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Short Communication

The commercialization of transgenic crops has expanded rapidly in
the past decade. However, there are still debates and concerns about
the safety issues of these crops for human health and their
environmental impact. Debates have also focused on the
socioeconomic consequences of the monopoly of seed production of a
few companies. While adhering to national and international
regulations to ensure the health of people and the environment, the
broad applications of this technology would be difficult without
addressing the public concerns of biosafety and other related issues,
including social and ethical considerations. Golden rice has been
developed based on transgenic technology with aims to prevent
blindness and reduce malnutrition from vitamin A deficiencies by
reintroducing the biosynthesis pathway of beta-carotene into the rice.
However, it is still stuck in the lab after its invention nearly 15 years
ago due to public resistance and skepticism of this product [1].

Synthetic biology is a new and rapidly growing field that is building
on experiences in genetic engineering, bioinformatics, system biology,
and the principles of engineering science [2,3]. Its development and
biosafety management should also build on the previous experiences
of transgenic technology. In contrast to traditional genetic
engineering, synthetic biology attempts to introduce a large number of
heterogeneous genetic circuits into host cells by designing and
constructing new biological parts, devices, and systems. Even synthetic
forms of life can be constructed [4]. Synthetic biology brings new
opportunities to life sciences research and industrial production [3].
With its successful applications in the biomass-based productions of
biofuels, pharmaceuticals, and bulk chemicals, its potential
contribution to sustainable development is highly expected. However,
there are also concerns on its impacts on society and the environment,
and these should be addressed in order to enable further development
of this technology. Scientific knowledge is the determinant of attitudes
toward science [5]. Thus, it is crucial to communicate with the public
on the benefits and risk management of synthetic biology while trying
to implement appropriate measures to eliminate, reduce, and manage
the risks.

The current research activities in synthetic biology are mainly
focused on microorganisms, such as bacteria, viruses, and yeasts,
which leads to concerns on the creation of novel pathogens that may
result in biosafety and biosecurity problems. For example, scientists
have successfully synthesized several viruses that could lead to fatal
diseases, such as poliovirus [6] and the 1918 Spanish influenza virus
[7]. Although antibiotics and vaccines have played important roles in
combating the infectious diseases caused by microorganisms, many
pathogens still pose great challenges to public health. These pathogens

range from multiple drug-resistant bacteria to lethal viruses (bird flu
virus, HIV, Ebola virus, etc.). The situation may become worse if the
revival of lethal pathogens, such as synthetic Spanish flu virus, can be
achieved with the development of modern biotechnology, such as
synthetic biology that can synthesize the whole genome of the virus
and revive it. Currently, it is also possible to enhance the virulence of
known pathogens with new traits that can contribute to their
competence and resistance to existing treatments. It is believed that
new pathogens can be created with technologies that have been
developed for synthetic biology. For example, a novel type of avian flu
virus with enhanced infectivity in mammalian animals may be created,
and the H5N1 virus can be modified to evolve into a dangerous
human virus [8].

The International Genetically Engineered Machines (IGEM)
competition since 2004 is an event that attracts university students
from around the world who represent their interest in the technology
and who may become key players in the field of synthetic biology in
the near future. One of the aims of the competition is to attempt to
build simple biological systems from standard, interchangeable parts
and operate them in living cells. In recent years, the organizers
requested the participants to respond to biosafety issues and questions
about their synthetic biology projects as a standard procedure in the
competition. The most important issue that the participants were
concerned about was laboratory biosafety [9]. The biosafety concerns
raised by the IGEM teams mainly focused on physical and biological
containment in routine laboratories of universities (normally below
biosafety level 2). The risk assessments of DNA materials (or
biobricks) and pathogens were considered the priority for safety
management. There is a possibility that synthetic biology research and
the products (organisms/molecules) that are derived by this
technology will pose higher risks than the traditional transgenic ones
because synthetic biology employs genetic elements from various
sources (even completely new designs). However, concerns about risk
assessment and management of synthetic biology are based on
traditional transgenic organisms because they both involve DNA
recombination and genetic engineering technologies [10]. Thus, the
precaution principle, a case-by-case approach, and the use of other
related methodologies for the risk assessment of transgenic technology
may still be valid for synthetic biology. For example, biosafety
containment guidance from the fifth edition of Biosafety in
Microbiological and Biomedical Laboratories is applied in synthetic
biology research. NIH Guidelines for Research Involving Recombinant
Molecules have been slightly revised to include synthetic nucleic acid
molecules [10].
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The risks are defined by the applications of the technology. Thus,
risk assessment and management of synthetic biology depend on the
nature of the applications, such as biofuel production, medical
therapies, or food/feed [11]. In addition, the use of these applications,
such as contained use or environmental release, should also be taken
into consideration. Similar to the potential risks of engineered
organisms and/or their derived products from transgenic technologies,
the biosafety issues of synthetic biology are also related to three
aspects--health, environment, and ethical, legal, and social
implications [9]. The biosafety issues in synthetic biology have recently
attracted attention from the Convention on Biological Diversity and
have been extensively discussed several times at the meetings of its
Subsidiary Body on Scientific, Technical, and Technological Advice
[12].

