4‘ Korean Journal Of Agricultural Science

m

Check for
updates

& OPEN ACCESS

Citation: Park SE, Youn YN. 2019.

Gene functional analysis of Harmonia
axyridis by in vitro transcription. Korean
Journal of Agricultural Science. https.//
doi.org/10.7744/kjoas.20190031

DOI: https://doi.org/10.7744/kjoas.20190031
Received: April 11,2019
Revised: May 31, 2019

Accepted: June 17, 2019

Copyright: © 2019 Korean Journal of
Agricultural Science

This is an Open Access artide

BY NG distributed under the tems of
the Creative Commons Attribution Non-Commerdial
License (http: //creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commerdial
us, distribution, and reproduction in any medium,
provided the original work is properly cited.

PLANT & FOREST

Gene functional analysis of Harmonia axyridis
by in vitro transcription

Sang-Eun Park, Young-Nam Youn'

Department of Agricultural Biology, College of Agriculture and Life Sciences, Chungnam National
University, Daejeon 34134, Korea

"Corresponding author: youngnam@cnu.ac.kr

Abstract

Random genes were screened in two transforming ways to investigate the new genes of a
ladybug using the Harmonia axyridis cDNA library stock cell cloned in the LITMUS 28i vector
in a previous study. Phenotypic variation was observed after injection of the synthesized
double-stranded RNA through the in vitro transcription process. The cDNA library of H.
axyridis was transformed into E. coli DH5a and 10B competent cells by heat shock. Analysis
of the nucleotide sequences of the 42 clones with the insert DNAs revealed that 21 clones
were homologous with the genes of insects, and only one clone had a gene from H. axyridis.
Thirteen of the 21 insect genes were homologous with genes from coleopteran insects.
Fourteen genes were selected, which were identified by the gene screening results, and were
synthesized as double-stranded RNA through in vitro transcription. One microgram of the
synthesized double-stranded RNA between segments T1 and T2 were injected using a syringe
into each anesthetized fourth larvae which were under 2 days old. As a result, a phenotypic
variation appeared in the larva injected with the two genes. While the eggs of H. axyridis
injected with distilled water hatched out three days after oviposition, the eggs of H. axyridis
injected with dsHma 06 did not hatch but become shrivel a week after oviposition. Most of
the H. axyridis injected with dsHma 08 died and were unable to complete the pupation or
eclosion during ecdysis.
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Introduction

