV infection.

LEFT
The hepatitis B viruses imaged in this transmission
electron micrograph are responsible for liver
inflammation.
1. C
 heng, Y., Zhu, Y. O., Becht, E., Aw, P., Chen, J. et al.
Multifactorial heterogeneity of virus-specific T cells
and association with the progression of human
chronic hepatitis B infection. Science Immunology
4(32), eaau6905 (2019).
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Targeting TRIM21 for
stronger, safer vaccines
A*STAR scientists have found a way to strengthen
the immune response to adenovirus infection using
engineered antibodies.

18

A*STAR Research

hunt down virus-infected cells. Enhancing
DC function could therefore lead to better
clearance of infections.
In this study, researchers from A*STAR’s
Institute of Molecular and Cell Biology
(IMCB) and Singapore Immunology
Network (SIgN), led by Cheng-I Wang,
focused on how a protein called TRIM21
mediates the immune response to
adenoviruses, a class of viruses that can cause
conjunctivitis or gastroenteritis, among
other health conditions. They focused on
TRIM21 because the protein is involved in
the degradation of the immune complexes
and mediates signaling inside DCs¹.
“TRIM21 binds to a segment known as
the Fc region of the antibody in immune

www.research.a-star.edu.sg

“Our vaccine, like
recombinant or subunit
vaccines, will be safer.”
LEFT
By understanding how immune cells behave,
researchers may be able to develop more potent
vaccines against adenoviruses.
1. Ng, P. M. L, Kaliaperumal, N., Lee, C. Y., Chin, W.
J., Tan, H. C. et al. Enhancing Antigen CrossPresentation in Human Monocyte-Derived
Dendritic Cells by Recruiting the Intracellular Fc
Receptor TRIM21. Journal of Immunology 202(8),
2307-2319 (2019).

Classifying and
counting immune
cells with an app
Researchers at A*STAR have developed a method
to obtain a holistic view of the identities and
proportions of immune cells in patient blood samples.

Photo credit: royaltystockphoto.com / Shutterstock

When a virus enters a cell, it hijacks the
cell’s functions and turns it into a factory
that produces more viruses. Dendritic cells
(DCs)—a type of white blood cell in the
body—play a crucial role in activating other
cells in the immune system to contain the
infection.
To accomplish their mission, DCs engulf
immune complexes which are made up of
antibodies bound to an invading virus. The
immune complexes are then ‘cut up’ and
displayed on the surface of DCs in a process
known as antigen cross-presentation.
Subsequently, another subset of
immune cells called T cells encounter
these antigen-presenting DCs and become
activated, maturing into killer T cells that

IMMUNOLOGY
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complexes. We hypothesized that a more
stable TRIM21-Fc complex in DCs may
result in stronger immune responses,”
said Wang.
Although the structure of the TRIM21Fc complex is known, mutations in the Fc
region that would enhance TRIM21 binding
could not be predicted. Hence, Wang’s
team generated two billion antibody
variants with mutations in the Fc-TRIM21
interface. This allowed them to isolate an
antibody that has 100 times higher affinity
to TRIM21 than typical antibodies.
The researchers demonstrated that
their high-affinity antibody enhanced DC
activation and maturation, which in turn
resulted in a significant expansion of killer
T cell populations targeting adenovirusinfected cells. They noted that stronger
TRIM21 binding antibodies may have
profound implications for the development
of safer and more effective vaccines that
rely on weakened live viruses to generate
an immune response from the body.
“Our vaccine, like recombinant or
subunit vaccines, will be safer. At the
same time, it can induce strong immune
responses through enhanced Fc-TRIM21
interaction,” said Wang.
“Going forward, we want to verify if our
findings in vitro remain true in vivo. Using
mouse models of human disease, we will
be testing viral and cancer vaccines that
carry antigens to DCs via Fc-engineered
antibodies,” he said.

Bombarded daily with threats both external
and internal, our immune system has the
remarkable ability to adapt to virtually
any situation thanks to its diverse array
of cells. However, certain conditions (e.g.
autoimmune disease, hypo-responsiveness)
result from an imbalance of the types and
reactivity of immune cells. Being able to
reliably identify which immune cell subsets
are involved in disease could facilitate the
development of better diagnostic tools and
treatments.
“Most of the time, the biomarkers that
arise from blood gene expression data are
not interpreted from an immunological
point of view, even though the cells being
interrogated are immune cells,” explained
Anis Larbi, a Principal Investigator at the
Singapore Immunology Network (SIgN),
A*STAR. To enable researchers to link gene
expression data to specific cell types, Larbi
and his team have developed a method to
identify different immune cell subsets in
patient blood samples.
Using a combination of high
dimension flow cytometry, fluorescenceassisted cell sorting, RNA sequencing
and microarray data, the researchers
were able to definitively characterize 29
different immune cell types¹. Beyond
simply assigning a molecular ‘fingerprint’
to immune cell types, the researchers

were also able to infer the proportions of
each immune cell population by using a
statistical model known as the ‘robust LM’
method, which allowed them to obtain
absolute gene expression values.
“By adding a deconvolution tool to
other existing tools to understand gene
expression data, one can now have a very
precise idea of which cells were present
in the studied samples, without the need
to perform additional analysis such as
high dimension flow cytometry, which
requires special skills and equipment,”
Larbi explained.
The researchers demonstrated
the power of their method by using
it to examine the immune response of
individuals after influenza vaccination,
showing how the composition of immune
cell populations shifted in response to
vaccination.

“This work should enable
us to predict immune cell
subset frequencies from
previous studies where
only gene expression
data were available.”

These findings have gone towards
the development of an app for use by the
broader scientific community. “This work
should enable us to predict immune cell
subset frequencies from previous studies
where only gene expression data were
available,” Larbi pointed out.
Moving for ward, the group is
planning on using single-cell data for the
deconvolution of more cell subsets than
ever performed. Hinting at potential clinical
applications, Larbi suggested, “Studies
focusing on immune cell composition in
situ will help us accelerate the progress
in the field of cancer immunotherapy.”
BACKGROUND
An app that uses gene expression data to classify
immune cells like the B lymphocyte in blood samples
could shed light on the origins of autoimmune diseases.
1. M
 onaco, G., Lee, B., Xu, W., Mustafah, S., Hwang,
Y.Y. et al. RNA-Seq Signatures Normalized by
mRNA Abundance Allow Absolute Deconvolution
of Human Immune Cell Types. Cell Reports 26,
1627-1640.e7 (2019).
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How to maim a virus
without killing it
Targeted mutagenesis is being used to create liveattenuated vaccines against the chikungunya virus.
In the 1950s, humanity scored a victory
against one of the most debilitating
diseases at that time—polio. The disease,
caused by the poliomyelitis virus, was
widely regarded as a death sentence until
American virologist Jonas Salk developed
a vaccine to prime the human immune
system to detect and destroy the virus.
While the vaccine that Salk developed
was based on viruses that had been killed
or inactivated, another type of vaccine
exists, consisting of living viruses that have
been weakened so that they are unable to
cause the full extent of infection. These
are known as live-attenuated vaccines.
Creating a live-attenuated vaccine
requires deep knowledge of how to maim
a virus while keeping it alive. In this study,
researchers led by Lisa F. P. Ng at the
Singapore Immunology Network (SIgN)
developed a live-attenuated vaccine
candidate against the chikungunya

(CHIKV) virus, which causes fever and
joint pain in its human host, using
targeted mutagenesis¹.
“We introduced missense mutations
into the CHIKV genome that were based
on naturally occurring mutations in the
Semliki Forest virus,” said Ng. Because
the Semliki Forest virus belongs to the
same family of alphaviruses as CHIKV,
her team hypothesized that mutations
resulting in less virulent Semliki Forest
virus strains would similarly impair the
ability of CHIKV to cause infections.
Mutations in the genes encoding nonstructural proteins in CHIKV caused the
virus to become less infectious. In the
study, mice infected with mutant CHIKV
had an acute viral load that was between
ten to a thousand times lower compared to
a control group infected with unmutated,
or wild type CHIKV (WT-CHIKV). Despite
the lower infection level, mutant CHIKV

induced a stronger antiviral response in
host mice than WT-CHIKV.
Additionally, the researchers noted
a general reduction in immune cell
infiltration into the joints of mice that
were infected with mutant CHIKV strains
as compared to WT-CHIKV, suggesting
milder symptoms from the infection.
“In mice, vaccination with mutant
CHIKV strains also induced a long-lasting
protective antibody response which was
slightly weaker than vaccination with
WT-CHIKV, but it was sufficient to confer
vaccinated mice with protection against
subsequent WT-CHIKV challenge,” Ng
explained.
She noted that the antibody response
to the mutant CHIKV strains was also
cross-protective against another closely
related virus, the O’nyong-nyong virus.
“Our mutagenesis approach could
be adopted to develop live attenuated
vaccines specific for other alphaviruses
as well,” she said.

IMMUNOLOGY

Revisiting the antiviral role of Viperin
The antiviral protein
Viperin keeps immune
cells in check to
prevent joint swelling
during chikungunya
virus infection.

BACKGROUND
The chikungunya virus is spread by mosquitoes and
causes symptoms such as fever and joint pain.
1. Chan, Y. H., Teo, T. H., Utt, A., Tan, J. J., Amrun, S.
N. et al. Mutating chikungunya virus non-structural
protein produces potent live-attenuated vaccine
candidate. EMBO Molecular Medicine 11(6), e10092
(2019).
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Since the chikungunya virus (CHIKV)
outbreaks in 2004, scientists around the
world have been trying to understand how
the pathogen causes its classical symptoms
of fever and joint swelling which, in some
cases, can last for years. The protein Viperin
is known to exert a protective, antiviral
effect by interfering with virus replication,
although recent studies have suggested that
Viperin may also regulate the host immune
response during infection.
In this study, researchers led by Lisa
F. P. Ng at the Singapore Immunology
Network (SIgN) demonstrated that the loss
of Viperin in mice is responsible for a hostdamaging immune response to CHIKV
infection¹. The team first showed that
CHIKV-infected mice lacking the Viperin
gene (Viperin-KO mice) had greater joint
swelling than normal mice. Joint swelling
was alleviated when the researchers
used an antibody to deplete a subset of
immune cells—CD4+ T cells—in ViperinKO infected mice, showing that CD4+ T
cells were responsible for more severe joint
swelling during infection.
Yet, the researchers noted that the
number of CD4+ T cells and the viral burden
in the joints of Viperin-KO and normal
mice were almost equal. This led them to
investigate the functions of the infiltrating
immune cell populations. “We showed that
infiltrating monocytes and T cells have an
increased activated and pathogenic state

A chikungunya virus particle contains proteins that can be recognized by the body's immune system to trigger an
antiviral response.

during virus infection in Viperin-KO mice
compared to normal mice,” Ng said. For
example, the levels of pro-inflammatory
molecules such as TNFα, IL-1α, IL-1β and
IL-2 were higher in the joints of infected
Viperin-KO mice than normal controls,
which worsened joint swelling.
Ng’s team also transferred immune
cells from Viperin-KO mice into normal
mice that had been depleted of their
native immune system, and vice versa.
This allowed them to assess whether
the loss of Viperin in non-immune cells
contributed towards joint swelling. Their
findings revealed that non-immune cells
lacking Viperin also increase the extent
of joint swelling during CHIKV infection.

