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Mating Disruption of Grapholita molestaby RNA Interference of a Fatty Acid

Desaturase Expressed in Adult Abdomen

Kyusoon Kim, Chung Ryul Jung', Chang Yeol Yang”, Gimyeon Kwon® and Yonggyun Kim*
Department of Plant Medicals, Andong National University, Andong 36729, Korea
"National Institute of Forest Science, Yeongju 36040, Korea
National Institute of Horticultural and Herbal Science, Rural Development Administration, Wanju 55365, Korea
*Bio Utilization Institute, Andong 36728, Korea

ABSTRACT: Two major sex pheromone components (Z-8-dodecenyl acetate and E-8-dodecenyl acetate) are known in the peach fruit
moth, Grapholita molesta. From a putative biosynthetic pathway of these sex pheromone components, delta 10 desaturase (A10 DES) has
been proposed to play a crucial role in synthesizing a species-specific stereoisomer of the double bond. However, its molecular identity
was not known. This study determined a putative desaturase (Gm-comp1575) as a A10 DES candidate from G. molesta transcriptome
constructed from the sex pheromone gland. Its open reading frame encodes 370 amino acid sequence with a predicted molecular weight
at43.2 kDa and isoelectric point at 8.77. It was predicted to have four transmembrane domains and six glycosylation sites at N-terminal
or cytosolic domains. A phylogenetic analysis with its predicted amino acid sequence indicated that Gm-comp1575 is closely related with
known A10 DES genes of other insects. Gm-comp1575 transcript was detected in female adults at sex pheromone gland and other
abdominal tissues. RNA interference of Gm-comp1575 significantly reduced attractiveness of virgin females in apple orchard compared
to control females. These results suggest that Gm-comp1575 is associated with sex pheromone biosynthesis of G. molesta.
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Gm-compl575= B0l A ALA|(GenBank accession
number: PRINA194591) & 2E] o7] A< Aot} &3] A
2 v}EHO 2 Lasergene (DNASTAR, Madison, WI, USA)<]
EditSeq Z 2 13- 0]-8-5}o open reading frame 2] ofu] = Ak
MBS A A E obn|ieAl A E-2 ExPASy (www.
expasy.org) 2] TR FA-G T2 TS o]-§-sto] AU}
FF S B N/O-glycosylation $1%]& g3}t
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RNA 7M32 0] 511413 RNA (dsRNA)E ©]-g315ick. G-
compl575 7470l o] 4| oz mejolu] 5 wte] T7 L&
HE AgE A%dste] A Z235E Zato]H(5'-TAATACGACTCA
CTATAGGGCAGCATTCTGCTTCGTGTTG-3', 5'-TAATAC
GACTCACTATAGGGGGGAATGTGTGGTGGTAGTT-3")
S o]-&3}o] 247 bp =719 PCR Ad=3 Aiek o|wf PCR
HRg-& Egoketd o3l cDNAE F3 22 94 C ol A 14871
WAz, 50C oA 1823} Zetolw] Atz 12|31 72C o
127 AR A% 202 353] whEsto] ook dojxl
PCR ZA7}E-2- 104} 3435} Megascript RNAi 7| E(Ambion,
Austin, TX, USA)E 0]-83}03 37°C o] 4] 347} HES-5}o] dsSRNA
£ Alxstoich 231 % DNASL T UAREY RNAS AlA
3}, £48F dsSRNAE GeneQuant 3353 #|(Amersham,
Science Park, Singapore)E ©]-835Fo] A3t} dsRNA
£ i 3ol F=Usk7] Aol 5 H7]9] Metafectene Pro
(Biontex, Plannegg, Germany)& &§}5}10] 2|22 JASH]
SFTt o] 213 1 uL (300 ng dsRNA)E Hsofetiy HH|
700l Z<Jetgick, 2 Wel7] 93 1A B AR
A g0 2 uhehE Wollo] mesal BAe) 7 )2 wivks)
Atk dsRNA 9] m|&F9]-8 w9 Ax](PV830 Pneumatic
Pico Pump, World Precision Instruments, Sarasota, FL, USA)
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Spobiihy W4A71E 723 248 DNAS o} §3)
o] Gm-compl575 FAAe] Eo]& zato]H(5'-CCGGTATT
GGTGTCATCGCTCCTA-3', 5-CGACAGACACGCCCCAG
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Realtime PCR master mixture (Toyobo, Osaka, Japan)E- W3-
gl o F 7500 real time PCR system (Applied Biosystems,
Foster City, CA, USA) 7]7]2 o]a}gich. vhg-80H(20 uL)
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7} u)g] A8 AHmyristic acid)2] 105 BkAo)| A BxSHE vh=
1= 10 DES2 5481911, 0|23 H-AT1gol A Bepolit
)RR 78 Gm-compl575 SR MAA 7} o] B8k
2 A} A o] QTkarL AJAISHRE: & Atell A= o] -4
Apo] opn|ieAl AES Bz 7o Sl Exstaasyt
EAAIE A B4 AAISHAtFig. 1). 2o s
w2 Aol Tofshs % B9t a 52 A9 DES,
A10 DES Z12]31 A11 DESE 22]3}¢ith. o] 7}-e-d] & 5o
A B = Gm-compl575+= 015 71A o) &34 S th=E o
= 29l B3] 44159l BbokiLby2o]) Gd-comp
3059} §HA| A= o] Ak o]+ Jung and Kim (2014)0] &
Ak BAAE4-0) 4 A10 DESS} g7 A 5he AA7k= #fo]
£ Ho|a gt} 18y Gm-compl575+= ©]& DES EX&9]
A4 A10 DES}F 7HAHA] $1AI8k= 212 21e 4= 18Ik

