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Host selection in aphids such as Myzus persicae is an intriguing research pathway which
investigates aphid population interactions within ecological systems. Induced plant
resistance activates an effective signalling pathway, the jasmonic acid pathway, and in turn
affects the performance of aphids. In this study, we look to study the short-term host
selection and preference of M. persicae between wounded and healthy wild-type
Arabidopsis plants. We conducted a microcosm experiment wherein aphid movement
between neighbouring plants was observed over a 12-day period. Each microcosm
contained one of four possible combinations of damaged and undamaged host plants, and
three M. persicae. Host-plant preference was measured using the percentage of M.
persicae that moved to or from damaged plants and analyzed using pairwise t-tests
between treatments. M. persicae showed a preference for undamaged hosts over

damaged hosts.
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INTRODUCTION

Host selection in aphids such as Myzus persicae is
an intriguing research pathway that investigates
aphid population interactions within ecological
systems.  Understanding  the  underlying
mechanism of aphid metapopulation dynamics
and how that is affected by the type and condition
of the plant is crucial for predicting their
movements between local crops or plants in

general.

Measuring aphid population movement is crucial
for assessing the impact of generalist species like
M. persicae on a species of plant, especially when
introduced into a new environment. Seasonal
migration is understood in the context of gene-
environment interactions, in particular, how

annual climatic change and day length influences

genotype frequencies in different parts of the
world. A study by Blackman in 1974, for example,
reported significant differences in the sexual
reproduction and emigration of M. persicae
populations that correlated directly to temporal
and climatic changes. This research, however, does
not consider the immediate “decision-making” of
M. persicae. Past research has investigated how the
species of a host plant can affect host selection, as
well as the factors that influence relocating to a
new host plant between healthy plants (Sutherland
and Mittler, 1971; Renzo, 2005) However, it is
unknown whether mechanical damage to the plant
plays a role in host selection.

Previous research has attempted to identify factors
affecting aphid host preference. In an isolated



system, we expect “plant crowding” to be the
primary regulating factor and main reason for
aphid migration between plants. Plant crowding
occurs when multiple individuals in a population
begin to compete for resources on the same plant
(Sutherland and Mittler, 1971). However, other
factors are known to affect the suitability of a host.
All aphids exhibit some kind of leaf-probing
behaviour before selecting a host plant (Goggin,
2007). When an aphid probes a plant, it searches
for cues such as pH, protein content, and sugar
content to inform it if the chosen feeding spot is
viable (Elzinga, et al., 2013). In addition to
phloem sampling cues, present volatiles may also
affect host preference (Renzo, et al., 2005).
Depending on food source quality and plant
defences, an aphid may migrate to a neighbouring
plant and restart the probing process.

The jasmonic acid (JA) plant defence pathway,
which is induced by outer cell tissue damage of a
plant, can be harmful to aphids (Jaouannet, et al.,
2014). Lipoxygenase, or LOX, is one of the first
enzymes involved in the biosynthesis of JA
(Moran, 2001). Leaf wounding as well as aphid
feeding have been found to induce the expression
of LOX genes, suggesting that plant sensitivity to
phloem feeding can involve JA synthesis (Hyun et
al., 2008), and the build-up of JA and methyl
jasmonate, a methyl ester of JA (He, et al., 2002).
The formation and accumulation of JA stimulate
the induction of genes for proteinase inhibitors,
which have been found to deter insect feeding by
inhibiting major insect digestive enzymes
(Rockwood, 2015), delaying larval development,
and negatively affecting adult insect herbivores.
This is supported by a study by Thaler, et al.
(2001), which found that the presence of JA
increased the activity of proteinase inhibitors and
polyphenol oxidase, thus causing a consequent

decrease in herbivory.

Given the negative effect of the JA defence
pathway on aphid populations, it is hypothesized
that aphids are less inclined towards mechanically
damaged host plants due to the presence of
metabolites from the induced JA pathway. In this
experimental study, our goal was to understand
whether M. persicae has a preference between

mechanically damaged and undamaged host plants
by analyzing the short-term migratory behaviour
of M. persicae as a result of A. thaliand’s induced
plant defence response.  Specifically, our
experiment attempted to determine if the induced
JA pathway via mechanical wounding in
Arabidopsis thaliana causes aphid relocation to an
undamaged host plant.

In order to answer these questions, a controlled
microcosm experiment using the interacting
species M. persicae and A. thaliana was conducted
wherein different combinations of damaged and
undamaged plants were used to observe aphid host
selection behaviour in each microcosm. This
experimental design was used to answer the
question: how does the JA pathway induced by
mechanical wounding influence the short-range
host selection of M. persicae using A. thaliana as a
model host plant?

