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Editorial on the Research Topics

Improving Bacillus thuringiensis Toxins for Better Pest Control

Although Cry toxins, produced by the bacterium Bacillus thuringiensis (Bt), have been used for
years and advances in genetic engineering have been very well-explored, recent years have witnessed
an increase in the evolution of insect resistance. In the last few years, research on resistance
in insects and the interaction with other bioinsecticidal proteins has become more and more
prominent within the field of Cry protein usage, since both processes contribute to increasing their
activity and efficacy to control agricultural pests.

This Research Topic aims to bring new insights into the latest progress in our understanding of
the mechanism of action of Cry proteins, and we focus our attention on the different new aspects of
Cry protein detection and application, and at the same time, the resistance mechanisms that insects
have developed to combat their action. Five original research articles and two reviews are included
in this issue showing important aspects for unraveling the continuing battle between Cry toxins
and insects.

A description of a profile using hidden Markov models (HMMs) turned out to be a tool
to detect pesticide sequences and compare their genetic context. These procedures have been
included as a promising implementation to improve Bt resources in the paper of Díaz-Valerio
et al. They report this unique combination for identifying toxin genes to gain new insights into
the use of biopesticides. Concerning biopesticides, Li et al. studied how plant polysaccharides
modulate biofilm formation and insecticidal activities of Bt strains, thus building the basis for
the construction of biofilm-active Bt biopesticides, with improved long-term field duration, which
should be seen as an advantage.

The importance of Bt proteins for research on Helicoverpa armigera is discussed in three
research articles. The article by Qi et al. focuses on resistance to Bt proteins in the cotton bollworm,
H. armigera. These authors reported that Cry2Ab and Vip3Aa proteins are probably the most
durable alternative for implantation in Bt cotton crops to control populations of H. armigera that
show some resistance to Cry1Ac. They observed that significant positive cross-resistance to Cry1Fa
occurred in three of the four strains tested, but not to Cry2Ab or Vip3Aa produced by whichever
strain. Thus, Cry2Ab and Vip3Aa are likely to be of value in increasing both the efficacy and
durability of Bt cotton against populations of H. armigera that have some resistance to Cry1Ac.

A second study was reported by Wei et al. which evidenced that suppression of calcineurin
enhances the toxicity of Cry1Ac to H. armigera. The authors reported that a diphosphatase
(an enzyme with phosphatase activity), namely, Helicoverpa armigera calcineurin (HaCAN) was
involved in the insecticidal activity of Cry1Ac against the cotton worm, by regulating immune gene
expression through the diphosphatase activity, but not by acting as a receptor, and these results
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provided a likely indication that HaCAN is an important
candidate gene for use in the pyramid strategy by the
simultaneous expression of RNAi (targeting CAN) and Cry1Ac
in crops to control cotton bollworm.

The biotech exploration of insecticidal crystal proteins to
manage insects as devastating as the cotton bollworm has been
carried out extensively in recent years, and it was broadened
in the study by Karthik et al. The major focus of the authors
was toward the identification of promising transgenic cotton
events which showed evidence of Bt toxin gene stable integration,
inheritance, and superiority in their efficacy against H. armigera.
These authors demonstrated that the use of the simultaneous
expression of two Bt insecticidal crystal proteins (ICPs): Cry1AcF,
a hybrid toxin produced by domain swapping, and Cry2Aa
(produced by codon modification) for the management of H.
armigera in transgenic cotton is an efficient form to overcome
the issue of insect resistance. Therefore, this study was another
way to confirm and determine that the amalgamation of several
tools and strategies is necessary for the effective control of H.
armigera. In previous reports from this group of researchers,
∼2% of promising cotton transformants could be identified using
the methodology. The improved performance of the general
population of T2 and T3 generation plants to resist H. armigera
supported the rigorous molecular and bio-efficacy explored in
the paper published on this topic. In the future, the set of
promising events identified in the study should be used in cotton
improvement programs for the management of wild insects.

Based on the reports about the evolution of resistance, Liu
et al. reviewed the latest work on the insecticidal mechanisms
of Bacillus thuringiensis Cry toxins and the mechanisms of
insect resistance against Bt entomopathogenic proteins. In
addition to Cry proteins, many researchers have already
demonstrated that Bt strains secrete Vip proteins (vegetative
insecticidal protein) during their vegetative growth phase,
and these proteins do not share any structural and sequence
homology with Cry proteins. Thereby, they are considered a
remarkable complement or supplement source of toxins to
Cry proteins in crop resistance management and protection.
Currently, several commercial Bt crops combine Vip3 and
Cry proteins.

The topic is completed considering the review by Gupta et al.
on recent advances in research on Vip proteins, to improve the Bt
application as a general biocontrol agent.

The papers published in the present Special Issue: Improving
Bacillus thuringiensis Toxins for Better Pest Control can be
considered a frontier contribution to improve the Bt application
to obtain better and lasting efficacy.
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