“These results further highlight that
Viperin’s role during infections is not merely
antiviral—Viperin also influences the way
our body’s immune system reacts to the
infection and triggers pathology. Therefore,
there is a need to better understand the
cellular mechanisms of Viperin on the
immune system,” Ng explained, adding that
this is an area her lab plans to investigate
more deeply in the future.

1. C
 arissimo, G., Teo, T. H., Chan, Y. H., Lee C. Y., Lee,
B. et al. Viperin controls chikungunya virus–specific
pathogenic T cell IFNγ Th1 stimulation in mice. Life
Science Alliance 2(1), e201900298 (2019).
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ASIAN
GENOMES
IN THE SPOTLIGHT

A*STAR scientists have created the world’s
largest multi-ethnic Asian genetic database to
further biomedical research and shed light on the
origins of three major ethnic groups in the region.

I

n 1948, a group of 5,209 adult subjects
from Framingham, Massachusetts
in the United States were recruited
as part of a population health study
to understand the common factors
or characteristics contributing to
cardiovascular disease. Known as the Framingham Heart
Study, the cohort comprised men and women between
30 and 62 years of age who had no prior history of heart
attack or stroke at the time of recruitment.
The findings from the study paved the way for the
development of a gender-specific algorithm known as the
Framingham Risk Score (FRS), which allows clinicians to
estimate the ten-year cardiovascular risk of an individual.
Widely used in clinics and hospitals across the globe,
the FRS has been useful in shaping policy to prevent
the development of cardiovascular disease.
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FINDING THE ASIAN CONNECTION
Asian populations, in particular, are severely
underrepresented in population health analyses. Only
five percent of the 15,496 genomes in the Genome
Aggregation Database are from East Asians. Similarly, in
the Trans-Omics for Precision Medicine Program, only
ten percent of its 145,000 samples are Asians.
Spearheading efforts to boost Asian representation in
population health and genome-wide association studies
are researchers led by Jianjun Liu, Deputy Executive
Director and Senior Group Leader, Human Genetics, at
A*STAR’s Genome Institute of Singapore (GIS). In the
journal Cell, they reported the creation of the world’s
largest genetic databank of Asian populations¹.
The team, which also included scientists from the
National University of Singapore (NUS), Duke-NUS
Medical School and public hospitals in Singapore,
performed whole-genome sequencing (WGS) on 4,810
Singaporeans, capturing 80 percent of Asia’s diversity in
three main ethnic groups—Chinese, Malay and Indian.
This cohort represents only the first batch of Asian
genomes to be sequenced as part of the SG10K project,
which was conceived back in 2015. As its name implies,
the project’s goal is to have the genomes of 10,000
Singaporeans sequenced and analyzed.
“The objectives are to characterize the genetic
structure and variation of the Singapore population,
generate a large control dataset for future WGS-based
genetic association studies of disease, and create a WGS
reference panel for accurate genotype imputation in the
Singapore population,” said Liu.
“Upon completion, this study will provide
valuable genetic information to facilitate clinical and
pharmaceutical research in Singapore populations and
empower genetic studies of Singapore and Asian-centric
diseases,” he added.
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Upon completion,
this study will provide
valuable genetic
information to
facilitate clinical and
pharmaceutical research
in Singapore populations
and empower genetic
studies of Singapore and
Asian-centric diseases.

PEEKING THROUGH A WINDOW INTO
HISTORY

— Jianjun Liu, Deputy Executive Director and Senior Group Leader
Genome Institute of Singapore, A*STAR

OF SNIPS AND NATURAL SELECTION
Even with less than half of the targeted number of genomes
sequenced, Liu’s team noted several unique characteristics
of Asian genomes. For example, the researchers uncovered
89,160,286 single nucleotide polymorphisms (SNPs), which
are specific points in the genome where a DNA base differs
among members of a species. They also found 9,113,420
small insertions and deletions (indels). 51 percent of the
SNPs and 70 percent of the indels were novel, not having
been reported before in public databases.
Probing deeper, the researchers identified seven
genomic regions (also known as loci) that are more
commonly altered in Asians, suggesting that these
stretches of DNA play roles in survival and adaptation
to the environment.
“For example, the EDAR and PRSS53 loci showed strong
signals of positive selection and are associated with hair
morphology in East Asians. The EDAR locus, notably, has
been shown to be associated with increased scalp hair
thickness and tooth morphology in humans,” said Liu. The
remaining five loci are known to influence skin color, alcohol
metabolism, cellular response to ultraviolet light exposure
and immune response to disease-causing organisms.

Photo credit: Zita / Shutterstock

However, the metric is not without its limitations—
since the Framingham Heart Study was carried out on
Americans, many of whom were of European descent,
the FRS may underestimate or overestimate the risk of
cardiovascular disease in non-US populations. As nations
awaken to the ideal of precision medicine, wherein
treatments are tailored to the individual, the issue of
diversity in clinical and biomedical research has been
thrust into the glare of the scientific spotlight.

These findings thus reaffirm that Asian-specific genomic
variation exists, and that these variations have implications
on health and disease. With a better understanding of
which SNPs and indels are important, researchers and
clinicians may be able to develop algorithms to predict
the risk of a variety of health conditions in the Asian
context. This, in turn, would allow for interventions to
prevent disease onset and progression, auguring better
health for individuals in the region.

Beyond the biomedical applications of their work, the
analyses by Liu’s team revealed details about the origins
of the three major ethnic groups in the region. The
researchers report that Chinese, Malays and Indians
shared a common ancestral population around 80,000
years ago. Their findings also indicate that about 45,000
years ago, Indians had already split from Chinese and
Malays, while the split between Chinese and Malays
occurred more recently, some 24,800 years ago.
By examining the overlap among genome sequences
of the study cohort, the researchers further noted
that Singaporean Chinese are related to the Southern
Han Chinese in Beijing and north China. Meanwhile,
Singaporean Indians were closely related to the Sri Lankan
Tamil, Telugu and Bengali from South India, with a small
proportion genealogically affiliated with the Gujarati
from west India and Punjabi from Pakistan. The data also
showed that Singapore’s Chinese and Indian populations
likely intermarried with indigenous people on the Malay
Archipelago after migrating from their countries of origins.
Since the publication of their findings, the team has
deposited their dataset into the European Genomephenome Archive, which is a global database accessible to
researchers pursuing genetics research. Combined with
other databases such as the one developed under the
1,000 Genomes Project, wherein 10 of the 26 populations
studied are Asian, the study by Liu’s team could pave the
way for more accurate ancestry tracking and population
genetics studies.
“We envisage that scientists studying the genetics
of human disease in populations originating from
or involving participants from the traditionally
underrepresented regions of Asia will witness the greatest
impact from the SG10K project,” said Liu.
1. W
 u, D., Dou, J., Chai, X., Bellis, C., Wilm, A. et al. Large-Scale WholeGenome Sequencing of Three Diverse Asian Populations in Singapore.
Cell 179, 736-749 (2019)
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A*STAR researchers have identified four peptide
sequences that distinguish the Zika virus from
other flaviviruses, with implications for diagnostics
and vaccine development.
Like twins who look almost identical save
for subtle distinguishing features, viruses
belonging to the same genus can be difficult
to tell apart. For instance, the Zika virus,
which surfaced as a global public health
threat in 2016, belongs to the Flaviviridae
family and is very similar to dengue virus
and yellow fever virus.
One method used to diagnose virus
infections is serology, which detects

antibodies against a specific virus in
infected patients’ specimens. However,
flavivirus infections are notoriously known
to elicit antibodies that are cross-reactive
towards the different flavivirus subtypes,
thus hindering the development of Zika
virus diagnostic tools.
Now, scientists led by Lisa F. P. Ng
at the Singapore Immunology Network
(SIgN) have identified Zika virus-specific
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Short- and long-range interactions that give
structure to virus genomes also influence
virus replication and infectiousness.

Photo credit: Kateryna Kon / Shutterstock

During an immune response to Zika virus infection, the body produces antibodies that bind to and neutralize the virus.

1. Kam, Y. W., Leite, J. A., Amrun, S. N., Lum, F. M.,
Yee, W. X. et al. ZIKV-specific NS1 epitopes as
serological markers of acute Zika virus infection.
Journal of Infectious Diseases 220(2), 203-212
(2019).

The long and short
of virus genomes
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Finding the ‘fingerprints’
of the Zika virus

epitopes—short protein sequences on the
Zika virus to which antibodies bind—to
increase the accuracy of serological testing
for the virus¹. The research was carried
out in collaboration with colleagues at the
University of Campinas, Brazil, the country
at the epicenter of the 2016 pandemic.
“We obtained serum samples from Zika
virus- and dengue virus-infected patients
and screened them against Zika, dengue
and yellow fever virus peptide libraries,”
Ng said. This screening process revealed
four peptides (ZIKV E peptide 27, ZIKV
E peptide 29, ZIKV NS1 peptide 86 and
ZIKV NS1 peptide 117) that are specifically
recognized by antibodies in Zika virusinfected patient samples from Brazil but
not antibodies in dengue-virus infected
ones.
Of the four epitopes, one was bound
only by antibodies found in the sera of
pregnant women. “This is an important
finding as it shows the effect of pregnancy
on the immune response and epitopeantibody recognition,” Ng noted. The
mechanism of why and how pregnant
women produce a separate, unique
antibody response to the Zika virus remains
unknown.
Beyond facilitating the development
of diagnostic tools, the identification of
Zika virus-specific epitopes could lead to
vaccines against the Zika virus. Given the
neurological complications and congenital
abnormalities known to be associated with
Zika virus infection, a vaccine against the
disease is urgently needed. “It would be
of interest to test the protective efficacy
of the epitopes as vaccines in pre-clinical
models,” Ng added.

