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From the Publisher’s Desk

Welcome to Biotechnology Kiosk!

The new issue of BK is now live for our
readers with the regular features. This issue
includes an opinion on the applications of
Artificial Intelligence and remote sensing
technologies for modern agriculture and food
productions and editor picks.

We hope our readers will enjoy reading
these news and views on the current cutting-
edge topics that include latest research
breakthroughs in different areas of medicine
and biotechnology.

We look forward to receiving your feedback.
We do hope that you will enjoy reading this
issue of Biotechnology Kiosk. Please do
write to us with your comments. Your
suggestions are always appreciated.

Dr. Megha Agrawal & Dr. Shyamasri
Biswas.

Editors-in-Chief, Biotechnology Kiosk
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Abstract

The ever-changing climate coupled with increasing demand for more land and water resources
along with the threats of global pandemic have put a lot of pressure on modern agriculture and
food production systems. It is critical to maintain environmental and economic sustainability of
current and future food supply systems in order to secure enough food to feed and sustain a
fast-growing global population. To this end, new innovations in scientific and technological
advances are thought to be essential to gain insights into the interaction of various components
of the agricultural system ranging from the cell to the field level. There have been advances in
genetic tools that have enabled superior food production. However, the large-scale assessment
of crop status in the field still remains a formidable challenge. Recent innovations in remote
sensing and Artificial Intelligence (Al) based agriculture and food production have shown a lot
promise in quantifying field scale phenotypic information accurately. In addition, studies have
suggested the possibility to integrate the big data into predictive and prescriptive management
tools. In this opinion, we have assessed the use of remote sensing and Al technologies that
could potentially improve the resilience of agricultural systems and help address the agricultural
and human nutrition challenges over the next decades.

Keywords: Remote sensing; artificial intelligence; food production; agriculture; big data
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INTRODUCTION

During the past several decades, systems
that oversaw  worldwide agriculture
production faced serious challenges. These
include limited water supply for irrigation,
significant increases in production costs and
a reduced farm workforce along with climate
change. In addition, it is to be noted that the
recent global pandemic from COVID-19
caused significant disruption of food
production and supply systems almost
everywhere in the world. It is believed that all
these factors could harm the economic and
environmental sustainability of the current
and future food supply systems that are
critical to feed the increasing global
population [1-4].

Various recent studies have indicated
that despite research advances made in
agriculture tools, processes and strategies, a
renewed drive in new innovations in the
agriculture biotechnology sector will be
needed in order to mitigate the challenges
faced by persistent climate change and other
factors listed above. The key issue is
developing capability to produce sufficient
quality food for the fast-growing global
population sustainably. To this end,
biotechnologists and agriculture scientists
have focused on utilizing state-of-the-art
technologies along with developing strategies
to integrate them into highly productive
agriculture systems [4].

Among existing techniques, dynamic
crop simulation models are considered useful
tools for integrating diverse components of
agriculture systems. This enables to explore
how those components function within the

system. Recent advances in artificial
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intelligence (Al) within agriculture disciplines
have shown tremendous potential to leverage
big data for developing modern agriculture
and food production systems. To make it
easily accessible, the use of Unmanned
Aircraft Systems (UAS) and remote sensing is
of high interest and currently gaining
attention. UAS based strategies offer
unprecedented opportunity to empower
advanced analytics for managing agricultural
systems. This can result in improving the
resiliency and efficiency of production
systems. To this end, substantial research
and developments have focused on the use
of remote sensing technology for sustainable
agriculture by adopting UAS technologies.
This is believed to open up new avenues in
future studies focusing on integration with
space borne remote sensing data for national
and global scale studies [4-7].

UAS technology platform is based on
the concept of Unmanned Aerial Vehicle
(UAV) structure that is used to mount extra
tools and sensors. Several such platforms are
available to employ that include parachutes,
blimps, gliders, rotorcrafts, and fixed-wing
aircrafts. Among all these technology
platforms, the frequently used platforms in
agriculture are fixed-wing aircrafts and
rotorcrafts and are popular because of their
ability to cover vast areas of land quickly and
create datasets with relatively high temporal
resolution [8]. These platforms are considered
promising for applications in large-scale field
mapping and spraying. Especially, rotorcrafts
are very attractive for their ease of use that
does not require runway, lower cost, and their
ability to hover that results in high spatial
resolution imaging (Figure 1) [4].
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Figure 1: (Top) The development workflow for UAS based HTP application. Using this platform,
the quality of raw data can result in the accuracy of developed applications (VIs-Vegetation
Indices, GPS-Global Positioning System, DSM-Digital Surface Model). (Bottom) The technology
concept for bridging the genome-phenome gap using an Unmanned Aerial System (UAS) based
High Throughput Phenotyping (HTP) system [Source: Current Opinion in Biotechnology (2021)].
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Despite the promise of UAS based operation,
it is often challenging to deploy individual
physical sensors because they are costly and
time-consuming. In addition, to keep them
operational in the field is somewhat also
challenging due to the fact that they often
interfere with field operations that include
tillage, planting, spraying, and harvesting [4].
To overcome these challenges, one viable
route has been suggested that involve plants
integrate genetics and its surrounding
environments. This can be done by
responding to soil physical and chemical
properties, moisture availability, biotic and
abiotic factors along with management
practices. For example, researchers have
proposed a strategy that involves plants
serving as field-based biological probes,
which can be assessed by sensors on-board
UAS (Figure 1) [4].

