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Abstract: The potential of RNA interference (RNAi) technology to control the Asian Citrus psyllid
(ACP), vector of Huanglongbing (HLB), has been demonstrated in different publications. RNAi is a
natural biological process that specifically down regulates the expression of a specific gene, being
more environmentally friendly approach to control insects. We're interested to understand if the
treatment of a plant with dsRNA could induce an ACP response. To evaluate if ACP sense the pres-
ence of a dsSRNA (ACP-specific and non-specific) in plants, we set up free of choice experiments to
examined psyllid response to dsSRNA treated plants versus non-treated plants, to dsRNA-specific
versus dsRNA non-specific and plants treated with two dsRNA-specific. Four groups of 4 plant
flush each (2 of each treatment) were placed in each corner of a cage, and 50 ACP were release at
the center. They were observed for 15 d, and the number of ACP on each flush recorded daily. Each
experiment was repeated at least four times. No significant differences, using F-test analyses, was
observed in ACP feeding preferences regarding the presence of dsRNA (p <0,05). These prelimi-
nary results suggest that psyllids appear not to be sensitive to dsSRNA ingestion, as they may be for
traditional chemical insecticides, thus were not repelled.
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1. Introduction

Citriculture is one of the sectors of great importance for agriculture. In 2019, the
world production of orange reached values of approximately 74.7 million tons. Brazil
stands out among the main citrus producers, and in this same year, contributes with about
21.7% of global production [1,2]. Like other sectors, citrus production faces a series of
phytosanitary problems that limit its production. Due to the difficulties of control and
economic impact, the Huanglongbing (HLB) or citrus greening is considered the most
devastating disease in the citrus industry worldwide. [3,4].

HLB is caused by gram-negative bacteria belonging to the genus Candidatus Liberi-
bacter (Ca. L.), with three species reported: Candidatus Liberibacter asiaticus (CLas), Can-
didatus Liberibacter africanus (CLaf) e Candidatus Liberibacter americanus (CLam) [3-6].
In the field, transmission can be done by two species of psyllids; Trioza erytreae (Del Guer-
cio) (Hemiptera; Psyllidae), (Hemiptera; Psyllidae) and Diaphorina citri (Kuwayama) (He-
miptera; Psyllidae). [3,5,7]. D. citri, well known as Asian citrus psyllid (ACP), is consid-
ered the main vector of HLB due to its wide distribution in the main citrus production
centers in Asia and America [3,4,6].

Control of D. citri is based on the use of synthetic pesticides. Producers have a wide
variety of these chemicals available, whether they have a contact or systemic action. How-
ever, the intensive use of pesticides and the low selectivity of these agrochemicals favors
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the emergence of resistant populations and increased environmental impact [21-23].
Thus, there is a need to develop new control strategies that are efficient and environmen-
tally sustainable. Genetic strategies for crop protection have been studied over the past
few years and have shown to be highly promising. The RNA interference (RNAi), discov-
ered in the early 1990s, has shown great potential to be used as an efficient tool for pest
control.

RNAI is a natural mechanism that occurs in eukaryotic cells, and is involved in gene
regulation and antiviral defense. It is activated by double-stranded RNA molecule
(dsRNA) (the trigger molecule), which can be expressed or introduced into the cell [8].
The specificity of the dsRNA sequence allows for the possibility of silencing genes that
are essential to the survival of a specific specie. [9].

The use of RNAI technology for sucking insects, such as Hemipteras, requires that
dsRNA molecules must be present in the vascular system of plants, which represents one
of the main challenges for the efficient control of these insects [10]. Despite this apparent
difficulty, Andrade and Hunter [12] observed D. citri mortality rates of up to 56% when
insect fed on shoots treated with a dsRNA homologous to the Argenine kinase gene,
demonstrating the feasibility of use RNAIi to control sucking insects.

With the advance of the technology towards the development of RNAi-based prod-
ucts, some questions still need to me answered. One of these issues is related to the ability
of insects to sense the presence of dsRNA in a plant, and thus avoid feeding on it. To
address this question, the present work aims to evaluate whether the presence of dsRNA
can act as attractive or repellent, and change the host selection behavior of the psyllid.

2. Methods
2.1. Plant Material and Insect Colony

The citrus shoots were obtained from sweet orange seedlings (cv. Valencia) (Citrus
sinensis (L.)) kept in a greenhouse. The ACP colony was reared on Murraya paniculata, in
laboratory at 25 °C and photoperiod of 16h/8h (light/dark). Adult psyllids of ca. 5 days
post eclosion were used for the experiments

2.2. Bioassay

The shoots were collected and sanitized in a 5% sodium hypochlorite solution for 10
minutes, and then rinsed three times in distilled water. With a blade (scalpel), the excess
leaves were removed, leaving only the three youngest leaves. The base of the stem was
cut at an angle of 45 ¢ and the shoots were patterned to approximately 10 cm in length.
Then, the shoots were transferred to 1.5 mL microtubes containing 0.5 mL of the 1 ng/uL
dsRNA solution or water. The opening of the microtube was sealed with Parafilm ® “M”.
After absorbing 90-95% of the solution (dsRNA or water), the tube was filled with water,
and the shoots were transferred to racks, with four shoots being placed in each rack (2
shoots of each treatment). Four racks were arranged equidistantly inside a cage (Bug-
Dorm-2120 ®), and 50 adults of D. citri were released.