Deceptively simple in their biological
makeup, viruses typically consist of genetic
material enclosed in a protein coat. In the
case of dengue and Zika viruses, a single
long strand of RNA encodes everything the
virus needs to replicate inside a host. Like
a string, the RNA molecule can fold onto
itself, forming structures in which certain
genomic sequences come close to each
other in physical space, with implications
for virus infectivity and reproduction.
In the present study, researchers led by
Yue Wan at A*STAR’s Genome Institute
of Singapore (GIS) mapped in detail the
genome structures of the four serotypes
of dengue viruses and four geographically
distinct Zika viruses. The first challenge
they had to overcome was the very large
size of the genomes, each about 11,000
bases long, which makes structural
modeling of the genomes very inaccurate.
To get around this problem, Wan’s
team combined two methods—Selective
´ Hydroxyl Acylation analyzed by Primer
Extension (SHAPE) and mutational
mapping (MaP)—to first identify singlestranded bases in the genome¹. This was
followed by another technique known
as Sequencing of Psoralen-crosslinked,
Ligated, and Selected Hybrids (SPLASH),
which reveals pairs of genomic regions
that are linked in physical space.
The combination of short-range
structure information from SHAPE-MaP
and long-range structure information from

SPLASH allowed the
researchers to build
accurate structural
models of the virus
genomes. Using their
models, they uncovered
two distinct modes of
long-range interactions in
the virus genomes. The first
interaction type preserves the
exact spatial locations as well as
the sequences of the interaction across
serotypes, while the second type involves
different sequences in nearby spatial
locations that bring two distant regions
of the genome into close proximity.
“Disrupting these long-range RNA
interactions can result in a large decrease
in virus fitness, as fewer virus particles
were produced in infected cells,” Wan
explained, noting that similar results were
observed in virus-infected animal models.
“The genomes of dengue and Zika
viruses also interact with host RNAs
inside infected cells. We are now studying
how virus-host RNA interactions affect
virus fitness. We are also working

with collaborators to study genome
organization in other RNA viruses,
including the chikungunya virus and
enteroviruses,” she said.

ABOVE
Everything a virus needs to replicate inside a host is
encoded by its genome.
1. H
 uber, R. G., Lim, X. N., Ng, W. C., Sim, A. Y. L., Poh,
H. X. et al. Structure mapping of dengue and Zika
viruses reveals functional long-range interactions.
Nature Communications 10, 1408 (2019).

“Disrupting these long-range RNA interactions can
result in a large decrease in virus fitness, as fewer
virus particles were produced in infected cells.”
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Figuring out the fungi
that live on and inside us
Recent progress in our understanding of Malassezia
fungi is helping to unlock the secrets of their role in
human health and disease.
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more complex biology and genetics, and
so on. Hence, understanding of fungi has
seriously lagged that of other microbial
fields,” said Thomas Dawson, Senior
Principal Investigator at the Skin Research
Institute of Singapore (SRIS), adding that
“Malassezia represent one of the most
difficult fungi to study.”
While Malassezia colonize human skin
with ease, it was difficult to culture these
fungi in the lab until scientists discovered
that they required lipid supplementation.
Moreover, not just any lipid would do.
“We found that Malassezia cannot utilize

www.research.a-star.edu.sg

ABOVE
Unlike bacteria, fungi have more complex genomes and
exhibit different behaviors, with implications for fungal
infections.
1. Dawson, T.L. Jr. Malassezia: The Forbidden
Kingdom Opens. Cell Host and Microbe 25, 345-347
(2019).

Acne problems are
more than skin deep
A review by A*STAR researchers highlights the need
to better understand the role of the skin microbiota
in acne development.
Despite how common acne is and how
long it has been around—the earliest
mention of acne can be traced back to
the Ebers Papyrus dating back to before
3,000 BC—the condition is still poorly
understood. This uncertainty is reflected
in advice on how to tackle acne, with
facial treatments running the gamut from
honey to mud.
A popular theory is that acne is
caused by an imbalance in the microbial
population inhabiting the skin. However,
scientific evidence for this theory is weak,
said Thomas Dawson, senior principal
investigator at the Skin Research Institute
of Singapore (SRIS)¹.
“Currently, the role of the skin
microbial community in acne remains
unknown,” he said. “Significant ‘lore’
implicates skin microbiology in acne,

Photo credit: Kateryna Kon / Shutterstock

Although the microbiome has been linked
to everything from diabetes to mental
health, most studies to date have focused
on bacteria, and to a lesser extent, viruses.
Much less is known about the impact of
fungi, an entire kingdom of life distinct
from animals, plants and bacteria. In
particular, scarce information is available
about a group of fungi called Malassezia,
although millions can be found on every
human being¹.
“Fungi are much harder to study
than bacteria for many reasons—they are
fastidious in culture, slow growing, possess

SKIN BIOLOGY
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unsaturated fatty acids, as
they lack the enzyme Δ-9
desaturase,” Dawson said.
On the skin, Malassezia take up
saturated fatty acids and leave behind
unsaturated fatty acids such as oleic and
palmitoleic acid, which are irritating
and likely cause seborrhoeic dermatitis.
Indeed, numerous members of the
Malassezia genus appear to be involved in
various inflammatory conditions. “Most
researchers see Malassezia globosa as a
key player in dandruff and seborrhoeic
dermatitis, and Malassezia sympodialis as
a key factor in atopic eczema. Recent work
has also implicated Malassezia restricta in
Crohn’s disease and irritable bowel disease,”
Dawson said.
Conditions caused by Malassezia are
generally treated with broad-spectrum
antifungal compounds, particularly azoles.
However, the widespread use of azoles in
both medical and agricultural applications
also led to antifungal resistance and
treatment failure.
In a bid to reduce reliance on azoles,
researchers are now working on identifying
more specific targets in Malassezia that
would be less likely to induce broadspectrum drug resistance. These targets
include enzymes that Malassezia produce
to obtain nutrients.
The complex biochemical and
immune signaling between Malassezia
and the human host also remains poorly
understood. “Future research will involve
examining this signaling in the hopes of
identifying materials which can hijack
the system and either decrease Malassezia
numbers or instruct them to behave
differently and promote health instead of
disease,” Dawson said.

and hence many treatments contain
antimicrobials. The assumption that
microbial dysbiosis is the cause of acne
means research is focused on microbes,
while it remains unclear if this is a correct
choice.”
One challenge in studying microbial
dysbiosis in acne lies in the sampling of
the correct skin compartment, which
influences the kind of skin microbiota

“We are trying to better
define acne etiology
and design new, more
effective treatments with
fewer side effects.”

isolated. “Most studies which have
measured microbes in acne have sampled
from the skin surface. But it is highly
unlikely surface microbes are involved,
as the initiation of the lesion must occur
deeper in the skin, where the cells are alive
and able to be involved in inflammation,”
Dawson pointed out.
Another challenge is rooted in the
complexity of the skin microbiota, which
comprises different bacteria and fungi,
as well as bacteriophages (viruses that
infect bacteria). Knowing which ones
are responsible for acne and which are
mere bystanders is crucial to identifying
potential therapeutic targets. However,
this obstacle could be overcome by
isolating single variables and changing
them one at a time, Dawson said.
“This means performing clinical
trials where acne patients are treated
with specific anti-microbial and nonantimicrobial actives, and then evaluating
the effect on the acne as well as on the
microbial community,” he continued.
Several types of acne treatments—
such as isotretinoin, antimicrobials and
hormonal pills—already exist, but the
prevailing uncertainty over the cause
of acne means that identifying the best
course of treatment remains an issue.
Dawson also highlighted the importance
of seeking alternative forms of treatment,
given the risks associated with current
therapies such as retinoid treatments,
which have unwanted and dangerous
side effects.
“We are trying to better define acne
etiology and design new, more effective
treatments with fewer side effects by
examining and targeting different biology
than has been used in the past,” he said.

LEFT
The skin is colonized by a wide variety of microbes.
Their contributions to acne remain unclear.
1. R
 amasamy, S., Barnard, E., Dawson, T.L. Jr,
Li, H. The role of the skin microbiota in acne
pathophysiology. British Journal of Dermatology
(2019).
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Mouse over to learn
more about eczema
While no single mouse model replicates the entire
spectrum of eczema in humans, collectively they
provide valuable clues into how specific aspects
of the disease arise.
WHY THIS MATTERS
• Eczema affects 5-30% of children and 1-10% of adults worldwide.
• Animal models are useful for understanding eczema, but not all of them
recapitulate the full extent of the disease.

For many people, experiences with skin
rashes are fleeting, perhaps triggered by
heat, chemicals or allergens. However, in
individuals suffering from atopic dermatitis
(AD)—more commonly known as eczema—
persistent itching occurs. AD is often
accompanied by dry, red and scaly skin
which can greatly impair quality of life.
Worldwide, an estimated one in ten adults
are affected by AD, with the condition
being ten times more prevalent in children
than adults.
Scientists have sought to understand
the root causes of AD using various mouse
models that mimic specific aspects of the
disease. “The major challenge in replicating
human AD faithfully in mouse models
is that there are numerous phenotypes,
subtypes and phases that comprise the
disease spectrum classified as AD,” said
John Common, a Principal Investigator at
the Skin Research Institute of Singapore
(SRIS). Skin microbes also interact with
host immune cells in disease progression,
adding another layer of complexity.
Existing mouse models of AD can be
broadly divided into three categories: skin
surface sensitization, spontaneous AD
development and genetically engineered
models of AD. Using these, researchers
have successfully identified a few major
molecular mechanisms involved in AD
progression and development¹. For
example, spontaneous recessive mutations
in the mouse filaggrin gene produced flaky
tail mice with symptoms reminiscent of AD,
and similar loss-of-function mutations are
the strongest genetic risk factor for AD in
human subjects.