Gm-comp1575 9] A 25 FAsto] o] {AA7}7]E
of &%l Eaxsta s Tl AR FARE 75 oS 2 e

1 2] o] %

A= BA5FItHFig. 2). Gm-compl575 THaR

Fig. 1. A phylogenetic analysis of Gm-comp1575 along with
other known desaturase genes with their predicted amino acid
sequences. The tree was generated by the Neighbor-joining
method using the software package MEGAG6.0. Bootstrap values
(expressed as percentage of 1,500 replications) are shown next
to the branches. GenBank accession numbers followed each
species: Ctenopseustis obliquana (Co), Helicoverpa assulta (Ha),
Heliothis zea (Hz), Grapholita dimorpha (Gd), G. molesta (Gm),
Mamestra brassicae (Mb), Ostrinia furnacalis (Of), O. nubilalis
(On), O. scapulalis (Os), Planotortrix excessana (Pe), P. notophaea
(Pn), P. octo(Po), and Spodoptera littoralis(Sl).'Z' and ‘E’ represent
stereoisomers of cis and trans double bonds, respectively.
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Fig. 2. Domain structure of Gm-comp1575. Based on the predicted
amino acid sequence (370 residues), transmembrane domains
and glycosylation sites were predicted. Four transmembrane
domains are denoted in double layer of phospholipid. Triangles
and squares represent N-glycosylation and O-glycosylation sites,
respectively.

Kim, 2014) 37] 9] histidine 2£9

F7Feto] & 4719 wEY —% 7&55}3'1?—, o=
e C et 9= Al g S
t}. N-glycosylation2 37§ 7} 3% E] a1 o] 71| 27 = N-2
o A sHF 9101 AL, Y A] Shb= Al =] 2 o] %’4?2]5}
gt O-glycosylation™= 377} A =] 1AL GAFSHA 271=
se 9] 2] Lol R sk AlEY 42 nelo] x}ﬂs}%
Aom 24¥9lh