The cages were kept in a growth chamber, with a 12h/12h photoperiod, temperature
at 27 °C and 70% of average humidity. Three experiments were performed, one having
ACP-specific dsRNA versus water (dsRNA-AK x Water), one with two ACP-specific dsR-
NAs (dsRNA-AK x dsRNA-Trehal) and another with ACP non-specific dsSRNA versus
water (dsRNA-GFP x Water). Each experiment was repeated at least four times.

Daily for 10 days, the number of psyllids in each shoot and the total number of insects
in all shoots of each treatment were counted. At the end, the average number of insects
that fed in each treatment was calculated. Data were submitted to double factorial analysis
of variance (ANOVA) in a randomized block design (p > 0.05) using the R program.

3. Results

Free choice bioassays were established to assess whether the presence of dsSRNA mol-
ecules in shoots could interfere with the feeding behavior of D. citri. Furthermore, it was
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also evaluated whether different dsSRNA molecules present in the shoots can alter his feed-
ing behavior.

The data obtained in the bioassays showed that the presence of dsRNA molecules in
the shoots did not influence the feeding behavior of the psyllid. The average daily number
of insects observed in shoots treated with psyllid-specific dSRNA (dsRNA-AK) was simi-
lar to that observed in shoots treated only with water during the entire bioassay period.
(Figure 1A). A similar result was observed in bioassays that contained shoots treated with
a psyllid non-specific dsSRNA (dsRNA-GFP) (Figure 1B). The feeding behavior of the psyl-
lid was not altered when the shoots were treated with two psyllid-specific dsSRNA
(dsRNA-Ak and dsRNA-Trehal) (Figure 1C). These observations were confirmed by sta-
tistical analysis, which shown no difference in the number of insects that fed on the shoots
of both treatments in each bioassay (Table 1). These results demonstrate that the presence
of dsRNA molecules in the plant does not influence the insect's choice behavior.

3.1. Figures and Tables

Figure 1. Feeding behavior of Diaphorina citri in shoots treated with dsRNA or water. Average
daily number of insects per treatment over a ten-day period. (A) dsSRNA-AK x Water, (B) dsRNA-
AK x dsRNA-Trehal, and (C) dsRNA-GFP x Water.

Table 1. Results of analysis of variance (ANOVA) and comparison of means by the F test at 5%
probability.

Bioassay dsAk x Water  dsAk x dsTrehal dsGF x Water
Average number of ACP  20.86a 22.18a 15.75a 15.43a 17.80a 18.15a
PrsFe dsRNA 0.14615 0.74474 0.51931
Days*dsRNA 0.59309 0.10058 0.09771
Coeficient of variation 26.39% 28.5% 19.06%

Means followed by the same letter are not statistically different.

4. Discussion

Host selection by D. citri can directly influence HLB transmission processes. The
choice of a host derives from several factors and involves communication between the
insect and the target plant. This communication occurs through chemical, olfactory, gus-
tatory, visual signals, as well as the leaf tissue maturation stage. Patt et al. [20] showed in
their study that even small changes in some of these stimuli can influence the behavioral
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response of D. citri. In the present work, it was observed that the presence of dsRNA mol-
ecules in citrus shoots does not interfere in the psyllid’s host selection processes, indicat-
ing that these insects do not have the ability to perceive dsRNA in the shoots. It is im-
portant to point out that in the approach used in the free choice experiments, the dsRNA
is absorbed by the shoots and therefore is not present on the leaf surface. However, it is
likely that an RN Ai-based product for psyllid control should be developed to be applied
by foliar spray, and once on the leaf surface, the insect's response may be different, either
by perceiving the dsSRNA or some component of its formulation.

Another important observation is the insect mortality on bioassay between dsRNA-
AK and dsRNA-Trehal (data not shown). Insect mortality resulted in a constant decrease
in the number of insects on each treatment, as observed in figure 3C. Overall mortality
reached 56% after 10 days (data not shown). This is expected as either dsRNA-Ak as
dsRNA-Trehal has been shown to cause significant psyllid mortality [12].

5. Conclusions

The experiments performed in the present work demonstrated that the presence of
dsRNA molecules in citrus shoots, regardless of whether they are specific or not specific
to the psyllid, did not alter its host selection behavior. These data indicate that the insect
was not able to perceive the presence of the dsRNA in the shoots. In this sense, we can
infer that there is no evidence that indicates attraction or repellency of the plant to D. citri
due to the presence of dsRNA molecules.
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