R e s e a r c h e r s h a v e a l s o fo u n d
that excessive production of certain
interleukins, which activate the arm of
the immune response involved in allergic
reactions, contribute to AD development.
Certain microbes colonizing the skin, such
as Staphylococcus aureus, have also been
known to influence the production of these
interleukins. Less commonly, infection
by certain viruses such as herpes can also
contribute to AD.
Knowing how AD presents in each
patient has given rise to more sophisticated
treatment approaches. “These range from
improvement in the skin barrier function
from birth to prevent early sensitization, all
the way through to biologics therapies that
neutralize immune pathways,” explained
Kenji Kabashima, Chair and Professor in
dermatology at Kyoto University, Japan,

a co-author on the study. Kabashima
is also a Principal Investigator at SRIS
and the Singapore Immunology Network
(SIgN).
“The most advanced of these biologics
approaches is the recently-approved
Dupilumab that targets the interleukin-4
receptor and blocks the action of
interleukins 4 and 13, the prototypical
Th2-type cytokines,” Kabashima added.
In the future, patient stratification will
be crucial for ensuring the effectiveness
of these targeted treatment approaches.
“We are currently investigating various
phenotypes and endotypes of AD in human
patients and mouse models to better
understand the contribution of specific
microbiome, skin barrier and immune
components in this complex disease,”
Common concluded.

IMPACT
By selecting the right animal model for eczema
research, scientists will be able to pinpoint the
molecular mechanisms involved in specific aspects of
the disease, perhaps leading to better treatments.

BACKGROUND
The skin is a multi-layered and multi-faceted organ. Where skin biology goes wrong,
conditions such as eczema manifest.
1. N
 akajima, S., Nomura, T., Common, J., Kabashima., K. Insights into atopic dermatitis
gained from genetically defined mouse models. Journal of Allergy and Clinical
Immunology 143, 13-25 (2019).
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Nicotinamide, a form of vitamin B3, regulates the
metabolism of skin stem cells to delay cellular aging.
From the philosopher’s stone to the
fountain of youth, many myths have
spawned around the desire to stop aging
in its tracks. Modern biomedical science
is helping to uncover some anti-aging
strategies, among them a molecule known
as nicotinamide (NAM), a form of vitamin
B3. NAM is known particularly for its
beneficial effects on skin appearance.
“NAM reduces sallowness and wrinkles,
and more recently has been shown to
prevent some skin cancers,” explained
Sophie Bellanger, a Principal Investigator
at the Skin Research Institute of Singapore
(SRIS), A*STAR, adding that “until recently
we knew very little about the pathways
underlying its anti-aging properties.”

Now, Bellanger and her team have
shown that NAM works by helping
stem cells in the skin retain their unique
properties. The research was carried out
in partnership with Procter & Gamble¹.
While most cells in the body are
specialized, stem cells maintain the ability
to proliferate and differentiate to renew
tissues, making them vital to the body’s
self-repair mechanisms. To see what effects
NAM had on human skin stem cells, the
researchers isolated primary cells from the
epidermis of healthy donors and grew them
with or without NAM in the lab.

1. Tan, C. L., Chin, T., Tan, C. Y. R., Rovito, H. A., Quek,
L. S. et al. Nicotinamide Metabolism Modulates
the Proliferation/Differentiation Balance and
Senescence of Human Primary Keratinocytes,
Journal of Investigative Dermatology 139(8), 16381647 (2019).
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Different forms of the
protein HNF4ɑ can pair
up to influence diverse
processes ranging from
development to diabetes,
a study shows.

Photo credit: Re_sky / Shutterstock

ABOVE
Skin stem cells are required for the rejuvenation of skin.
Scientists now know how vitamin B3 helps maintain the
population of skin stem cells in the body.
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One gene, many targets
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How vitamin B3
keeps skin smooth

They found that skin stem cells deprived
of NAM progressively differentiated into
specialized skin cells as they grew over
weeks, losing their stemness properties.
On the other hand, skin stem cells supplied
with constant high NAM levels continued
to multiply without becoming specialized,
thus retaining their initial flexible state
over time.
Bellanger and her team thus wondered
if the effect of NAM on stemness
maintenance was due to its conversion to
nicotinamide adenine dinucleotide (NAD),
which helps the cell to process sources
of energy. Indeed, stem cells which were
chemically stripped of NAD dramatically
slowed down their glucose metabolism
and massively differentiated after only 48
hours, while also displaying signs of cellular
aging, otherwise known as senescence.
“The ability of NAM to control the fate
of skin stem cells has several important
implications,” noted Bellanger. “As an
immediate application, stem cell culturing
is used to grow skin grafts for severe burn
patients, and using NAM to prevent stem
cell loss could increase the success rate of
this therapy.”
Ultimately, stem cell loss might be
related to aging throughout the human body
and not just the skin. “Control of stem cell
fate by NAM could be ubiquitous, extending
to other organs. This pinpoints NAM as a
promising compound to delay loss of stem
cells throughout a wide range of tissues, and
therefore fight aging throughout the whole
body,” Bellanger concluded.

Variety is the spice of life; and variation
is the substrate of evolution. One of the
important ways nature creates diversity is
through alternative splicing, where different
forms of the same gene produce protein
variants called isoforms. However, the
biological significance of different isoforms
is not well understood for many proteins.
For example, a protein known as
hepatocyte nuclear factor 4ɑ (HNF4ɑ) is
thought to act as a gene regulator when
two identical units come together to form
a homodimer. But many different isoforms
of HNF4ɑ exist, and the impact of each
isoform pair is not known.
Now, a team led by Ee Chee Ren from
A*STAR’s Singapore Immunology Network
(SIgN) has revealed that different HNF4ɑ
isoforms can indeed cross-interact, forming
heterodimers¹. These HNF4ɑ heterodimers
control different sets of downstream genes,
explaining how a single gene regulator can
have such a diverse range of targets.
Using reverse transcriptase polymerase
chain reaction, the team looked for and
found the mRNAs of all 12 isoforms present
in 15 different human tissues, ranging from
the skin to the testes. Together, the entire
array of isoforms controlled the expression
of 54 different genes.
“Although up to 12 isoforms have been
identified in recent years, not all isoforms
are known to be transcribed. We took the

step to show that the postulated isoforms
did exist in human cells, and with that in
place, we could see a pattern of potential
interaction between the different isoforms,”
Ren said.
To prove that different types of
isomers can bind to each other and form
heterodimers, the researchers used a
technique called co-immunoprecipitation,
labeling each isomer with a protein ‘tag.’
“When we selectively ‘pull down’ one
protein and find that the other tag is
also retrieved, we then know that these
two proteins are paired together,” Ren
explained.
The researchers went on to show
that heterodimer combinations such as
HNF4ɑ3-8, HNF4ɑ6-12 and HNF4ɑ5-8
activated liver detoxification enzyme
gene CYP7A1 and inflammatory genes
IL-6 and IL17A more strongly than their
corresponding isoform homodimers.
“Diseases like colorectal cancer
have altered HNF4ɑ2 and HNF4ɑ8
levels. Knowing that interactions exist

allows us to investigate which genes are
regulated by both homodimerization and
heterodimerization of these isoforms. We
also postulate that certain carriers of the
hepatitis B virus may have a high viral
load resulting from HNF4ɑ heterodimer
combinations that favor viral replication,”
said Ren.
Ren’s team has also successfully used
CRISPR-Cas9 gene editing to create
permanent HNF4ɑ knockout cell lines and
plans to use them to further characterize
the effects of multi-combination HNF4ɑ
heterodimers in the absence of basal
HNF4ɑ dimer activities.

ABOVE
Alternative splicing of the same gene can give rise to
different protein forms with varying functions.
1. K
 o, H. L., Zhuo, Z., Ren, E. C. HNF4ɑ Combinatorial
Isoform Heterodimers Activate Distinct Gene Targets
that Differ from Their Corresponding Homodimers.
Cell Reports 26, 2549-2557 (2019).
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How promoters predict
patient outcomes
A*STAR researchers demonstrate how the expression
of genes from alternative gene promoters is
associated with lower cancer survival in patients.
A disease as versatile as it is resilient, cancer
is difficult to treat and may return even
after successful therapy. Although certain
gene mutations are known to be associated
with cancer development, progression and
relapse, the contributing effect of gene
promoters—DNA sequences involved in
the regulation of gene expression—remains
obscure.
To better understand the role of gene
promoters in cancer, researchers led by
Jonathan Göke and Patrick Tan at the

Genome Institute of Singapore (GIS),
analyzed data from 18,468 patient-derived
tissue samples representing 42 different
cancer types¹.
“Cancer patients often differ from one
another genetically, but what we wanted to
find out was whether the gene promoters of
these patients also show variation,” said Göke.
The researchers inferred promoter
sequences from publicly available RNA
sequencing data, categorizing them as
major promoters, minor promoters and

LEFT
The use of alternative gene promoters by cancer cells
has important implications for patient outcomes.
1. Demircioğlu, D., Cukuroglu, E., Kindermans,
M., Nandi, T., Calabrese, C. et al. A Pan-cancer
Transcriptome Analysis Reveals Pervasive
Regulation through Alternative Promoters. Cell 178,
1465-1477.e17 (2019).
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Out for blood in the
fight against cancer
By interfering with the production and downstream
activity of a molecule called Agrin in tumors,
scientists can stop the sprouting of blood vessels
that promote cancer progression.

Photo credit: royaltystockphoto.com / Shutterstock

inactive promoters based on the total
amount of gene expression initiated at
each promoter. Major promoters were the
most active in initiating gene expression.
“Next, we selected genes which could
be expressed from multiple promoters
and tested whether the top ten percent
of patients with the highest promoter
activity would show differences in survival
compared to the rest of the patients,” he said.
The team found that the use of
alternative promoters—DNA sequences
that regulate the same gene but in different
contexts, such as in different organs—was
associated with lower patient survival. For
example, examining the gene ERBB2 which
is known to be expressed in aggressive
tumor types, the researchers observed that
brain cancer patients with high activity at
alternative promoters had poorer clinical
outcomes.
Further experiments also showed that
alternative promoters were responsible for
producing different blueprints for protein
synthesis, which could drastically alter
protein function.
“If an alternative promoter affects an
oncogene or a tumor suppressor protein,
this could directly influence cancer
biology,” Göke explained. “Our findings
highlight these possibilities and suggest
that promoters possibly contribute to many
aspects of cancer.”
The team plans to follow up on these
findings by examining whether alternative
promoters directly influence tumor growth
in cancer cell lines. “We are also working
on new, third-generation transcriptomics
technology that might help to better
quantify promoters from RNA sequencing
data,” Göke said.

