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Application of artificial intelligence in synthetic biology from the
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Abstract: [Objective] To analyze the application trends and distribution of artificial intelligence in
synthetic biology from the patent perspective, providing practical insights and theoretical support
for technological innovation, research and development (R&D) direction, and industrial layout of
this field. [Methods] The paper presents a comprehensive overview of the research contents and
methodologies of synthetic biology, and delves into the evolving landscape of artificial intelligence
in synthetic biology by extensive patent network mining and literature analysis.[Results] Through
thorough examination of pertinent patent data, this study unveils the application patterns and
disclosure trends of artificial intelligence in synthetic biology alongside the major countries
involved and key applicants. Furthermore, it analyzes the advancements in biosynthetic gene
clusters, protein structure analysis, and transcription factor binding sites from the patent
perspective. Additionally, this paper expounds the challenges confronting the integration of
artificial intelligence into synthetic biology while offering recommendations to address them.
[Conclusion] The findings presented herein offer valuable insights into understanding the technical
developmental context surrounding artificial intelligence in synthetic biology while serving as a
reference for relevant enterprises and research institutions when making R&D decisions. Moreover,
this paper underscores the pivotal role played by artificial intelligence in advancing development of
synthetic biology while emphasizing its significance. Simultaneously, it provides suggestions to
further bolster research efforts on integrating artificial intelligence into synthetic biology with an
aim to generate innovative ideas and technical support for constructing national science and
technology information systems in global science and technology competition scenarios—
particularly concerning advances in synthetic biology.

Keywords: synthetic biology; artificial intelligence; patent analysis; technical situation; science
and technology information
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cell*" OR "rom cell*" OR "maximum cell*" OR
"electrochemical cell*" OR "solar cell*")) OR
(("synthetic cell") NOT ("cell* telephone" OR
"cell* phone" OR "cell* culture"” OR "logic cell*"
OR "fuel cell*" OR "battery cell*" OR "load-cell*"
OR "geo-synthetic cell*" OR "memory cell*" OR
"cellular network" OR "ram cell*" OR "rom cell*"
OR "maximum cell*" OR "electrochemical cell*"
OR ‘"solar cell* "OR '"photosynthe*")) OR
(("artificial nucleic acid*" OR "artificial nucleotide"))
OR (("bio brick" OR "biobrick" OR "bio-brick"))))
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OR "protein function prediction" OR "AlphaFold"
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"Complex microbial community Characterization"
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"computational model" OR "generative adversarial
network" OR "neural network" OR "convolutional
neural network" OR "ensemble learning" OR
"recurrent neural network"” OR "algorithmic
system" OR "Synthetic Biology Open Language"
OR "Large Language Model"OR"biosynthetic gene
cluster" OR "Directed evolution of biological
elements" OR "Ensemble Modeling For Robustness
OR

"Transformer" OR "Logistic regression model" OR

Analysis" OR "family-wide hallucination"
"decision tree model" OR "Bayesian probability
model" OR "support vector machine" OR "Hidden
Markov Model" OR "Fuzzy logic" OR "Logic
programming" OR "Description logics" OR
"Expert systems" OR "Logic programming" OR
"Machine learning" OR "Bio-inspired approaches"
OR "Classification regression trees" OR "Deep
Learning" OR "Instance-based learning" OR
"Latent representations” OR "Logical relational
learning” OR "Machine learning" OR "Multi-task
learning" OR "Neural networks" OR "Probabilistic

graphical models" OR "Reinforcement learning"” OR

250
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"Support vector machines" OR "Unsupervised
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®1 PEEFEERIBA

Table 1 Important applicant for Chinese patent
Applicant Number  Year of Application trend Last five Technical distribution
of patents application years
patents
Shanghai Jiao Tong 54 2003-2023 24 Biosynthetic gene cluster based on
University deep learning; Protein backbone
design and protein structure generation
method; RBP binding site prediction
method based on multi-task deep
learning
Shanghai Institute of 41 2005-2024 3 Intelligent prediction of microbial
Organic Chemistry, Chinese secondary metabolites; Synthetic
Academy of Sciences biological gene clusters and their
applications
South China Sea Institute of 39 2010-2024 10 Sequence synthesis and prediction of
Oceanology, Chinese specific gene clusters
Academy of Sciences
Shandong University 23 2017-2024 16 Amino acid sites and their mutants and
applications; Prediction of protein
polypeptide binding sites
Wuhan University 23 2013-2024 14 Transcription factor recognition
method based on Transformer-Encoder
and multi-scale convolutional neural
network
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x2 EEEFEZERIBA
Table 2 Important applicant for US patent

Applicant ~ Number  Year of Application trend Last five Technical distribution
of patents application years patents

DeepMind 11 2019-2024 11 Protein structure prediction and multi-sequence
comparison based on neural network

IBM 8 2015-2024 7 Protein structure prediction by machine learning;
Applying deep learning neural networks to predict
the probability distribution of biological
phenotypes

University 6 2010-2024 3 The product of the DNA synthesis gene cluster

of encoding methylmycin and picomycin

Minnesota

Harvard 5 2017-2024 4 Using neural networks to derive protein structures

University from amino acid sequences; Identification of
regulatory elements of presumed regulatory genes

Stanford 5 2017-2024 3 Systems and methods for identifying and

University expressing gene clusters

FHAT 10 B9 E ARG : CI2N (BUEYEk 16001 508
fif). C12P (A HIrfb &), COTK (FR15 KA 1400}
SN TARETTIR) . Gl6B (EWE Bov, el id ]
TS T A vh i 35 A% BOE H B SR s
AFR I AF R HIEEHAR) . C12R (W S UED
CI2C % C12Q /M), A6IK (= JH B il ).
GO6N (3 T AW AR BT LR S) . C12Q
(CTETREE W 2 T 3k Bl 2 7 3k v 9 45 1 s g 928

— I
[ N
(=] (=
(=) (=

T T

800

600 559

Number of patents (items)

400+ 343 39 5

| 215 214
). COTH (4 X0 THY DNA ok RNA H .
fSEA) . AGTP (F B2 M ) i 1 TS EFTFTELSS

J7 I ) AR ‘
s B AR R R T, S B4 FRINAGE
4 CI2N (@%@E%E&Eﬁ)\ C12P (ﬁﬁi H AR AL Figure 4 Patent application areas.
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Figure 9 Main applicants for patents related to protein structure analysis and function prediction.
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