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Abstract [Objectives] RNAIi has been widely used in functional genomic studies of Locusta migratoria. The antennae of
locusts have a large number of the odor binding proteins, transporter proteins and odor degradation enzymes, which play
important roles in olfactory signal transduction. The optimal dsRNA delivery methods for the corresponding genes have not,
however, been well established. We compared the effectiveness of different dsRNA delivery methods using RT-qPCR to
measure the gene expression levels obtained by each method. The results provide a theoretical basis for the future functional
study of antenna-rich genes in locusts and a foundation for developing a new method for controlling locust plagues based on
the molecular targets in the olfactory mechanism. [Methods] LmCYP3117CI was chosen as the target gene. mRNA
expression of this gene was measured in six tissues; antennae, maxillary palp, wing, tarsus, midgut, and Malpighian tubule,
dissected from the fifth-instar L. migratoria. Double-stranded LmCYP3117C1 RNA was dissolved in different solvents (DEPC
water, acetone and DEPC water (1 : 1) mixed solvent, 0.1% Triton X-100). Three methods; injection (antennal socket and
abdominal injection), soaking, and brushing, were tested and the expression levels of the LmCYP3117CI gene measured with
RT-qPCR after each method. [Results] The LmCYP3117CI gene was expressed in all six tissues. Expression was highest in
the antennae, which was 3.78, 2.10, 10.84, 363.48, and 365.16-fold that in the maxillary palps, wings, tarsi, midgut, and
Malpighian tubules, respectively. Expression levels of LmCYP3117C1 were significantly reduced 24 h after injecting
dsCYP3117C1 into both antennal sockets. This technique reduced target gene expression in female and male nymphs by
76.84% and 87.51%, respectively, whereas expression in other tissues (maxillary palp, wing, tarsus, and other parts of the
whole body) did not change significantly. Injecting dsCYP31/7C]! into the abdomen of females and males reduced expression
of the target gene by 68.60% and 61.10%, respectively. In addition, this technique significantly reduced expression of the
target gene in the tarsi, whereas that in the maxillary palps, wings and other parts of the whole body did not obviously change
in females. LmCYP3117C1 gene expression levels decreased in the maxillary palps and other parts of whole body, and did not
undergo obvious change in the wings and tarsi of males. In addition, gene expression was not significantly different in males
and females 24 h after soaking antennae in dsCYP3/17C/ dissolved in different solvents (DEPC water, acetone and DEPC
water (1 : 1) mixed solvent, 0.1% Triton X-100) for 1, 3, 5 min, respectively. Gene expression levels did not significantly
changes in male and female antennae 24 h after brushing them with dsCYP31/7CI dissolved in DEPC water and 0.1% Triton
X-100, respectively. [Conclusion] Injection of dsRNA into the antennal socket significantly reduced LmCYP3117CI gene
expression but soaking and brushing antennae with dsRNA did not.

Key words antennae, RNAI technology, injection method, soaking method, brushing method

Fire
1998 Caenorhabditis
elegans dsRNA
mRNA
RNA RNA interference RNAI

Locusta migratoria Meyen

Li et al. 2014
Terenius et al. 2011
RNA



- 782 - Chinese Journal of Applied Entomology 54
2015 dsOfSP-C
Ostrinia furnacalis
dsOfSP-N  dsOfSP-M
RNAi dsRNA
RNA
Terenius et al. 2011 Scottetal. 2013 RNAI Ren 2014
dsRNA dsRNA
RNAI P450
dsRNA dsRNA
Acyrthosiphon pisum
Christiaens et al. 2014 RNA dsRNA
Prentice et al. 2016 Zophobas atratus LmCYP3117C1
Wang et al. 2016 Periplaneta GenBank KY009922
americana  Wang et al. 2016 Wang
etal. 2016 dsRNA )
RNA LmCYP3117CI
RNAi RNAi PCR
Whangbo et al. 2008 S2
cyce  Ago March and Bentley 2007 5
Schistosoma japonicum 2015 LmCYP3117C1
Fire et al. 1998 RNA
dsRNA RNAi RNAi
Christiaens et al. 2014 Timmons et al. RNA
2001 Prentice et al. 2016
Helicoverpa armigera Mao et al.
2007 Zhang 2010 dsRNA
dsAgCHSI ~ dsAgCHS?2 1 #MRIERAZE
40%~60% Baum 2007 11 #RRR
2015 10
dsRNA
dsRNA 30+2 ) 40£5 %
H'-ATPase dsRNA =14 110
Diabrotica virgifera
virgifera 2012 Zhang 4