Photo credit: ballemans / Shutterstock
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Supply lines and escape routes are key
strategic considerations in a war between
nations, and the same can be said of the war
on cancer. As a tumor grows, its demand
for oxygen and nutrients increases.
To meet their metabolic needs, cancer
cells can secrete factors that stimulate
blood vessel formation—also known
as angiogenesis. As blood vessels also
give cancer cells access to the general
blood circulation and opportunities to
spread throughout the body, targeting
tumor angiogenesis could prevent cancer
progression.
In the present study, researchers led
by Sayan Chakraborty, Senior Research
Scientist at A*STAR’s Institute of Molecular
and Cell Biology (IMCB), have identified
Agrin—a secreted protein with sugar
chains attached to it—as a key promoter
of tumor angiogenesis¹. The team observed
that Agrin is produced in large quantities
by liver cancer cells and associated with
increased recruitment of endothelial
cells within tumors engrafted onto mice.
Endothelial cells line the blood vessels and
are important for angiogenesis.

Not only does Agrin directly support
primary liver tumor growth, it also helps
endothelial cells adhere to the liver cancer
cells, which increases the likelihood of the
cancer cells escaping into the bloodstream.
Probing deeper, the researchers found that
focal adhesion kinase (FAK) was central to
the adhesion process.
When they used a drug to inhibit
the activity of FAK in endothelial cells,
they noted that the cells failed to form
micro-vessels. This inhibition could not
be overcome even by increasing the levels
of Agrin exposure, indicating that FAK is a
critical signaling node for Agrin’s pro-tumor
angiogenesis effects. Furthermore, the team
demonstrated that Agrin stabilizes a key
receptor on the endothelial cells—vascular
endothelial growth factor receptor-2
(VEGFR2)—which is required for blood
vessel formation.

“Both FAK and VEGFR2 are important
for many cancers, and there are extensive
ongoing clinical trials with FAK inhibitors
to prevent blood vessel formation and
shrink tumors. Based on our mechanistic
studies, we perceive that the combined
targeting of Agrin, FAK and VEGFR2 would
produce better outcomes in inhibiting liver
tumor growth,” said Sayan.
His team is currently collaborating with
colleagues at A*STAR’s Experimental Drug
Development Centre (EDDC) to develop
antibodies that specifically bind to and
block the activity of Agrin. They will also
investigate Agrin’s role in blood vessel
architecture, tumor stiffness and cancer
drug resistance.

BOTTOM
Blood vessels are necessary for tumor cells to obtain
nutrients for growth, as well as escape into the general
circulation.
1. N
 jah, K., Chakraborty, S., Qiu, B., Arumugam, S.,
Raju, A., Pobbati, A. V. et al. A Role of Agrin in
Maintaining the Stability of Vascular Endothelial
Growth Factor Receptor-2 during Tumor
Angiogenesis. Cell Reports 28(4), 949-965.e7
(2019).
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Targeting
cancer from the
inside out

BELOW
Mechanism of how PRL3-zumab exerts its cancer-killing effect.

In times of stress, cancer cells move
a protein normally found inside
the cell to the cell surface, making
it accessible to antibodies for
immunotherapy.
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In this study,
Zeng's team wanted
to test PRL3-zumab’s
ability to treat liver
cancer in mouse
models¹. They found that
PRL3-zumab inhibited the
growth of PRL3-positive
liver tumors and extended the
median survival time of treated mice
to 12 weeks, compared to just eight weeks
in mice receiving the placebo. Because
PRL3 is normally found inside cells, the
researchers next investigated how the
antibody managed to attach to its target
in liver cancer cells.
The answer lay in the discovery that
cancer cells expose PRL3 on their surfaces
in response to stresses such as low oxygen
levels or pH changes within the tumor
microenvironment in vivo. One of the ways
PRL3 gets externalized is via fat droplet-like
structures called exosomes.
“Although found intracellularly,
PRL3 is a valuable therapeutic option for
immunotherapy given its upregulation
in metastatic liver cancers. In addition,
there are very few surface proteins that
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are unique to cancer cells that can serve
for antibody targeting," said Zeng.
Once bound to the PRL3 tumor antigen,
PRL3-zumab attracts immune cells such as
B cells, natural killer cells and macrophages
to the tumor microenvironment, resulting in
tumor destruction via antibody-dependent
cell-mediated cytotoxicity (ADCC) or
antibody-dependent cellular phagocytosis
(ADCP) pathways. Besides liver cancer cells,
PRL3 is frequently overexpressed in many
common cancer types, attesting to the
clinical value of PRL3-zumab.

Photo credit: dade72 / Shutterstock

The human immune system, including
various immune cell types and regulatory
proteins, can be activated or engineered to
seek out and destroy cancer cells, serving as
the foundation for cancer immunotherapy.
Sometimes, for immune cells to attack
cancer cells, a tumor-specific ‘tag’ needs to
be expressed at the surface of malignant
cells as a homing beacon. Such a tag can
be recognized by an antibody—a protein
that typically binds to molecules on the
external surface of a cell.
In 1998, scientists led by Qi Zeng
at A*STAR’s Institute of Molecular and
Cell Biology (IMCB) first identified a
protein tag named PRL3. Later, in 2001,
Bert Vogelstein’s research group at Johns
Hopkins University School of Medicine
in the US demonstrated that PRL3 was
associated with liver cancer metastasis.
IMCB scientists also discovered that
PRL3 was selectively overexpressed in many
human cancer cells but not in healthy
normal cells, and proceeded to generate
a mouse antibody targeting PRL3. Then,
in 2015, Zeng’s lab further developed a
humanized antibody—PRL3-zumab—that
again specifically binds to PRL3.

In 2015, together with A*ccelerate,
A*STAR’s commercialization arm, Zeng
founded an A*STAR spinoff company,
called Intra-ImmuSG Pte Ltd (IISG), to
develop PRL3-zumab for clinical trials. In
2016, the Health Sciences Authority (HSA)
approved PRL3-zumab for Phase 1 clinical
trials in Singapore, where it was found to be
safe and well tolerated by cancer patients.
In 2019, HSA approved the drug for Phase
2 clinical trials. IISG is keen to work with
investors and partners to take PRL3-zumab
through further clinical trials.

1. T
 hura, M., Al-Aidaroos, A. Q., Gupta, A., Chee, C. E., Lee, S. C. et al. PRL3-zumab
as an immunotherapy to inhibit tumors expressing PRL3 oncoprotein. Nature
Communications 10, 2484 (2019).
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Advanced microscopy
catches cells going out
on a limb
Researchers at A*STAR have combined two
superresolution microscopy techniques to
observe structural protein dynamics inside cells.
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to map out how proteins are arranged
in filopodia, giving new insight into the
structure and function of these cellular
protrusions¹.
Sudhaharan was interested in a protein
called IRSp53, which recruits structural
protein actin modulators to assemble the
internal scaffolding of filopodia. A part of
the IRSp53 protein—known as the I-BAR
domain—is known to have a role in shaping
the cell membrane into a thin spike.
To study how IRSp53 mediates all these
functions, Sudhaharan’s team engineered
cells that expressed fluorescent IRSp53
protein and cells producing just the
fluorescent I-BAR domain. They then
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ABOVE
An understanding of how cells produce filopodia could
be crucial for the development of drugs to inhibit
cancer metastasis.
1. Sudhaharan, T., Hariharan, S., Lim, J. S. Y., Liu, J.
Z, Koon, Y. L. et al. Superresolution microscopy
reveals distinct localization of full length IRSp53
and its I-BAR domain protein within filopodia.
Scientific Reports 9, 2524 (2019).

Getting to the roots of
early-onset diabetes
Mutations in the gene HNF4A impair liver and pancreas
development, indicating that maturity-onset diabetes
of the young starts much earlier than initially thought.
For diabetic patients, carefully controlling
sugar intake is not an option, but a
necessity. A subset of diabetic patients
suffer from maturity-onset diabetes of
the young 1 (MODY1), a condition that
typically manifests before 25 years of age.
Scientists know that MODY1 is caused
by mutations in a single gene, HNF4A,
leading to impaired insulin production
by β cells of the pancreas. Insulin is the
key molecule regulating glucose levels in
the body.
“However, the molecular underpinnings
of the pancreatic β cell defects in MODY1
patients remain poorly understood,”

Photo credit: Steve Gschmeissner / Science Photo Library

Like a blind man with a cane, a cell on the
move pushes out thin, stiff spikes called
filopodia to probe the environment around
it. “Filopodia are involved in wound healing,
axon guidance, embryo development and
cancer cell invasion, making them relevant for
medicine,” explained Thankiah Sudhaharan,
an Advanced Microscopy Expert at the
A*STAR Microscopy Platform of the Skin
Research Institute of Singapore (SRIS).
However, filopodia have proven
challenging to observe under the
microscope, since they are very thin and
can extend, contract and move quickly. Now,
Sudhaharan and his colleagues have found
a way to use superresolution techniques

METABOLIC DISEASE
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used two superresolution techniques
to visualize the proteins inside the cells’
filopodia, obtaining images with resolutions
two to five times better than conventional
microscopy.
The first, called direct STochastic Optical
Reconstruction Microscopy (dSTORM),
harnesses the ability to switch fluorescent
molecules on and off, so that instead of
all the proteins fluorescing at once and
having their signals merged, the researchers
could observe individual molecules blinking
randomly at precise spots.
In 3D Structured Illumination
Microscopy (3D-SIM), the second technique,
the cell is illuminated with a finely striped
pattern of light which interacts with the
fluorescent structures inherent in the cell
to produce interference. Repeating this
process from different angles produces
different patterns of interference, which
can be computationally assembled into a
superresolution 3D image.
“The combination of dSTORM and
3D-SIM lets us build up a fine-grained map
of protein locations, allowing us to identify
the differences between dynamic and nondynamic filopodia for the first time,” said
Sudhaharan. Using this method, the team
demonstrated that IRSp53 was located only
at the edges of the filopodia, making them
flexible and retractable, while the I-BAR
domain in isolation was scattered more
evenly, resulting in far more rigid filopodia.
“This finding opens up significant new
pathways in the study of filopodia since
many other proteins involved in their
structure, function and dynamics still need
studying at single-molecule resolution,”
Sudhaharan added.

