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1 INTRODUCTION

Pesticides are extremely important in global crop, food and
ecological safety. Use of pesticides can prevent around 20% to
30% of global crop loss every year. The continuous growth of
population and the limited acreage of agricultural land require
increasing crop yields to feed people. Pesticides are important
for protecting crops and preventing yield losses. With the
increasing concerns over environmental protection, eco-
friendly pesticides are needed to replace some higher risk ones.
It is slow and difficult to successfully discover new pesticides
with the standard random screening. New technologies and
methods, such as high-performance computation and artificial
intelligence (AI), can dramatically facilitate in the pesticide
discovery process.

In recent years, high-performance computation and Al
technologies have been rapidly developed for image
recognition, protein structure simulation, drug design, organic
synthesis, and other innovations. Although the investment in
new technologies for pesticides is behind that of medicine, with
the accumulation of data on biological targets, biological
activity, toxicity and metabolism of agricultural small
molecules, the research on pesticide discovery aided with high-
performance computation and Al technology has begun. This

briefly of high-

performance computation and Al in four areas along with our

article summarizes recent advances

perspectives on the topic.

2 DESIGN OF PESTICIDE CANDIDATES

Ligand-based and target-based virtual screening has become
common in molecular design of pesticide candidates. Yang’s
group has developed several online high-performance
computational platforms that can assist pesticide molecular
design, including the auto in silico ligand directing evolution
serverl'l, pesticide and drug fragments databasel’], the
pharmacophore-linked fragment virtual screening (PFVYS)
method, the auto core fragment in silico screening!’) and auto
in silico consensus inverse dockingl'l. Applications of PFVS
yielded the first picomolar-range Q(o) site inhibitors of the
cytochrome bc(1) complex!”l. The first selective herbicide,
quinotrione, has been developed and commercialized for the
weed control in sorghum crops!®). The novel succinate
inhibitors,

(flubeneteram) and 43, have excellent field efficacies against

ubiquinone oxidoreductase compounds 62

mulberry powdery mildew, rust, sheath blight and other
diseases. They are now in the registration and industrial
development stagel’].

3 MECHANISM OF ACTION AND
MECHANISM OF RESISTANCE

Specific interactions between the target and ligand define the
molecular recognition and potency of the ligand. Structure-
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based pesticide design seeks to identify and optimize such
interactions between ligands and their host target proteins!‘l.
The innovation of the pesticide lead candidates can be achieved
by the biorational design based on the known mechanism of
action between protein and ligand. The identification of the
mechanism of action is, therefore, particularly important.
Molecular dynamics simulations can help understanding
dynamic interactions between ligand and protein. The protein-
ligand interaction server (LARMD) can visually analyze the
molecular dynamics results and generate a variety of outputs,
including tables, heat maps, histograms, dynamic maps and 3D
structure images!’l. It is noteworthy that the target of pesticides
does not refer to the specific biological macromolecule of one
specie. Yang and Xi proposed a pesticide targetome approach
to design a potential pesticide, which considers all targets
including those in crops, target pests, and non-target
organisms to achieve the selectivity, efficacy and safety of
pesticides!' /], used
AlphaFold2 to predict the 3D structures of almost whole
human proteomel'']. AlphaFold DB showed the potential of Al

to accelerate scientific progress!''], which suggests possibilities

Recently, Tunyasuvunakool et al.

of pesticide design based on targetome. In addition, molecular
and quantum mechanics methods are used for theoretical
explanations of pesticide toxicity mechanisms. Rathnayake et
al. used a molecular-quantum mechanics method to study the
interactions between six organophosphorus insecticides and
acetylcholinesterase, which is helpful to understand the
mechanism of hydrolysis of these insecticides and toxicity
mechanisms between the insecticides and the enzyme active

sitel!?],

Pesticide resistance remains a huge challenge for pesticide
development, but it offers an opportunity for improvement.
The mechanisms of pesticide resistance are diverse. Target
mutation is a main mechanism of pesticide resistance, causing
pesticides to significantly lose efficacy or even become
completely ineffective. Therefore, resistance risk is considered
as an important criterion for the selection of pesticide
candidate in the lead compound discovery stage. Those with
low resistance risk should be selected for the next development
step. The selection can be aided with reliable resistance risk
prediction methods. Yang’s group has developed the
computational mutation scanning method to study the
resistance mechanisms and structure-resistance relationship of
the protoporphyrinogen oxidase inhibitors!'’l. A web server
(auto in silico macromolecular mutation scanning) suite
AIMMS was built

resistancel ],

to predict mutation-induced drug

4 TOXICITY PREDICTION

Toxicological properties are important information required in
pesticide registration and safety evaluation. Many pesticide
candidates cannot be registered because of their high toxicity to
mammals or non-target organisms. Therefore, it is extremely
important to evaluate the toxicological profiles in an early stage
of pesticide development. However, due to time and cost-
effectiveness and other reasons, toxicity evaluation tests still
cannot meet the needs of lead candidate discovery and
optimization. In silico prediction of toxicological profiles has
become a viable alternative.