Gm—-comp1575 STt Wad QA

Eotethy | 22 A AR OlIA ol Gm-compl575

(A) Larva Adult
L1 L2 L3 L4 L5 F M
1575 e
(B) Female
HD TH ABD Pg ABD—Pg

RL32 _

Fig. 3. Expression profile of Gm-comp1575 (1575) in different
developmental stages (A) and tissues (B) of G. molesta. Expression
was analyzed by RT-PCR using gene-specific primers with a
reference of a constitutively expressed ribosomal gene, RL32.
‘L1-L5" indicate first to fifth instar larvae. ‘F’ and ‘M’ represent
female and male adults, respectively.‘HD’, 'TH’, and ‘ABD’ indicate
head, thorax and abdomen of female adults. ‘Pg’ and ‘ABD-
Pg’ indicate sex pheromone gland and abdomen deleting Pg,
respectively.
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sholstgirkFig. 3A). 53] 9] 49 vie), 71,
92 U0l RNA 53131 o) 7|4 A2 cDNAR s
2R AT} ) Helol At Wl slow teRitiFig
3B). E Vo] 4] A2 417} o] 25 o] Wzl Byia )
teo] A3 A3} 29 WEo| A ul ] ATkE ek,
ol st A= Gm-compl 5757 U7 0] Ao 2 2 Al o}y
o Oj2 B2 2o A% whalahs 102 BhelE|ir,

r 2 o

Jo nZ
wLoofl et
ﬂllo ml:] HJIO

= Wor
fr

Gm—-comp1575 QFIKIC| RNA ZHd S}

Gm-compl15759] i Lz Wl o] fAx}o] Ao =2 A
B2 o] S AR A ZE AT B0l Y Ao R 2
A=)}l o]& &l5t7] $J3l RNA 7H] 7|& 2 Gm-compl575
of 7138 18Tk RNA 7M1 18] 2 A= Gm-comp
1575 f7dAH2] 50]% dsRNAS Al £330tk o] & Hsokett
H 7] of] 391513 A|ZPE 2 W B Gm-compl15759]
AA| %S RT-qPCR 2 F2}613ic(Fig. 4). dSRNAES =1
o ol Qe A2 F24A1Kk0] oA Hhl
O] ZFAE Holil o] AIM=48A7H7HA] A &3 THFig. 4A).
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Fig. 4. RNA interference of Gm-comp1575in female adults of G.
molesta. dsRNA (300 ng per individual) was injected to pupa at
one day before adult emergence. Expression levels were measured
by RT-PCR (A) and RT-gPCR (B). A ribosomal gene, RL32, was used
for normalization of RNA extracts from different samples because
it was regarded as a reference gene that was constitutively
expressed. Each treatment was replicated three times. Different
letters above standard deviation bars indicate significant
difference among means at Type | error = 0.05 (LSD test).
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Fig. 5. Field assay of RNAi-treated G. molesta females. RNAi was
performed by injecting dsRNA (300 ng per individual) to pupa at
one day before adult emergence. (A) A delta trap for monitoring
male attraction, in which a female was caged in a screen ball with
a cotton plug impregnated with 10% sucrose solution. Monitoring
was performed for a week per replication. Inset shows a male
attracted and fixed on sticky plate. (B) Reduced attraction of
females treated with dsRNA specific to Gm-comp 1575 compared
to control dsRNA. Each treatment was replicated five times.
Different letters above standard deviation bars indicate significant
difference among means at Type | error = 0.05 (LSD test).
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Hh Tortricidae) o] 43 B0kl o] 7912 a2 5 4
2o AL EAo]T o] 7het] F 28 ARl Z8-12:Ac
oF EB-12:Ac9] HE Hl&2 ZUFQ Esoketd=ol(G.
dimorpha)$}2] A A Aele §xél= f) 223}t Iung et
al,, 2012). Egokee] 79 HEsokeitbdZolof vl &=

< cis Hl& Aol el = ek wp2bA of o] S AS B4
ShBaEska 4] Sof 5219 2ol 7} o] T 5] FHlo] 2
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A ¥t} Sphingolipid Desaturase= A~ 1 x| 21 0] EZ 3G A
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© B35 ATtE A H]EX—, dsRNA A 2|3} tj 2-10] 7§ 4=
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