said Adrian Teo of A*STAR’s Institute of
Molecular and Cell Biology (IMCB).
In this study, Teo's team mapped the
downstream consequences of HNF4A
disruption to shed light on how MODY1
develops and progresses¹.
“As mouse models with Hnf4a
heterozygous gene mutations do not
develop diabetes, unlike humans, we had
to utilize patient-derived human stem cells
in our study,” explained study first author
Natasha Ng, a postdoctoral research fellow
on Teo’s team.
The team derived nine human induced
pluripotent stem cell (hiPSC) lines from

Diabetes affects more than 400 million individuals worldwide.

two MODY1 patients who each had one
mutant copy (HNF4A p.Ile271fs) and one
normal copy of the HNF4A gene, and from
two healthy members of the same family.
The hiPSCs were then differentiated into
foregut endoderm and human pancreatic
precursors—the parts of human embryos
that eventually give rise to the pancreas
and liver.
The researchers observed that human
pancreatic precursors from MODY1
patient-derived hiPSCs had significantly
lower expression of the HNF4A protein
than equivalent cells from normal patients.
They also noted that the HNF4A protein
normally resides in the nucleus of cells, but
mutant HNF4A protein was found in the
cytoplasm instead. Furthermore, several
markers characteristic of early pancreas and
liver differentiation were downregulated,
whereas a group of hindgut-specifying
genes, known as HOX genes, were
upregulated.
“These effects could result from the
loss of transactivation of specific target
genes due to reduced HNF4A function,
subsequently impairing proper liver and
pancreas development. These findings
highlight that MODY1 is a developmental
disease that begins in the foregut endoderm
and extends to its derivative tissues, such as
the pancreas and the liver,” said Teo, adding
that the study could inform precision
medicine approaches for MODY1 patients.
Going forward, the team intends to
identify the downstream gene targets
of HNF4A and a closely related gene—
HNF1A—which is implicated in MODY3,
the most common form of monogenic
diabetes. “This work is also applicable in
the context of type 2 diabetes (T2D), as
both genes have been associated with T2D
risk,” said Teo.

1. N
 g, N. H. J., Jasmen, J. B., Lim, C. S., Lau, H. H.,
Krishnan, V. G. et al. HNF4A Haploinsufficiency
in MODY1 Abrogates Liver and Pancreas
Differentiation from Patient-Derived Induced
Pluripotent Stem Cells. iScience 16, 192-205 (2019).
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Silicon nanoparticles dispersed in solution can be
positioned by light and printed onto surfaces, or used in
applications such as medical imaging and drug delivery.
The darling element of electronic devices,
silicon can be found in all mobile phones
and computers in the form of thin
wafers. However, when fabricated into
nanoparticles, a new set of applications
emerge, from photonics to magnetic
resonance imaging.
“The typical method of producing
nanoparticles in solution, or nanoparticle
colloids as we call them, is by chemical
synthesis. However, this method isn't yet
well developed for silicon nanoparticles of
the required nanoparticle dimensions of

a few hundred nanometers,” said Arseniy
Kuznetsov, Head of the Advanced Optical
Technologies department at A*STAR’s
Institute of Materials Research and
Engineering (IMRE).
Currently, laser ablation is how most
laboratories produce silicon nanoparticle
colloids, but a major drawback is poor
control over the resultant nanoparticle
sizes. To overcome this challenge,
Kuznetsov's team, in collaboration with
scientists at the Chalmers University of
Technology, Sweden, devised a multistep
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Estimation plots provide researchers with a more
complete picture of the significance of their results than
traditional P values, say A*STAR scientists.

Photo credit: © 2019 A*STAR Institute of Materials Research and Engineering

Using a laser, scientists can accurately position silicon nanoparticles in solution and print them onto surfaces.

1. Valuckas, V., Paniagua-Dominguez, R., Maimaiti,
A., Patra, P. P., Wong, S. K. et al. Fabrication of
monodisperse colloids of resonant spherical silicon
nanoparticles: applications in optical trapping and
printing. ACS Photonics 6(8), 2141-2148 (2019).

The P value is
dead, long live the
estimation plot

Photo credit: © 2019 A*STAR Institute of Molecular and Cell Biology

Precise and printable
silicon nanoparticles

process combining two techniques—holemask colloidal lithography (HCL) and
laser-induced transfer¹.
Put simply, HCL allows for nanodisks
of very uniform size and shape to be
formed. This step serves as a size control
mechanism. The nanodisks are then
melted with a laser over a droplet of water,
forming spherical nanoparticles due to the
surface tension as liquid silicon contacts
the water droplet. Using their technique,
the researchers were able to fabricate
nanoparticles with a mean diameter of
137 nm and standard deviation of less
than three percent.
Next, using a low energy laser as an
‘optical tweezer,’ they were able to trap and
position individual silicon nanoparticles
within a ten-microliter droplet near a
solid surface. When the laser power was
abruptly increased, the nanoparticles were
printed onto the solid surface.
“Our work represents one of the
first demonstrations of controllable
manipulation of silicon nanoparticles
in solution, applied to the printing of
controllable structures onto a substrate.
It demonstrates how optical forces can
be used to create functional 3D silicon
nanoparticle structures,” he said.
Kuznetsov does not rule out exploring
the use of silicon nanoparticles in
biomedical applications. “Silicon
nanoparticles are known for their strong
fluorescence and biocompatibility, which
means they could be used in bioimaging,
drug delivery and cancer treatment,” he
added.

Most difficult questions rarely have a
simple ‘yes’ and ‘no’ answer. Yet, in many
experiments comparing two groups—a
test group that receives the treatment and
a control group that receives a placebo, for
example—data is often presented in the
form of oversimplified bar charts.
Typically, these charts display a P
value indicating whether differences
between the two groups are 'statistically
significant' or not. For experimental
outcomes, this false dichotomy constrains
interpretation to the presence or absence
of an effect, instead of a more meaningful
consideration of effect size, said Adam
Claridge-Chang, a Principal Investigator
at the Institute of Molecular and Cell
Biology (IMCB).
“Significance testing using P values is
almost always a lousy decision-making
device, but it has become the industry
standard in scientific research due to its
psychological appeal. A significance test
makes it seem that an objective decision has
been made with mathematical certainty,
but this impression is false,” he added.
To go beyond P values, Claridge-Chang
recommends that scientists instead use
estimation statistics, a framework that
focuses on an observed effect’s magnitude¹.
“Instead of pretending to automate

decision making, statistical methods
should be concerned with quantification.
Decisions should be left to the scientists
themselves,” says Claridge-Chang.
In a paper published in Nature Methods,
Claridge-Chang and his team developed
software for quickly generating estimation
plots from experimental data. “Estimation
plots are unique because they show the
observed values alongside the effect size
in a single graphic,” said Joses Ho, a coauthor on the paper and the software’s
lead programmer. “This helps readers
quickly see the range of plausible effects,
providing a complete statistical picture.”
The estimation graphics software is
easily accessible as open-source libraries
for Matlab, Python and R-entitled
DABEST (‘Data Analysis with Bootstrapcoupled Estimation’). A user-friendly
web application is also available at
www.estimationstats.com.
“Plotting the effect size alongside the
observed values was originally proposed
by statisticians in 1986. For some reason,
the world wasn’t ready for this style of plot
at that time,” Claridge-Chang explained.
“We have improved the original plots,
made them more versatile, and created
software that makes it easy for scientists
to use in their daily work.”

ABOVE
Estimation graphics software could help researchers
better interpret their experimental data.
1. H
 o, J., Tumkaya, T., Aryal, S., Choi, H., and ClaridgeChang, A. Moving beyond P values: data analysis
with estimation graphics. Nature Methods 16, 565566 (2019).
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Cities of the future must brace for the impacts
of climate change. Here’s how an integrated
environmental modeling tool developed by
A*STAR is helping Singapore’s urban planners
rise to the challenge.
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A BIRD’S EYE VIEW OF A VIRTUAL CITY
Photo credit: tostphoto / Shutterstock

DESIGNING
TODAY’S
CITIES FOR
TOMORROW’S
CHALLENGES

E

ven if you aren’t an avid gamer, chances
are you’ve heard of SimCity. Released
in 1989 and distinguished by its openended gameplay, SimCity gave many
players their first taste of full control
over a city’s development, forever cementing its place in
video game history.
In a curious twist of gameplay to real-life adaptation,
virtual city simulations are now allowing urban planners
to gain a sense of the outcomes of their decisions without
having to build a single physical structure. At a time when
the world is being dramatically reshaped by climate change,
data-driven modeling of cityscapes is also immensely
useful for governments to brace their cities for the worstcase scenarios brought on by global warming and rising
sea levels.
“Singapore, being a low-lying island with limited land
area, is especially vulnerable to climate change,” said
Hee Joo Poh, a Senior Scientist at the Institute of High
Performance Computing (IHPC), A*STAR, citing rising
temperatures and ongoing urbanization as threats to the
Lion City’s livability.
But all is not lost. “By optimizing environmental
factors, Singapore’s city planners can design housing and
infrastructure that maximize the comfort and wellbeing
of citizens despite climate change,” he quipped.