RESULTS

Since  aphid  populations varied among
microcosms, the primary measure used to
determine aphid host preference was the mean
percentage of the total aphid population that
migrated to Plant 2 in each microcosm — Plant 2
being the plant adjacent to Plant 1 where the
aphids were originally placed. Only data from day
12, the final day, were used because analysis of the
proportions over time would not provide
additional useful information about the research
question, and sufficient time was to be provided
for M. persicae to move to the adjacent plant. Since
the damaged-undamaged (Plant 1 was cut, Plant 2
was not cut) and undamaged-damaged (Plant 1
was not cut, Plant 2 was cut) systems are the
relative extremes of the treatment environments,
they are best suited to test the host preference. The
means of these two treatment environments were
therefore analyzed using a two-sample t-test (R, v.
3.2.2, 2015), and a significant difference between
these means would signify a host preference.

To assess overall health of the systems, differences
in mean gross microcosm population were
analyzed using a one-way ANOVA based on
treatment, and a two-way ANOVA based on
treatment and block.



M. persicae showed a preference for undamaged
hosts over damaged hosts. There was a significant
difference (ts9 = 3.04, p = 0.03; Figure 1) between
the  undamaged-damaged and  damaged-
undamaged systems in the distribution of M.
persicae between the starting and adjacent plants.
In both cases, the undamaged plant hosted a
higher percentage of the gross microcosm
population on day 12.

Undamaged 51% Control: Both undamaged  (a)
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moved towards the healthy plants and away from
mechanically wounded plants. This demonstrates
a correlation between the presence of JA and the
relocation of M. persicae population, potentially as
a result of environmentally regulated stressors.
According to past research, the development of
alates is an indication of a stressful host-plant
environment (Sutherland and Mittler, 1971). The
presence of alates
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There was no significant effect (t115= 0.40, p =
0.70) due to spatial block (Figure 2). There was
also no significant relationship found in the
ANOVA  between the gross microcosm
populations and the treatment (Fs 11 = 0.6, p =
0.60) gross microcosm populations and block (ti0.1
= 1.28, p = 0.23); and the gross microcosm
population and the interaction of treatment and

block (Fi,11 = 0.07, p = 0.80).

We noted that there were winged (alate) M.
persicae found at multiple instances throughout
the 12 day period, the first of which was found on
day 4. The highest

occurrences of alates
A7%

Block A (a) 53%

by pair-wise two-sample t-tests and are
indicated by different lowercase letters
above bars for each system

E

in our experiment therefore implies that the
treatments triggered stress in the populations.
However, since our experiment was contained
within two large containers each containing several
plant microcosms, it is impossible to determine
where an alate may have migrated to upon flight.
Therefore, we cannot make any additional
conclusions about our experiment based on the
number of alates observed in each microcosm.

The two-plant model represents a closed small-
scale ecosystem with a small number of variable
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Based on the obtained data, we determined that
the M. persicae populations had a preference for
healthy plants, the general trend showing that they

interactions. However, it is important to realize
that host selection in aphids is a vastly complex
group behaviour influenced by a variety of factors,
such as aphid predation, which were not
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considered in this particular study. Thus, while we
identified an isolated factor for host preference, it
does not demonstrate the importance of this factor
relative to other factors that affect host preference,
or whether this preference can be practically
manifested in the realized niche of M. persicae.

It was important that our results also showed that
the gross populations were not significantly
affected by the present factors, which would imply
that the observed differences in plant populations
were more heavily due to selection instead of host
viability. Another important consideration must
be made in relation to plant communication.
Mechanical wounding triggers the release of
volatiles, and one could argue that the volatile
release caused by the JA pathway induced a plant
defence response in neighbouring undamaged
plants. However, it was shown by Thaler, et al. in
2001 that the magnitude of the plant defence
response (i.e. activity of proteinase inhibitors and
polyphenol oxidase) varies with the dose of JA, and
so it can be reasonably assumed that the magnitude
of the defence response of directly damaged plants
was much higher than the indirectly volatile-
induced response.

Biocontrol over crops is a potential application of
crop pest research involving M. persicae.
Mechanical damage to crop plants is not a practical
solution to preventing herbivory; however,
research suggests that when JA is added to A.
thaliana plants it increases trichome density, just
as it would if the plant tissue was actually damaged
(Traw and Bergelson, 2003). Thus, if the JA
pathway is induced, aphid populations will try to
relocate to another host due to increased defences.
In an agricultural setting, JA could be applied in
order to reduce aphid herbivory in crop fields, and
divert their efforts towards alternate host plants
surrounding the food crop. Though a large
inventory of insecticides already exists, many have
been shown to be problematic regarding
environmental safety. JA could be less damaging to
the surrounding environment, while facilitating
the same defence against herbivory. Relevant

research includes a study which compared JA as a
deterrent spray, and conventional insecticide in
relation to chilli plant growth (Awang, et al,
2015). The results showed significant evidence
that JA lowers the severity and frequency of plant
diseases, and improves the growth and yield of the
chilli in most circumstances. Based on our results,
it is probable that this effect is at least in part due
to the mitigation of aphid feeding, since AM.
persicae is known to damage the chilli crop through
phloem sucking and the transferral of viruses
(Chakravarthy, 2015). It is important, however, to
consider the variability of plant growth across
plant biodiversity. Although JA was an effective
alternative insect deterrent for chilli, it may not be
a perfect fit for other crops. Future research efforts
should explore the advantages and disadvantages
of using JA as an insect deterrent on other species

of food crops.