Stability of the heterogeneous traits within the host cells and the
expression of synthesized genes should be the prerequisite for the use
of the synthesized organisms/products that are developed by synthetic
biology. Actually, this stability maybe also determined by the
environmental conditions and other related factors [13]. Because the
synthesized product may be composed of many individual circuits/
bricks/genomes, the compatibility among different parts will
determine the stability of the gene expression and the designated traits.
These properties of the genetic elements are the important genetic
information that is needed to assess safety issues. A recently funded
program by US DARPA named Biological Robustness in Complex
Settings (BRICS) aims to solve the challenges regarding robustness,
stability, and safety of novel synthetic biology organisms.

The substantial equivalence principle is hardly applicable in
transgenic technology [14] and less suitable for biosafety assessments
in synthetic biology. Once synthetic biology delivers the kind of
complex genetic circuits that it aims to design and produce, we may
not find a conventional comparator to assess the organisms or
products, and it will be difficult to predict the possible interactions of
various biological parts (genetic circuits, DNA fragments, and
biobricks, etc.) within host cells and with other cells, if released into
the environment. Uncertainty is another important issue that needs to
be taken into consideration in risk assessment and management [14].
Thus, the risk assessment procedure should be used to identify the
uncertainty, while management strategies should be developed to
reduce and/or deal with the uncertainty. Information and evidence
used for assessments need to be scientifically sound and updated
according to the latest scientific knowledge.

Food/feed safety of the synthetic biology-derived organisms/
products should be tested thoroughly before authorizing their
commercial use, as was the case already for transgenic products. The
transfer of synthetic genetic materials or products through the food
chain will initiate debates on their safe use like the discussion on the
movement of transgenes and transgenic products in traditional genetic
engineering [15]. Appropriate tests, such as toxicological assays and
animal models for gene transfer studies, should be conducted to
evaluate food/feed safety of the products derived from synthetic
biology [11]. Food safety is an area of primary concern for public.
However, it is difficult to assess and control the impacts on the
environment because the recovery from or remediation of causal
agents in the environment is challenging. Both food safety and the
environmental effects of synthetic biology are important aspects of
biosafety consideration. They have the potential to significantly impact
society, and these issues should be investigated further by the research
community and discussed among broader stakeholders.

The interactions of engineered organisms with others in nature will
affect natural organisms at certain trophic levels [15], such as
microbial decomposers, plants, herbivores and their predators or
parasites, and this may depend on the trophic level to which the
engineered organisms belong. This interaction in the natural
ecosystem will affect biodiversity and cycles of nutritional elements
and biogeographical/biochemical components and, therefore, the
function and stability of the ecosystem. The interactions among
organisms and their environments will also be affected by
environmental factors, such as climate change.

Because synthetic biology-derived organisms may have certain
traits that are selectively advantageous against biotic or abiotic factors,
there is a possibility of the persistence of this organism in nature to
become invasive in the environment. Thus, the probability of
persistence and its consequences should be evaluated as part of the risk
assessment of synthetic biology-derived organisms or products. In
addition, genetic materials (circuits, genetic elements, and genomes)
may escape by hybridizing with sexually compatible wild species and
become established in nature. The effects of this vertical gene flow as
well as those of horizontal gene flow would then largely depend on the
resulting fitness of the organisms [16].

The use of synthetic biology within contained settings has served as
a very important strategy in biosafety management, which includes
physical, temporal, and spatial isolation. Further containment
strategies of synthetic organisms have been proposed [17], but they
should be validated before being applied. The so-called genetic firewall
approach has also been proposed to separate novel organisms from
natural ones by creating a parallel genetic world that is not compatible
to any known organisms on earth. For this hypothesis, a genetic
firewall is created by designing orthogonal systems (xenobiology) by
replacing deoxyribose in DNA with other backbones to convert DNA
into xenonucleic acids (XNA), which would result in the whole
genome being written in XNA, which is not recognized by the natural
world [18]. However, the stability of such incompatibility and new
biosafety and biosecurity issues need to be experimentally evaluated
first.

Risk assessment of new synthetic biology-derived organisms is
predominantly based on the experiences with transgenic organisms.
As of 2014, practically all areas of synthetic biology can still be handled
with existing regulatory frameworks and risk assessment procedures.
In the coming years, a number of tools and strategies to assess the risk
will become less relevant, such as the use of a comparator organism to
establish the risk. While the concept of risk assessment is valid to date,
synthetic biology challenges risk assessments because it requires a
wealth of new data that needs to be produced and evaluated to help
make scientifically correct decisions. Any new technology may have
both benefits and harm, and the applications of new technology
should proceed with caution in order to avoid any unnecessary risks
and to minimize the negative effects through appropriate assessment,
management, and long-term monitoring [19]. Once the strategy for
risk assessment and management is developed and validated, safe,
robust, and stable applications of this new technology may be ensured.
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