While it is easier to think of climate as being uniform
throughout Singapore, the fact is that different parts of
the city-state have their distinct climate profiles—known
as microclimates. An area’s microclimate is affected by a
confluence of factors, ranging from natural factors like
wind, sunlight and vegetation to manmade elements like
building density and vehicular traffic.
Accounting for all these environmental factors in urban
planning is a tricky affair, but Poh’s research group has
created a digital tool called the Integrated Environmental
Modeler (IEM) to do just that. Developed in collaboration

Issue 16 | January-March 2020

43

Features

Features

with colleagues at A*STAR’s Institute for Infocomm
Research (I2R) and the Building & Research Institute,
Housing and Development Board (HDB), Singapore,
the IEM leverages multiple data sources to recreate and
simulate microclimate scenarios in Singapore. This sets it
apart from other environmental modelers on the market
that typically only assess one environmental factor at a time.
“The most significant gap that the IEM fills is
integration,” shared Poh. “It is the first integrated and
scalable tool to couple all key environmental physics
factors and their complex interactions into a single unified
platform.”
To create the IEM, the researchers were provided
with intricate 3D geometric data of Singapore by their
collaborators at HDB. The team then developed a module
that could crunch the 3D geometric data to transform it
into a highly realistic 3D simulation of the country¹. At
the same time, 43 environmental sensors were deployed
in Singapore’s eastern half. Powered by the sun, these
sensors gathered data on different parameters such as solar
irradiance, wind and temperature, wirelessly transmitting
the data back to the researchers in real-time.
With vast amounts of data in hand, the researchers then
proceeded to perform the painstaking work of combining
all the various parameters into what would become the
IEM. Data on airflow dynamics, the path of solar heat and
noise propagation were overlaid on the 3D simulation
of Singapore, at a ten-meter horizontal resolution. This,
admitted Poh, was the most challenging part of the project.
“What we have created is not an integration of existing
software, but a system built on a scalable computing
architecture using real-time measurements,” he said.

The IEM is the first
integrated and scalable
tool to couple all key
environmental physics
factors and their complex
interactions into a single
unified platform.
— Hee Joo Poh, Senior Scientist, Institute of
High Performance Computing, A*STAR
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WHEN DIGITAL GETS PHYSICAL
The value of a tool lies in the problem that it solves for its
user. In the case of the IEM, the first problem that Poh’s
team sought to tackle was a microclimate phenomenon
known as the urban heat island effect, which is responsible
for the stark difference in temperature between forested
and urbanized areas.
Urban heat islands result from the construction of
dense urban structures—think skyscrapers and malls—
that trap heat along relatively narrow streets. Coupled
with a lack of shade-providing vegetation and heat from
vehicular traffic, temperatures in these heat islands can
soar to unbearable levels.
Unsurprisingly, satellite data has revealed that urban
heat islands are more apparent in Singapore’s highly
urbanized south. Areas like the Tuas Industrial Park and
Changi Airport are also particularly warm due to the large
swaths of exposed concrete and metal found at these sites.
Meanwhile, the forested north is comparatively cooler
during the day—the researchers reported a temperature
difference of 4oC between well-planted areas and
Singapore’s Central Business District.
By combining these temperature differences in tandem
with computational fluid dynamics (CFD) simulations

of wind speed and direction, as well as the presence or
absence of vegetation and water bodies in an area, the
researchers were able to identify optimal locations to
build amenities such as playgrounds in existing or new
developments¹. Furthermore, by taking noise data into
consideration, the researchers were able to identify a
link between heat distribution and noise propagation in
urban settings.
“Sound travels faster in warmer air, so when the air
above the earth is warmer than the air at the surface, the
sound wave bends back towards the earth,” Poh explained.
“Under such circumstances, the downward refraction may
allow sound to travel over obstacles such as noise barriers
and propagate further.”
Such insights could be useful for Singapore’s urban
planners as more high-rise buildings are being built near
expressways to maximize land usage. The height and
location of noise barriers may also have to be adjusted
to limit the extent of noise pollution experienced by the
buildings’ inhabitants.
BOTTOM
Satellite image showing surface temperature mapping across the whole
of Singapore.
© 2019 A*STAR

BUILDING ON A STRONG FOUNDATION
Analogous to how Singapore’s skyline is in a state of
constant flux, the IEM remains a work in progress as
Poh and colleagues continue to make improvements to
the simulations.
“The long-term vision for the IEM tool is to morph it
into a highly accurate ‘Digital Twin’ model for use with
any urbanized area, capable of accounting for various
factors affecting urban environments,” said Poh. “This
reduces the risk of costly physical trial-and-error and
allows development plans to be tested computationally
before actual implementation.”
Even the features of individual buildings can be
assessed in silico using the IEM, Poh added, highlighting
how he has worked with the Building and Construction
Authority (BCA) of Singapore for more than a decade
on climate-responsive building design, contributing his
expertise on CFD simulations.
“In 2008, BCA included CFD in its initiative (the BCA
Green Mark Scheme) to drive Singapore’s construction
industry towards more environmentally friendly buildings,
and I was engaged as an external assessor for projects
under the initiative,” he said. Then in 2012, he further
collaborated with BCA to develop CFD simulation
methodology and evaluation parameters for modeling
naturally ventilated spaces in non-residential buildings
under the Green Mark criteria.
For his contribution to the field of urban livability
and sustainability in Singapore, Poh was honored by the
Ministry of National Development (MND) as a World Cities
Summit Young Leader in 2014. More recently, in 2019, Poh,
along with Wee Shing Koh from IHPC, Fachmin Folianto
from I2R and Sze Tiong Tan from HDB, were awarded
the President’s Technology Award 2019—Singapore’s
most prestigious science and technology award—for their
work on the IEM.
“Our research helps bring innovative solutions for
sustainable cities planning and design, but beyond the field
of urban planning, climate scientists and environmental
researchers could also use the IEM to simulate and study the
localized effects of future global climate change,” Poh said.
“The findings from such studies would be useful for
government agencies to formulate policies and put in
place measures to mitigate climate-related threats,” he
concluded.

1. P
 oh, H. J., Koh, W. S., Liu, E., Zhao, W., Tan, S. T. et al. Modeling
of Urban Heat Island and Noise Propagation in Singapore. 4th
International Conference on Countermeasures to Urban Heat Island,
National University of Singapore (2016)

Issue 16 | January-March 2020

45

Research Highlights

Research Highlights

PHOTONICS

UV-based anticounterfeiting in
the limelight
Surfaces bearing nanoscale patterns for manipulating
UV light could be the next frontier in anti-counterfeiting
technology and nanophotonic devices.
WHY THIS MATTERS
• The global cost of counterfeiting exceeds US$1 trillion per year.
• T
 ools that help distinguish genuine products from fake ones must
evolve to counter increasingly sophisticated forgery methods.

IMPACT
Is that hundred-dollar bill you just received
real or fake? One way to tell is to check anticounterfeiting features such as watermarks
printed in special inks or hologram stickers,
which rely on reflecting visible light.
Metamaterials that not only reflect,
but change other properties like the
polarization of light, could be used to make
anti-counterfeiting methods even more
secure. However, creating metamaterials
that interact with higher frequency
ultraviolet (UV) light is difficult.
Instead of more conventional materials
like silicon and titanium, researchers led by
Hong Liu at A*STAR’s Institute of Materials
Research and Engineering (IMRE), turned
to niobium pentoxide, a transition metal
oxide with a large bandgap¹.
“In the near-UV spectrum (350-400
nm), we found that niobium pentoxide
exhibits lower absorption loss and higher
transmission efficiency than other materials
like silicon and silicon nitride,” said Liu.
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In fact, the team achieved a transmission
efficiency of approximately 80 percent in
the near-UV spectrum, the highest reported
to date for UV metasurfaces.
Using high aspect ratio nanoblocks of
niobium pentoxide, Liu’s team developed
a hologram using the polarization of UV
light as an added security dimension. When
the nanoblocks are illuminated with UV
light, three different holographic images
are formed depending on how the light is
polarized. Compared to the single image
generated by conventional holograms used
in anti-counterfeiting features like the ones
on banknotes, this UV-based approach
would enable enhanced levels of security,
Liu said.
In addition to anti-counterfeiting
applications, the high transmission
efficiency of niobium pentoxide could
pave the way for miniaturized optical and
photonics elements such as lenses. “Also,
the higher the transmission efficiency,

www.research.a-star.edu.sg

the lower the power consumption
of the device. Efficiency, therefore, is
one of the key technical specifications
of all optics and photonics systems,” Liu
remarked.
“We are currently trying to develop
UV metalenses, which can potentially be
applied to high-resolution lithography,
as well as other flat optical elements for
beam steering, shaping and polarization
control, to tailor UV light properties. We
have also received industry interest in
high-performance UV diffractive optical
elements to split UV light for laser
processing,” he said.

Unlike conventional anticounterfeiting holograms
that only produce a single
image, the UV-based
hologram created by A*STAR
researchers generates
three different holographic
images, depending on the
polarization of UV light. This
makes it much more difficult
to forge.

BACKGROUND
These nanoblocks manipulate the properties of UV
light to generate holograms that are difficult for
counterfeiters to replicate.

Photo credit: © 2019 A*STAR Institute of Materials
Research and Engineering

1. H
 uang, K., Deng, J., Leong, H. S., Lee S. K. Y.,
Yang, R. B. et al. Ultraviolet Metasurfaces of ≈80%
Efficiency with Antiferromagnetic Resonances for
Optical Vectorial Anti-Counterfeiting. Laser and
Photonics Review 13, 1800289 (2019).
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Encapsulating iron
nanoparticles in hollow,
sponge-like zeolites
makes stable and selective
chemical catalysts.
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1. Kwok, K. M., Ong, S. W. D, Chen, L., Zeng, H. C.
Transformation of Stöber Silica Spheres to Hollow
Hierarchical Single-Crystal ZSM-5 Zeolites with
Encapsulated Metal Nanocatalysts for Selective
Catalysis. ACS Applied Materials & Interfaces 11,
14774-14785 (2019).

The strength of steel
comes from carbon, which
is lost when steel is heated,
resulting in weakening
of the alloy. A*STAR
researchers have found a
way to overcome carbon
loss with lasers.

Photo credit: DD2020 / Shutterstock

Not just pretty to look at, zeolite crystals can be
efficient catalysts when manufactured and packaged
in particular formats.

