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ABSTRACT

Pesticides benefit agriculture by increasing crop yield, quality, and security. However, pesticides may inadvertently harm bees, which are
valuable as pollinators. Thus, candidate pesticides in development pipelines must be assessed for toxicity to bees. Leveraging a dataset of
382 molecules with toxicity labels from honey bee exposure experiments, we train a support vector machine (SVM) to predict the toxicity of
pesticides to honey bees. We compare two representations of the pesticide molecules: (i) a randomwalk feature vector listing counts of length-
L walks on the molecular graph with each vertex- and edge-label sequence and (ii) the Molecular ACCess System (MACCS) structural key
fingerprint (FP), a bit vector indicating the presence/absence of a list of pre-defined subgraph patterns in the molecular graph. We explicitly
construct the MACCS FPs but rely on the fixed-length-L random walk graph kernel (RWGK) in place of the dot product for the random walk
representation. The L-RWGK-SVM achieves an accuracy, precision, recall, and F1 score (mean over 2000 runs) of 0.81, 0.68, 0.71, and 0.69,
respectively, on the test data set—with L = 4 being the mode optimal walk length. The MACCS-FP-SVM performs on par/marginally better
than the L-RWGK-SVM, lends more interpretability, but varies more in performance. We interpret the MACCS-FP-SVM by illuminating
which subgraph patterns in the molecules tend to strongly push them toward the toxic/non-toxic side of the separating hyperplane.
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I. INTRODUCTION

A. Pesticide toxicity to bees

Pesticides (including insecticides, fungicides, and herbicides)
are used in agriculture as an economical means to control weeds,
pests, and pathogens. Thereby, pesticides increase expected crop
yield and quality and contribute to food security.1–4 However,
widespread pesticide use has negative externalities on both aquatic
and terrestrial ecosystems and human health.5–9 For example, pes-
ticides can harm agriculturally beneficial species not deliberately
targeted, such as earthworms and bees.10,11

Although under debate, extensive pesticide use in agriculture
may play a role11–16 in the widespread decline17–20 of bee populations
(see Ref. 21 for a synopsis) via both lethal and sublethal toxicity.11,21

Harms to bee populations are especially concerning because bees
are valuable for agricultural production:22 (1; primary value) bees

serve as pollen vectors for many crops, including fruits, vegetables,
nuts, oilseed, spices, and coffee.23,24 Specifically, bees visit the flow-
ers of plants (angiosperms) to collect pollen or nectar as a food
source. In the process, bees (inadvertently) transfer pollen from
the anther of one flower to the stigma of another flower, a neces-
sary step in the production of seeds and fruits for many plants.25

(2; secondary value26) Honey bees produce honey and beeswax. In
addition, bees are ecologically valuable as pollen vectors for plants
in natural habitats.27

Because insect,28 weed,29 and fungi30 populations can develop
resistance to an insecticide, herbicide, and fungicide, respectively,
new pesticides must be continually discovered and deployed.1 New
pesticide development is also driven by the aim to reduce negative
environmental impacts of incumbent pesticides.31

Virtual screenings can accelerate the discovery of new pesti-
cides operating under a known mechanism. For example, suppose
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B. Two molecular vector spaces

We explore two feature maps ϕ : G→ R
F that map a molecu-

lar graph G ∈ G to a feature vector ϕ(G) ∈ RF , with R
F being the

molecular vector space in which the SVM operates: (1) the MACCS
structural key fingerprint and (2) the fixed-length random walk
feature vector.

1. MACCS structural key fingerprint

The Molecular ACCess System (MACCS) structural key fin-
gerprint (FP) of a molecular graph is a bit vector whose entries
indicate the presence (1) or absence (0) of a list of F = 166 pre-
defined subgraph patterns (molecular substructures/fragments).72,74

The number of “on” (1) bits in the MACCS FP is equal to the

FIG. 3. Illustrating the two molecular vector representations we employ for pesticides. (a) The MACCS fingerprint (FP) is a length-166 bit vector indicating the pres-
ence/absence of a predefined list of 166 subgraphs in a molecular graph. Shown here is the MACCS FP (“on” bits orange) of 2,6-dichlorobenzonitrile. Subgraphs of the
molecular graph that activate bits of the MACCS FP are highlighted orange. The pattern(s) each subgraph matches is/are indicated in the SMARTS language. (b) The fixed-
length random walk feature vector contains counts of label sequences encountered along all fixed-length walks on a molecular graph. The table lists all label sequences
encountered along length L = 2 walks on the molecular graph of 2,6-dichlorobenzonitrile. The numbers in the second column, giving the number of walks having each label
sequence, comprise the nonzero entries of the random walk feature vector of 2,6-dichlorobenzonitrile.
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