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[Unofficial translation]
The Effect/Impact of Biotechnology Progress on BWC

Submitted by China

1. During the recent years, biotechnology has made great advances. The
development in some areas, such as synthetic biology, genomics, systematic biology
and enabling technologies, is especially noticeable. On one hand, these developments
have greatly promoted the improvement of biological sciences, which is of great
importance for the elucidation of molecular mechanisms of relevant diseases and
design of efficient prevention and treatment measures. On the other hand, these
developments have created new challenges and risks, and the negative effects have
become more obvious.

. Synthetic biology

2. From the synthesis of a single gene, single pathway, single chromosome to the
totally chemical synthesis of the whole microbiological genome with life features,
synthetic biology has made remarkable progress. Due to its impact on human health,
social and economic development, and even the environment, as well as its potential
risks of misuse, the development of synthetic biology is attracting much attention. At
present, the diverse standard DNA regulatory elements or modules have been designed,
synthesized and deposited, which can be further combined to construct whole
pathways, complex genetic networks with special functions. The artificial design and
reconstruction of terpenoid synthesis pathways and biological production of Artesunate
acid, the precursor of antimalarial drug in yeast are cases of typical successful
application of synthetic biology to the green production of medical drugs to facilitate
the human health. Creation of a new form of bacterial cell controlled by a totally
chemically synthesized genome which was transferred to a genome DNA repelled
“empty cell” is a great event during synthetic biology development.

3. The rapid advancement of high-throughput DNA synthesis has greatly reduced
the technical “bottle neck” of synthetic biology. As DNA synthesis becomes faster,
cheaper and more efficient, the risks of its misuse are greatly increased.

4. The high throughput/automatic DNA chemical synthesis and assembly have
greatly facilitated the availability of research materials of different countries, while
providing a good opportunity for the efficient monitoring and control of DNA
synthesis. By establishing commercial order sorting, filtering and differential
authorizing website administration system connected to the central pathogenic
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microbiology genome database, the whole process of researches related to pathogenic
microbes can be efficiently monitored and controlled.

Genomics

5. Ever since the Human Genome Project was completed in 2003, relevant
researches are developing rapidly. Different large-scale genome projects, such as 1000
Genomes Projects, the Earth Microbiome Project, are under way. While the results of
1000 Genomes Project and other relevant researches have revealed diverse human
population specific genetic variations and associated functions, the GWAS (Genome-
wide association study) has strongly indicated that the population-specific genetic
variation is related to disease sensitivity. The confirmation of the correlation between
genetic variation and disease sensitivity makes it possible to improve the specific
microbes’ pathogenicity, infectivity, and host specificity using combinatorial
approaches of synthetic biology, reverse genetics and whole genome in vitro directed
evolution. Recently, the successful change of the infectivity and host specificity of high
pathogenic H5N1 avian influenza suggests that the potential and practical risks of
misuse of relevant researches are increasing.

6. Thanks to the rapid progress of high-throughput next generation sequencing, the
human microbiome research has revealed that our human body is closely associated
with specific microbiome or human second genome that might be highly correlated
with human genetics and exogenous environment elements such as dieting. The
primary results of human microbiome researches also indicate that our normal
physiological functions are closely related to our second genome, whose disorder
might affect normal physiological metabolism of humans and even cause illness. The
strong correlation of our second genome with our physiological functions provides an
alternative cryptic approach to attack human population specifically through population
specific microbes, even daily dieting. The rapid development of nanomaterials and
nanotechnology will also provide important tools for and approaches to efficient
delivery of artificially modified and designed microbes.

Systematic biology

7. In recent years, the “x-omics” such as genomics, transcriptomics, proteomics
and metabolomics have undergone great development. Systematic biology was born at
the right moment. By integrating biological knowledge/information at different levels,
systematic biology seeks to develop a describable, predictable mathematical model to
synthesize experimental data and computational tools. The ultimate goal of systematic
biology is to use the model to study the interactions of individual biological
compartments. Because of the extremely large scale and complexity of “x-omics”
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datasets, it is still quite difficult to establish a reasonable mathematic model in the near
and foreseeable future.

Enabling Technologies

8. Enabling technologies are the cornerstones of rapid progress of biological study.
Communication technology will facilitate the global distribution of computing and data
resources, and the capacity of fundamental research and development, promoting more
rapid and cost-effective development of biological studies. The rapid development and
integration of the internet, electronic & information engineering and mobile
communication will further boost global collaboration in scientific research and spread
of scientific information/knowledge.

High throughput system

9. The high-throughput system has greatly increased the speed and capacity of
functional analysis via parallel sample preparation, treatment and detection. As an
emerging and highly efficient research tool and support system, high-throughput
technology is extensively used in many active areas, such genomics, proteomics,
systematic biology, synthetic biology. As the cornerstone of proteomics, the
increasingly robust high-throughput mass spectrometry technology is widely used to
quantitatively analyze protein and peptide samples, which makes it possible to detect
and confirm microbes and toxins rapidly and sensitively. Mass spectrometry (MS)
can also be used for high-throughput nucleic acids analysis, which is particularly useful
for the detection of uncultivable microbes. Hence, the development of high-throughput
MS technologies will facilitate the surveillance and diagnosis of BWC relevant agents,
and forensic medicine.

DNA sequencing

10.  DNA sequencing is one of the fastest-developing fields. The second generation
sequencing system can reportedly read up to 25 billion bases of DNA per day in 100
base pair read lengths. With the rapid increase in DNA sequencing capacity, the costs
of DNA sequencing will be greatly reduced. With the more robust third generation
sequencer on the horizon, the cost of sequencing an entire human genome is likely to
be below $1000.

11.  The rapid development of increasingly efficient high-throughput sequencing
technologies is essential for the rapid sequence determination of the pathogenic
microbes’ genome and environmental metagenome, which will definitely facilitate the
revelation of pathogenic microbes’ genome evolution and its relation with infectivity
and pathogenicity and greatly enhance the surveillance, diagnosis and therapy of
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related infectious diseases. There is no doubt that such DNA sequence information can
also be used for the modification of antigenicity, infectivity, toxicity and drug
resistance of traditional pathogens, even for the artificial design and synthesis of totally
new pathogens, which will lead to the failure of traditional prevention and treatment of
infectious diseases and make efficient prevention and control more difficult.

Computing technologies

12.  The increasingly robust multithread supercomputers have been assembled
worldwide. Some have been specially assembled for data-intensive computing in
biology, such as molecule dynamic simulating to study folding and interactions of
proteins and nucleic acids, the interactions of drugs and receptors. Another means to
obtain supercomputing capacity is the distributed computing system which
incorporates hundreds of thousands of internet-connected PCs throughout the world to
achieve the comparative capacity of supercomputers. One successful example is
folding@Home project which combines more than five million CPUs since October 1,
2000 to obtain the capacity of the most powerful supercomputers.