Thanks to their sponge-like nanostructure,
zeolites—crystals comprising aluminum,
silicon and oxygen—have found uses in
many things from washing powder to cat
litter. In addition to acting as a molecular
sieve, zeolites can also be used to stabilize
metal nanocatalysts such as those used
in the ‘cracking’ of crude oil into useful
products like gasoline.
As useful as they are, the effectiveness
of metal-zeolite catalysts is largely
confined to their surface as reactants
diffuse very slowly into the center of the
zeolite particle. To increase the efficiency
of metal-zeolite catalysts, a team of
researchers at A*STAR’s Institute of
Chemical and Engineering Sciences (ICES)
and the National University of Singapore
(NUS) encapsulated iron nanoparticles
inside a hollow, single-crystal zeolite shell
to produce a nanocatalyst called Fe@hZSM5. Chen’s colleague Kelvin Kwok at
NUS played a key role in synthesizing
Fe@h-ZSM5.
“By precisely embedding tiny iron
nanoparticles within hollow hierarchical

Laser heat keeps steel strong

Photo credit: Guryanov Andrey / Shutterstock

Cracking
the code
of better
catalysis

zeolite crystals, we are able to utilize
the ZSM-5 zeolite shell for sieving and
cracking activities¹. At the same time,
this catalyst can reduce undesirable
effects such as sintering and carbon
deposition, processes that often affect
the performance of traditional catalysts,”
explained study author Luwei Chen. This
effect is beneficial given that sintering,
which is the loss of surface area of the
catalyst, causes a significant drop in
catalyst activity.
To demonstrate the functionality of
their catalysts, Chen’s team tested the
performance of Fe@h-ZSM5 against two
non-hollow iron catalysts in the Fischer−
Trøpsch process, whereby a mixture of
hydrogen and carbon monoxide gas is
converted into products like kerosene or
gasoline. “We showed that our Fe@h-ZSM5
catalyst had a higher selectivity and higher
long-term stability compared to catalysts
made from the same materials but without
a hollow structure,” Chen said.
Hua Chun Zeng of NUS, a collaborator
on the project, explained that the hollow
zeolite system is very flexible and can
be adapted to other chemical processes
by using other metals. “For example, by
incorporating nickel, the catalyst can
be used for methane production, while
the copper-zinc catalyst can be used for
methanol or dimethylether production,”
he said.
Going forward, the team plans to
design different hollow zeolite structures
and test them in other reactions such as
carbon dioxide hydrogenation.

The mass production of steel during the
Second Industrial Revolution transformed
the world and ushered in the modern era.
The addition of some carbon into steel
makes it harder and stronger than pure
iron, which is crucial across a wide range
of industries such as construction and
manufacturing.
However, when steel is heated to high
temperatures, carbon atoms can diffuse
away into the air in a process known as
decarburization. “Decarburization is bad
for steel as it weakens the steel surface. It
can occur during any high-temperature
steel treatment,” said Niroj Maharjan,
a Development Scientist who works on
the surface enhancement of materials at
A*STAR’s Advanced Remanufacturing and
Technology Centre (ARTC). As such, his
team decided to use laser beams as a heat
source to see if they could reduce the extent
of decarburization¹.
The researchers, in collaboration
with a Singapore-based industry partner,
Precision Laser Solutions, tested laser
treatment on carbon steel and low-alloy
steel. They optimized the power density
of the laser beam to 1.27 × 105 W/cm² and
delivered it to the work surface with a spot
size of 0.5 mm, at a scanning speed of 10
mm/s. Because the laser heats the steel

surface at a very small point then moves
on, the heated point cools off very rapidly,
thereby limiting decarburization.
The team reported no detectable
carbon loss for the low-alloy steel, while
the layer of carbon loss in the carbon steel
was only a third of what they observed
using an ordinary furnace.
“The rapid cooling also produces a
very hard phase of steel called martensite
which is very resistant to wear. We believe
martensite formation suppressed the
adverse effects of decarburization during
the laser treatment process, and we saw no
significant change in the wear performance
of the carbon steel,” Maharjan said.
Nonetheless, Maharjan believes that
carbon loss can be further reduced by
applying a coating of graphite, or some
other carburizing medium, to the surface.
Not only would this strategy minimize

carbon loss, it could also improve the
surface properties of the material.
“In addition, we have seen encouraging
initial results when we perform laser
processing in a carburizing atmosphere,
which also allows the steel surface to absorb
further carbon. This has given us steel with
even higher surface hardness, opening up
various possibilities in the processing of
high-quality steel,” he said.

ABOVE
Lasers aren't just useful for cutting metal. At a proper
power density and scanning speed, lasers can be used
to strengthen steel.
1. M
 aharjan, N., Zhou, W., Zhou, Y., Wu, N.
Decarburization during laser surface processing of
steel. Applied Physics A 124, 682 (2018).
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A*STAR researchers have
developed a method to
generate large monolayer
crystals of molybdenum
disulfide for use in
scaled-down and flexible
electronics.
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Simulating louvers need not be computationally
expensive, say A*STAR researchers.
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BACKGROUND
The shrinkage of modern electronic devices is
attributed to the decreasing size of transistors.

1. Tong, S.W., Medina, H., Liao, W., Wu, J., Wu,
W., et al. Employing a Bifunctional Molybdate
Precursor To Grow the Highly Crystalline
MoS2 for High-Performance Field-Effect
Transistors. ACS Applied Materials and
Interfaces 11, 14239-14248 (2019).
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Lowering the cost of
louver simulations

the fabrication and demonstration of
high-performance devices on large-area
and grain boundary-free molybdenum
disulfide single crystals.”
The group therefore explored the use
of an alternative crystal precursor, sodium
molybdate dihydrate, which not only
provides the initial molybdenum for crystal
formation, but also enhances the nucleation
and lateral growth of the crystal, enabling
much larger crystals to be produced. Using
this method, the team managed to grow
monolayer molybdenum disulfide crystals
larger than 300 micrometers.
Remarkably, FETs containing these
large monolayer crystals exhibited electron
mobility approaching 90 cm² V-¹ s -¹,
outstripping that of crystals generated
through existing methods, which typically
display electron mobility ranging between
8–63 cm² V-¹ s-¹.
Now, the researchers are looking to
incorporate these crystals with various
self-powered, ultrathin and flexible
electronics. Tong also noted that the ability
to synthesize large-sized monolayer crystals
paves the way for other applications. “Our
approach and findings should enable
researchers to design or conduct highthroughput experiments where strictly
monolayer and grain boundary-free single
crystals are required, such as for quantum
optics, valleytronics and piezoelectric
applications,” said Tong.

Photo credit: Ekaterina Lin / Shutterstock

Bigger,
better
conductive
crystals a
boon for
electronics

Electronic devices are becoming smaller
in size, yet the number of functions
each gadget can perform is constantly
increasing. Driving these improvements
is an essential component known as fieldeffect transistor (FET). The most common
FET in modern times—called MOSFET,
short for metal–oxide–semiconductor
field-effect transistor—was built using
silicon around the end of the 1950s.
However, silicon-based FETs that are
miniaturized below a certain size face issues
arising from the short channel effect, which
negatively impacts the flow and control of
electric current. Scientists led by Dongzhi
Chi at the Institute of Materials Research
and Engineering (IMRE), in collaboration
with colleagues at the National University
of Singapore and Shenzhen University,
China, are now seeking to circumvent this
limitation with an alternative material:
molybdenum disulfide¹.
Known to possess high electron mobility
and immunity to the short channel effect,
molybdenum disulfide is superior to silicon
in downscaled digital electronic devices.
Yet, growing molybdenum disulfide crystals
at scale remains difficult.
“The reported grain size of singlecrystal, sulfurization-grown molybdenum
disulfide was typically limited to several
tens of micrometers or less with
conventional molybdenum precursors
such as molybdenum metal and
molybdenum oxides,” explained
IMRE’s Shi Wun Tong, the lead
author on the study.
“This limited

Simple as they may seem, louvers are a
critical architectural feature that help
maintain adequate ventilation and natural
lighting in buildings. Placed optimally, they
keep a building’s energy consumption low
while raising the comfort of its inhabitants.
This is good news for building managers and
city planners, but deciding on the number
and locations of louvers to maximize their
positive outcomes remains tricky.
Computational fluid dynamics
simulations, which model the flow of
air or liquids under specific conditions,
allow planners to assess a building’s
ventilation and lighting properties before
construction begins. “However, full explicit
representation of louvers on buildings in
urban simulations is computationally
expensive, so louvers are often omitted in
these simulations,” said Chinchun Ooi at
A*STAR’s Institute of High Performance
Computing (IHPC).
Full explicit representation means that
louvers are modeled as smooth, flat structures
with uniform thickness. Such details raise the
overall complexity of computational fluid
dynamics simulations. Ooi and his colleagues
thus devised what they call a “porous media
model” that is less computationally intensive¹.
They then simulated wind velocity and
pressure drop of air passing through porous
media, comparing the results with that of
the explicit representation model across a
range of parameters, including the angle of
tilt, blade length, and distance between blades
of the louvers.

Compared to the explicit representation
model, the porous media model required
one magnitude less of computational power
to complete. The researchers also showed
that the porous media model performed
similarly to the exact representation model
for simple building simulations. Under
more complex scenarios, however, the
porous media model became inaccurate.
“Going forward, we plan to improve
the accuracy of the porous media model
for when the incoming wind direction is
oblique to the actual louvers. We will also
aim for an improved description of the
impact of turbulence on the porous media
model,” said Ooi.
The team is confident that their
findings will help bring about awareness
of the tradeoffs between accuracy and
computational costs, enabling informed
decision-making by industry practitioners.
“This is a first attempt to quantify the
loss in accuracy from using the porous
media model relative to a fully explicit
simulation. Hopefully, our findings
will increase the receptiveness towards
including louvers in building simulations
for design and optimization, as opposed
to completely omitting louvers from the
models,” he concluded.

1. O
 oi, C., Chiu, P. H., Raghavan, V., Wan, S., Poh,
H. J. Porous media representation of louvers in
building simulations for natural ventilation, Journal
of Building Performance Simulation 12:4, 494-503
(2019).

Simulations that accurately represent the effect of
louvers on air flow are computationally expensive.
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MICROBIOLOGY

Here’s a sneak peek of the material covered
in the next issue of A*STAR Research

BRAIN–COMPUTER INTERFACE BEHAVIOR

SOLVING THE PUZZLE
OF HUMAN GUT
MICROBIOMES

MIND OVER MATTER
FOR STROKE
REHABILITATION

SOUNDING THE ALARM
WHEN THINGS ARE
FISHY

A*STAR scientists have devised
an algorithm for accurately
assembling genomes, paving
the way for in-depth analysis
of microbial communities in the
human gut.

Mental practice of upper limb
movement and visual feedback
could help improve physical
rehabilitation among stroke
patients.

A*STAR researchers uncover
how bacteria and the immune
system generate alarm
behavior in fish.

MACHINE LEARNING

BUILDING BETTER
SUPERALLOYS WITH AI
Machine learning could pave
the way for the creation of
novel alloys for a range of
practical applications, an
A*STAR study finds.
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