The difference in adaptations to the JA pathway
and the salicylic acid (SA) pathway in M. persicae
provides interesting insight into the cost-benefit of
adaptations, and strategies taken to mitigate plant
defence. The phloem-sucking behaviour of M.
persicae is known to trigger the SA defence
pathway; thus, for all of the plants in our
experiment, this pathway would have been
induced. Since the aphids showed a preference for
undamaged plants, this indicates that they have
adapted to tolerate the SA pathway, but not the JA
pathway. Highly co-evolved tolerance mechanisms
include the production of detoxification enzymes
to combat allelopathic chemicals of the SA
pathway (Francis, et al., 2006). However, since
aphids have not adapted to tolerate the JA
pathway, the concentration of JA becomes a
population-regulating factor that must be taken
into account when selecting a host. From a cost-
benefit perspective, it is much more beneficial for
M. persicae to produce enzymes in response to the
SA pathway, as it is always induced during feeding.
In contrast, it is not as beneficial for M. persicae to
produce defences against the JA pathway since it is
only induced by external factors that may not
always be present, and aphids have the option of
relocating to a plant with a lower concentration of
JA. Future research should consider this cost-



benefit analysis when incorporating defence
pathways into different experimental models.
Based on the large uncertainty in our experiment,
this research should also use large sample sizes to
avoid population bias and collect more
representative data.

CONCLUSION

In this study, we present evidence that the host
selection and local spatial distribution of M.
persicae is influenced by the mechanically damaged
state of A. thaliana, showing a preference for
undamaged host plants. This behaviour is likely an
adaptation to the significant increase in plant
defences from the induced JA pathway. The
magnitude of this preference relative to other
factors affecting host preference is not yet known,
and the interaction of factors affecting host
preference continues to be an area of interest.

MATERIALS AND METHODS

The host plant we selected for this study was wild-
type A. thaliana (accession line: Col). Although
not an economically relevant plant, this
herbaceous member of the Brassicacea family is
often used as a model organism in scientific
studies. As such, much is known about A.
thaliana's fast life cycle, easily manipulated
genome, and herbivore defence pathways (Mewis,
et al., 2000). Its short generation time, small size,
and inclusion in the M. persicae host range make it
an ideal host plant for this study.

TREATMENTS

In order to determine the effects of host-plant
health and condition on aphid host selection, we
performed a microcosm experiment using potted
wild-type A. thaliana and Arabidopsis-reared M.
persicae from a laboratory colony. There were four
treatments of microcosms, each consisting of a pair
of A. thaliana plants connected by two “bridges”
made from thin string and wooden dowels (Figure
3). Each microcosm consisted of three adult or late

STUDY SYSTEM

The mobile organism

4

Figure 3: The setup of a two-
plant microcosm studied in this
experiment. Each microcosm
consisted of two adjacent A.
thaliana plants varying in state
of mechanical damage, and
three M. persicae were
inoculated on one of the plants.
String bridges were erected
with wooden dowels to
facilitate aphid movement.

we selected for this
experiment was the
Arabidopsis-reared

green peach aphid,
M. persicae. Although
thought to originate
from Asia, M. persicae
currently has

populations
widespread across the globe. M. persicae is
considered an economically important crop pest
and an important distributor of various plant
viruses (Bass, et al., 2014; Li, et al., 2015). It has a
wide host range, including important crops such as
potato and members of the Brassicacea family,
totalling over 400 specific plant species from
approximately 50 families (Bass, et al., 2014; Louis
and Shah, 2013; Li, et al., 2015). M. persicae has a
short development period and a relatively short
lifespan, lasting approximately 50 days from the
early instar phase to death (Musa, et al., 2004). For
these reasons, studies regarding aphid host
selection and aphid population control are of high
practical relevance.

instar M. persicae inoculated near the bottom of
the central stem on Plant 1 in each system. Each
treatment had four replicates for a total of 16
microcosms used in the experiment. The
microcosms were stored on large plastic trays
which were covered with clear plastic domes with
mesh tops for ventilation. Each tray held two
replicates of each treatment. The treatments were
arranged randomly on the trays.

The four treatments, which will be described as
starting plant-adjacent plant, included: (1) an
undamaged-undamaged system, which acted as
the control, (2) an undamaged-damaged system;
(3) a damaged-undamaged system; and (4) a
damaged-damaged system, which acted as the
negative control. For each respective plant that was
damaged, 30% of the leaves were cut to ensure
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plant survival. Three cuts were made to each cut
leaf using scissors: one parallel to the main vein of
the leaf at the leaf tip, and two perpendicular to
the main vein with one on either side of the leaf.
No cuts were made to remove sections of the leaf.
We cut the leaves such that approximately an equal
number of leaves were damaged in each quadrant
of the plant.

The experiment lasted 12 days. We recorded aphid
count on each plant in each microcosm on 9 of the
12 days the experiment was run (days 1, 4-8, 11,
12). All microcosms were watered once on day 7.
In order to remove bias from the experiment, all
microcosms were exposed to the same duration of
sunlight and  darkness, and the same
environmental conditions.
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