An area of concern is the limitation of
conventional methods of collecting crop data
that often fail to capture in-field variations.
This happens because of limited sampling
size that are prone to a certain level of
subjectivity. Researchers have proposed a
route to address this issue by employing UAS
equipped with appropriate sensors. This
strategy can result in a cost-effective process
to rapidly measure the time course of plant
growth most accurately. These are
considered relatively affordable systems that
can be leveraged for collecting fine spatial
and high temporal resolution data that are not
possible to obtain otherwise by using
traditional airborne and space borne remote
sensing platforms [5-7].

The common use of UAS in agriculture
is based on aerial imaging. This has been the
driven factor for the design and development
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of imaging sensors and cameras that can be
employed to operate these systems on board.
There are several important considerations
for on board operation. For example, a
particular payload is required in every UAV
platform. However, it limits the sizes of
imaging equipment. Similarly, it has been
observed that the UAS suffer from decreased
speed, stability, and flight time with increasing
payload. Further, an important consideration
for effective equipping a UAV is the velocity at
which it will be flying at the time of capturing
images. Blurring in images is also a subject of
concern at higher flight speeds. This can
result in motion without the proper cameras
and supporting algorithms. This problem can
be overcome by rotorcrafts with greater
hovering capabilities. Researchers have
demonstrated devices comprising important
sensors and cameras that include standard
RGB cameras, multispectral and NIR
cameras, hyperspectral cameras, thermal
sensors, and also depth sensors [8-10].

While several breeding programs have
been shown by adopting UAS, critical long-
term challenges still remain to be addressed.

These are related to data
collection/processing and interpretation of the
processed data that are required to address
before breeders can be fully operational
embracing these systems. It is believed that
integrity and quality of the raw data will be
crucial with the current rapid progress in raw
data moving through the application
development pipeline in all future
applications. This will be needed to ensure
the accuracy of predictive models (Figure 1)
[4]. To this end, researchers have proposed
developing standard protocols for data
collection, processing, and interpretation. It is
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believed that UAS based High Throughput
Phenotyping (HTP) system can have a
significant impact on the rapidly evolving Al
sector. Some studies have shown notable
performance using a large dataset to train Al
models even when noisy data is involved.
This suggests that it is probably essential to
obtain the volume of training data for
developing robust Al models for agriculture
applications [4].

Another area is currently being
explored that includes advanced genomics for
leveraging analytical tools for crop breeding
programs. It is believed that it will help
understand the molecular basis of complex
traits. For example, next-generation
sequencing (NGS) technology can be
employed to improve the efficiency of marker-
assisted and genomic selection. This is
considered advantageous as it reduces the

amount of time and also cost that is required
needed to genotype a large number of
breeding lines. Researchers have shown
significant breakthrough in the development
of high yielding, superior quality rice varieties.
This was achieved by pyramiding multiple

complex traits using high-throughput
genotyping methodologies [4]. Further, there
is a possibility of obtaining multi-temporal
phenotypic traits. This can be accomplished
by using UAS that can reveal important
information about the genotype, environment,
and interactions. Thus, merging the fields of
genomics and UAS based phenomics could
pave the way to future breakthroughs to
dissect complex agronomic traits and identify
genes governing these traits. Future research
and developments are anticipated to focus on
this integration of genomics and UAS based
phenomics to achieve the ultimate goals of
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increasing the size, efficiency, and genetic
gain of breeding programs (Figure 1) [4].