5 : RNAi - 783 -

5 TaKaRa Solarbio
5 5 Applied Biosystems 7300 Real-time
N5D5 PCR System Applied Biosystems 3K15
12 TERHESE Sigma  GenePro
NanoDrop 2000 spectrophotometer
LmCYP3117CI Thermo Bio-Rad
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Gel ExtractionKit Omega T7 dsRNA 1 Primer5.0
RiboMAXTM Express RNAi System 1
Promega Sigma

% 1 LmCYP3117C1dsRNA &R K& RT-qPCR £ #fi 514
Tablel Primersof LmCYP3117C1 for dsRNA synthesis and RT-gPCR analysis

Application of primers Gene Primer sequence (5'-3") Length of product (bp)
dsRNA LmCYP3117C1  F:taatacgactcactatagggAGACATCGGAAAACTCACCG 506

R:taatacgactcactatagggGGACTGTTCTTTCCGAGCAC
dsGFP F:taatacgactcactatagggGTGGAGAGGGTGAAGG 571
R:taatacgactcactatagggeGGGCAGATTGTGTGGAC
RT-qPCR LmCYP3117C1  F: CTGCCAAAAGCTGAGTTTAACA 122
R:AACGACTAGAAGAGCGCAAGGG
EFla F:AGCCCAGGAGATGGGTAAAG 155
R:CTCTGTGGCCTGGAGCATC

14 k8 LmCYP3117C1 RREBLTAIAIFRIE PCR
¥k 20 uL : 4 pL 20 cDNA
5 3-4d 10 pL SYBR® Green Real-time PCR Master
6 Mix 0.8 puL 10 pmol-L' 4.4 pL
6 5 ddH,0 94 15s 94
15s 60 31s 40
. 6 ABI
TaKaRa Trizol Plus reagent
Prism 7300 SDS 1.1 EFla
RNA Thermo {
NanoDrop 2000 spectrophotometer RNA
20, 15 dsRNA HI& B
RNA M-MLV
Reverse Transcriptase Promega USA cDNA dsRNA RNAi PCR DNA
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Fig. 2 The mRNA expression levels of LmCYP3117C1 4 dsCYP3117CI
genein different tissues of the fifth-instar LmCYP3117C1 4
Locusta migratoria dsCYP3117C1 24 h
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Results are mean and standard errors (SE) of six
biological replications (n=6). The mRNA level in
each tissue is normalized by EF]a as reference genes. LmCYP3117C1
Histograms with different letters indicate
significant difference among the tissues (P<<0.05).
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Fig. 3 The effects of injecting dsCYP3117C1 in both antennal sockets on the expression
levels of LmCYP3117C1 genein Locusta migratoria

AN Antenna MP Maxillary palp WI Wing TA Tarsus WH-OT
Other parts of the whole body 3 2 EFla *
P<0.05  ** P<0.01 NS

Results are mean and standard errors (SE) of the three biological replications (n=3), each with two technical replications.

The mRNA level in each tissue is normalized by EF/a as reference genes. * indicates significant difference between the

treatments and the control (P< 0.05). **indicates extremely significant difference between the treatments and the control
(P<0.01). NS indicates no significant difference between the treatments and the control. The same below.
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Fig. 4 The effects of injecting dsCYP3117C1 in abdomen on the expression
levels of LmCYP3117C1 genein Locusta migratoria
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Fig.5 The effects of snaking antennae into dsCYP3117C1 dissolved in DEPC water on the
expression levels of LmCYP3117C1 gene in Locusta migratoria
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Fig. 6 The effects of soaking antennae into dsCYP3117C1 dissolved in DEPC water and acetone
(1 1) on the expression levels of LmMCYP3117C1 gene in Locusta migratoria
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Fig. 7 The effects of soaking antennae into dsCYP3117C1 dissolved in DEPC water including 0.1%
Triton X-100 on the expression levels of LmCYP3117C1 genein Locusta migratoria
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Fig. 8 The effects of brushing dsCYP3117C1 dissolved in DEPC water on antennae on the
expression levels of LmCYP3117C1 gene in Locusta migratoria
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Fig. 9 The effects of brushing dsCYP3117C1 dissolved in DEPC water including 0.1% Triton X-100
on antennae on the expression levels of LmCYP3117C1 gene in Locusta migratoria
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