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Abstract:  Aphids are major agricultural pests that cause significant yield losses of crops each year. (E)-p-farnesene (EBF),
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to become agitated or disperse from their host plant. Furthermore, EBF can function as a kairomone in attracting aphid
predators. EBF synthase genes, which encode enzymes that convert farnesyl diphosphate (FPP) to the acyclic sesquiterpene
EPBF, have been isolated and characterized from peppermint (Mentha x piperita and Mentha asiatica), Yuzu (Citrus junos),
Douglas fir (Pseudotsuga menziesii), sweet wormwood (Artemisia annua) and chamomile (Matricaria recutita), respectively.
Transgenic plant overexpressing EBF synthase genes has been one of the most efficient strategies for aphid management. In
this review, the current statuses of transgenic plants engineered for aphid resistance were summarized. The plant-derived EBF
synthase genes with their potential roles in aphid management via genetic-modified (GM) approaches were reviewed. The
existing problem in GM plants with EBF synthase gene, such as low EBF emission was usually detected in the transgenic plant,

was discussed and the development direction in this area was proposed.

Keywords: aphid, aphid alarm pheromone, (E)-p-farnesene, EBF synthase gene, molecular plant breeding
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Fig. 1 Terpene biosynthesis pathway in plants. MVA: the mevalonate pathway; MEP: 2-C-methyl-D-erythritol
4-phosphate pathway; IPP: isopentenyl diphosphate; DMADP: dimethylallyl diphosphate; GPP: geranyl diphosphate;
FPP: farnesyl diphosphate; GGDP: geranyl geranyl diphosphate. Former researches overexpressed exogenous EBF
synthase gene in the cytosol of plants, but low EBF production was observed. One strategy indicated by the gray dotted
box is redirecting sesquiterpene biosynthetic pathway into plastids, that is, simultaneously overexpressing the
exogenous FPP synthase and EBF synthase in the plastid of plants.
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Fig. 2 Multiple sequence alignment of the isolated plant-derived EBF synthases. 1-5: EBF synthase from M. piperita,
A. annua, C. junos, M. recutita and P. menziesii, respectively; 6: 5-epi-aristolochene synthase from tobacco with known
crystal structure. Amino acids identical in all six proteins are marked in black. Amino acids identical in five proteins are
marked in gray. Terpene_synth domain is indicated by a dashed line and Terpene_synth_C is indicated by an open box.
The highly conserved DDxxD region is marked with a bar, solid circles indicate highly conserved His, triangles indicate
highly conserved Arg, and pentagrams indicate highly conserved amino acid residues in J-K loop.
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Table 1 The isolated EBF synthase genes and their application on molecular plant breeding

Gene name Plant species GenBank Accession No.  In vitro product purity (%) Transgenic plants
Black peppermint (621 Arabidopsis thalianal™,
MPpBFS M. piperita AF024615 % ricel’® and wheat!""!
Asian peppermint Tobacco®!, mustard!™
MapFsl M. asiatica HQ3378% and wheat!™
PMBFS Douglas fir AY906867 100184 Tobaccol™
P. menziesii
CjpFS Yu.zu AF374462 _[63] -
C. junos
AapFS iwsgal‘:‘;ormm(’d AY835398 1001°%! Tobaccols20]
MrBFS Chamonmile KM586847 1001%8! -
M. recutita
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