In conclusion, over the years, a
significant volume in agriculture research has
focused on developing sustainable crop
management practices. In all future studies, it
is believed that the attention will be shifted
towards improving resource use efficiency of
agricultural systems in order to meet current
challenges and future needs for enhanced
food production. To achieve the goals, it is
anticipated that UAS based HTP system will
be critical to provide a reliable platform that
can be leveraged to quantify phenotypic
information at field scales. Further, the
possibility to integrate with the GWAS will be
a promising strategy that will help speed up
breeding cycles in many crops. To this end,
new innovations are already taking place that
involves coupling the UAS based HTP system
with space borne remote sensing, Al, and
crop simulation models, these are critically
important steps to develop large-area digital
agriculture applications in the future.
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Biotechnology Advances around the World

Editor’s Picks

Every issue of Biotechnology Kiosk presents select latest research news picked by the editors-
in-chief on significant research breakthroughs in different areas of biotechnology around the
world. The aim is to promote further R&D in all of these cutting-edge areas of biotechnology.
The editors have compiled and included the following innovations and breakthroughs to highlight
the latest biotechnology advances.

Dr. Megha Agrawal Dr. Shyamasri Biswas
Co Editor-in-Chief Co Editor-in-Chief
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Heart Failure

Linking Aspirin with increased risk of heart failure in some cases

The research on the influence of aspirin on
heart failure has produced mixed and
controversial data. Recently, scientists in
Germany focused on a study that aimed to
evaluate the relationship of Aspirin with heart
failure incidence in people with and without
heart disease and assess whether using the
drug is related to a new heart failure
diagnosis in those at risk.

In this study, researchers found
Aspirin use was associated with a 26% raised
risk of heart failure in people with at least one
predisposing factor for the condition.
Predisposing factors included smoking,
obesity, high blood pressure, high
cholesterol, diabetes, and cardiovascular
disease.This study was published in ESC
Heart Failure, a journal of the European
Society of Cardiology (ESC) (Aspirin use is
associated with increased risk for incident
heart failure: a patient-level pooled analysis.
ESC Heart Failure, 2021; DOl:
https://doi.org/10.1002/ehf2.13688 ).

The study included 30,827 individuals
at risk for developing heart failure who were
enrolled from Western Europe and the US

into the HOMAGE study. Researchers
defined at risk as one or more of the
following: smoking, obesity, high blood
pressure, high cholesterol, diabetes and
cardiovascular disease. Participants that
were selected for this study were aged 40
years and above and free of heart failure at
baseline. Subsequently, Aspirin use was
recorded at enrolment and participants were
classified as users or non-users. Further, all
participants were followed-up for the first
incidence of fatal or non-fatal heart failure
that required hospitalization.

This was the first large study to
investigate the relationship between aspirin
use and incident heart failure in individuals
with and without heart disease and at least
one risk factor. The results suggested that
aspirin should be prescribed with caution in
those with heart failure or with risk factors for
the condition. However, researchers also
suggested further large  multinational
randomized trials in adults at risk for heart
failure to verify their interesting results.
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Computational Neuroscience

Understanding brain injuries and disorders

A strong focus in neuroscience research has
been to gain insights into the functional
connectivity due to its potential for biomarker
for brain disorders that are related to
conditions such as depression,
schizophrenia, dementia, and ADHD. To this
end, studies have been conducted using
brain simulations in clinical applications for
modeling lesions or diseases. Recently,
researchers in the United States showed a
new model that revealed a better lens
through which to look at the brain. This
allowed to see more clearly what goes on
under both normal and abnormal conditions.

In this new study that involved new
model of brain activity, researchers explored
striking bursts of activity in the human brain
that were not previously examined. This
study suggests that these bursts may have
potential to serve as biomarkers for brain
disease and conditions such as depression,
schizophrenia, dementia, and ADHD. This
research was published in PNAS (Modular
origins of high-amplitude cofluctuations in
fine-scale functional connectivity dynamics.
Proceedings of the National Academy of
Sciences, 2021; 118 (46): 2109380118 DOI:
https://doi.org/10.1073/pnas.2109380118 ).

Researchers analyzed human
neuroimaging data and they discovered short
bursts of activity that form ongoing events in
the brain. These events were observed to be
always taking place no matter the activity or

Biotechnology Kiosk, 3, 12 (2021)

state of the brain. In the course of a 10-
minute brain scan, these events were found
to occur roughly 10 to 20 times, each lasting
for just a few seconds.

In their study, the research team first
built a computational model to begin
investigating the workings of these
mysterious events. The model was then
simulated in a state similar to the resting brain
to create synthetic MRI signals, using
mathematical equations that reenact
neuronal activity.

They found that the model showed
burst-like events just like those seen in
human brain recordings. The model also
showed that these events were guided by the
brain's structural network. Further, it was
noticed that the events originated in clusters
of neurons and brain regions that were
densely interconnected and momentarily light
up together.

They then compared the pattern to an
orchestra playing a piece of music.
Subsequently, a clearer mapping of structure
and function at the individual level emerged
that could have implications for how
neurological disease could be diagnosed.
This could eventually lead to superior
personalized treatment and intervention.

Compiled and Edited by Dr. Megha
Agrawal and Dr. Shyamasri Biswas.
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