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Our research has made significant strides in understanding ?all—forming
insects and their interactions with host plants. We successfully obtained high-resolution genomes of
three gall-forming insects, providing a foundational resource for further genetic studies. A
comprehensive list of putative effector proteins has been compiled and is undergoing prioritization
for functional validation, aiming to elucidate the molecular mechanisms of gall induction.
Additionally, although initial tissue culture attempts with elm trees faced challenges, ongoing
modifications are improving medium conditions, with alternative plant systems being considered for
validation. These achievements not only enhance our scientific understanding of plant-insect
interactions but also hold potential agricultural and biotechnological applications.
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Plants display developmental plasticity to generate new organs or tissues to adapt to various
stimuli coming from abiotic or biotic agents through the reprogramming development
(Ichihayashi et al. 2020, Front. Plant Sci.). Many insects induce novel plant organs called galls
and the insect galls are dramatic examples of extended phenotypes of plants: although assembled
by host plant tissues, the development of galls is mainly controlled by insects and tend to be
species-specific particularly for the insects’ fitness (Stone & Schonrogge 2003, Trends Ecol.
Evol.; Tong & Akimoto 2019, Funct. Ecol.; Korgaonkar et al. 2021, Curr. Biol.). Insects inject
effector proteins, phytohormones, and other uncovered molecules into plants and these regulator
molecules function importantly in gall organogenesis which is composed of cell division,
differentiation and/or dedifferentiation (Takel et a. 2015, J. Insect Physiol.; Hirano et d. 2020,
Front. Plant Sci.; Korgaonkar et a. 2021, Curr. Biol.). The insect gall organogenesisis supposed
to share similar reprogramming processes with plant regeneration after wounding, the root nodule
organogenesis, and the haustoria formation by parasitic plantsin terms of cellular and molecular
aspects of development, though the molecular mechanisms especialy the gene regulatory
networks of insect gall organogenesis are largely uncovered. Two key questions are asked and
examined in this proposal: 1) what regulator molecul es (peptide/protein effectors and RNAS) are
utilized by insects to regulate gall organogenesis? 2) what are the functions of those insect
regulator molecules for reprogramming plant devel opment?

How insects make galls? To answer this question in molecular level, this proposal aims
to firgt clarify the partial gene regulatory networks of insect gall organogenesis using aphid-
galling-elm model. This funded project was initially to clarify the regulator molecules that can
promote gall organogenesis such as peptides, proteins, and RNASs originated from gall-forming
aphids on elm trees.

e Long-read genome sequencing: To obtain better resolution of insect genomes for
annotating putative peptides, the two Tetraneura aphids and one Eriosoma aphid
species galling on the same host plant, Japanese elm tree (UImus davidiana) were
sequenced by Pachio.

e Proteomic & Transcriptome analysis: The aphid generation initiating galls and non-
galling generation were collected and used to perform comparative analysis for
validating galling putative effectors.

e Tissue-culture trial: Theimmature embryonic tissues isolated from the origina host
plant were tested for tissue culture for later validation.



e Genomelnformation
High-resol ution genomes of three gall-forming insects have been successfully obtained.
e Ligt of Candidates of Putative Effectors
A list of putative effectors has been compiled and is currently undergoing further analysis to
prioritize candidates for functional validation.
e TissueCultureof Host Plant EIm Tree
Initial attempts at tissue culture of the host plant elm tree have been met with limited success.
The medium conditions are being modified for improvement. Additionally, validationin an
aternative plant system is being considered.
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