Impacts of pesticides on bees have always been a focus of non-

target toxicities. Some studies have adopted k-nearest
neighbors (k-NN), random forest (RF), decision tree, support
vector machine (SVM), artificial neural networks (ANN) graph
attention convolutional neural networks (GACNN) and other
methods to develop models for predicting bee toxicity!' > 1,
Among them, Wang et al.l'"l used the GACNN method to
construct a bee toxicity classification model on a training set of
720 pesticides, having an accuracy of nearly 84%. The website
(http://beetox.cn) is public accessible for predicting bee

toxicity.

Aquatic toxicity is also an important part of environmental
assessment of pesticides. At present, SVM, ANN, RF and
partial least squares have been used to establish toxicity models
for rainbow trout!'’, Lepomis!'’), Raphidocelis subcapitatal'"],
1, fishl’), Pimephales promelasl'’] and
other aquatic organisms. The data set size of the training model
ranged from 46 to 1484. Among them, He et al.l'’l used the
SVM method and extended fingerprint to establish a ternary

Daphnia magnal

classification toxicity model containing 515 pesticides based on
the EC,, toxicity data of Daphnia magna, and the overall
accuracy (Q,,,,;) of the test set reached 0.848.

Mammalian toxicity is another focus in pesticide discovery.
The current Al and computational prediction mainly focus on
the acute oral toxicity of rats. According to the existing LDy
data, researchers have established a series of acute oral toxicity
=241, according to the methods such as RF,
k-NN, SVM, naive Bayesian, AdaBoosted decision trees,

hierarchical clustering and deep learning. The number of

models in rats!

compounds in the training set ranged from 44 to 8613,
including a regression model and a classification model. There
were also studies on organ toxicity (e.g., drug-induced liver
injuryl”], eye injury and eye corrosion [*°l) models and
toxicity  (e.g.,
carcinogenesisl’’]) models. Among them, Yang et all!l

genomic Ames mutagenesisl”’]  and
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“admetSAR”  for
properties  of

provided website

evaluating  the

a  public-accessible
ADMET
(http://lmmd.ecust.edu.cn/admetsar2), which can be used to

compounds

evaluate mammalian toxicity.

5 SYNTHETIC ROUTE DESIGN,
CRYSTAL PACKING PREDICTION AND
FORMULATION CHOICE

There have been many studies on Al in the design, crystal

packing prediction and formulation optimization of
pharmaceuticals. It can provide a reference to use Al
technology in pesticide discovery. Hasic and Ishidal**! used the
template-free  approach to  predict the single-step
retrosynthesis, which achieves over 47% top-1 accuracy for the

single-step retrosynthesis task on the US Patent Office data set.

AT also assists in formulation designl>*"'="* and crystal
packing prediction"']. Lin et al.l’] used machine learning
methods to build a solid dispersant physical stability prediction
model on a data set containing 646 solid dispersant stability
data points. The accuracy of the RF method reached nearly
83%. They also developed a new formulation prediction
platform of solid dispersion: PharmSDI*’l. This platform
provides efficient functionalities for the prediction of physical

stability, dissolution type and dissolution rate of solid

dispersion independently. Thirty-one crystal packings of
aminosalicylic acid were predicted through ab initio methods
by Meenashi et al."*l.

6 OUTLOOK

Large  pharmaceutical companies have  successfully
incorporated Al and high-performance computation into drug
discovery platforms. Artificial intelligence for drug research
and development has entered a period of rapid growth[*"]. The
integration of high-performance computing platforms and Al
technology is bound to become an indispensable means for the
discovery and development of eco-friendly pesticides during
the implementation of the Fourteenth Five-Year Plan in China.
We need to diversify pesticide development and discovery
strategies by (1) combining chemical biology technology with
Al to develop potential and important pesticide targets and
promote the discovery of eco-friendly pesticides;
(2) constructing molecules of different pesticides target
prediction network with deep learning, and designing multiple
targets pesticide to reduce the risk of pest resistance; and
(3) using Al to build a multilevel and multiscale prediction
network of pesticides and different biological targets.
Computation and AI are undoubtedly essential tools for
pesticide research and development, particularly in selectivity,

potency, pest control spectrum and environmental safety.
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