T (Harmonia axyridis)+ 7 e ={(Coleoptera) T3 2l| ZHCoccinellidae)ol] &=
02 FYoMIok, Fotrote] EAFEo|m(Dobzhansky, 1933; Majerus, 1994; Coderre et al., 1995;
Koch, 2003), o12] 72| IRE, Z2] e, -Sol, e 52} Zo] Adx2 0= =0l =5l
5 EASh= 3935 & o2 A ITHChoi and Kim, 1985; Gordon, 1985; Ferran et al., 1986;
Ferran et al., 1996; Hodek and Honek, 1996; Seo and Youn, 2000, 2001; Koch, 2003). F-&*Hel= 71 Al A|
2 0 & °F 49045, 400004F0] L] o] ]2 (Singh, 1977), P2 U=toll A= 384 745-0] Halk|
o] QUI(ESK and KSAE, 1994), EolH| 2|7}l A 4000 Z(Belicek, 1976), 8- 3ol = 1100]Z0] HiL
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Shal S Rk ofua} ol 27}, ofLe}zt 5-A]ofl o] 271712 A MAIA 0 & F3Estal It (Iperti, 1986; Chapin and
Brou, 1991; Day et al., 1994; Tedders and Schaefer, 1994; Coderre et al., 1995; Kidd et al., 1995; Lamana and Miller, 1998; Koch et al,,
2006; Brown etal, 2007). E£3H 2= A4 3 {50 5 223 H Y AlEolli F5-2 oto] 716l she XS =l
ot Al o] ol =2 JAQIRFZA] o] ARSSHIL Qli=F 0 &2 FAIA 0 2 =2 7HA] & 7HA| AL lTHMarkkula
and Tittanen, 1980; Kauffinan and Schwalbe, 1991; Freier and Triltsch, 1995; Seo and Youn, 2000, 2001, 2002; Koch, 2003). 2Lt
nj=ol| A A 0 =H 75 BALE SAES ZelistAu thE 73 e S 7iA-2 a7 = Reaises
B %7 %= 5} ThKoch et al, 2004; Roy and Wajnberg, 2008; Kenis et al., 2007; Koch and Galvan, 2008). $HH, Sz o] =
Ch2 E4-2 ZAlol LR = theFet Al dat U 2 ol o] fsto] W2 AlEo] 415 el @11 Qi 2250 7ol
EfLhE Thefet el g o] HIAUSS Al 2SS, R84, AakehaQl Sof|A] gk opu]e) BhAgekA el S
oA I o} SR 22 EAI = TR A AL AL O (Oshima et al., 1956), T H 2 2] Z2A7E| o] AVJuiE 2 TpAol| A=
02 T 32 T2 49| 2302 R REIS F & ofg/dS 7RItk B =] Q{THTan, 1946). B3 Soares et al. (2001)
£ 10001Z o]Afo] The ARy sfel-S B 115191 O ™, Tan and Li (1932) BE3H 2| 9 2 Th2 2000 o] Afo] ARy
afel-S B sk a} Qlrk SfollA = A e o] R 2 ke Rz S 9fsto] 225o] Az A of ofsl=
prophenlooxidease (PPO) 3 A7 -] Ujol] Exf5h=A] A5 uE7t 9 O, amplified fragment length polymorphism
(AFLP)E B0l ZAMJuliEle] tlo] & 2AI5to] AT} a0 Qli= AFLP BAHAIE 1071 5 571 sequence
characterized amplified region (SCAR) EAMA| E 2 452 0 2 7kt A7} B 1 =] QJTHKim et al., 2012; Park et al., 2016).
TESF Seo et al. (2007)0] T3 Hel] ZAIFE] 2] F3F Holot -{A Q1 Aol gt Aol §:2 9] 2l ¥rtohy
2} 2742l QQlo] by o 7 Zh8sto] A RLE AAStial Bargh vl glom, 334|179 Ho| ¢ HH|7] 7]
2+ Eeke] 2w ot &= Al o) jist G o] AR HH Hlgol &k vl 4= okl B E] QT Komai, 1956; Osawa
and Nishida, 1992; Grill and Moore, 1998). ©] 25} ofu]a} g+ 7]- 23} A 2 73fo| 11 45 debd A1 & A/duliel i
£0] =7 YePdHAL H a1 B} QTh(Kang et al., 2009). “Le{U S8z ZA|FE] s g do]] ofwgh  2loj ofs) w1
o]7} dojut= s Btsizl A7t Glck
RNAI (RNA interference):= dsRNA (double-stranded RNA)°]| 2]5}] H{E £0]2] © = mRNAZ} 25l == 330 2 4]
A=, M| W E dsRNAZ} 0] 4 =]™H RNase [0l <75 H= Dicer©l] 2]5H] 21 - 25 nt2] siRNA (small interfering RNA)E &
the] 71, o] 27 A7] SiRNAZ}RISC (RNA induced silencing complex)2} 23+ Soj] AFE 2101 v F-8- 2H= mRNAo] 2%}
Sto] Mefz] o 2 Haisho 24 mRNAS] S AR|A]7|= TS AXITHFire et al, 1998; Sijen etal,, 2001; Bellés, 2010).
o]2] gt RNAi 712 of| A1} Z(Caenorhabditis elegans)Oll A1 21502 EHRISH 0] &2 (Fire et al., 1998), 714t 715 &
S gJall ZHA] o] 85kl O (Fjose et al., 2001), T EHAA L LS AA{ 2], Fde], S He], 234
LS54, v eSS Y], o Aul), el S (e 2 ut, o[ ER R, 4lute], Felgute, 22EE0l), =
A (7o, e, T e i), BE( =, ohe] 25 ), U S AR L, i, BEZA U,
St HlE7 | S E 2], A ER]), D70, SRS 5 B2 2ol AR 1 Bellés, 2010; Kim et
al, 2015; Ko and Youn, 2015), 5 €730l|A 52 HAst7] sl A4 0 & ARS-E 4= Gl A =2 TRk = A9t
1 1ThBaum et al., 2007; Mao et al., 2007; Huvenne and Smagghe, 2010). 22014 -5z} 7|5 A of| g RNAIS] 2 A5
991 2-8-2 Zu}2] vljolo]] dsRNAS U S A7L0]H(Kennerdell and Carthew, 1998), 1 0] 50| CreHHlEEO 2 dsRNAS
QJ5= embryonic RNAIZ} B 15| 91 CHFjose et al., 2001). 12]L} embryonic RNAI= A4 Z S 2416170 25}61A]
240} Tomoyasu and Denell 2004)2 % A7 22 dsRNAS T 5t0] AJF S E4]0l| -8-0]3H arval RNAIE B 15T
dsRNAE 15 A= Heoh= 12 Holof| ssRNAE A 2fsto] 7742 5ol eohe A A {H (feeding), W 2
AP |2 5] Sh= R (injection), dSRNA solution©l] S 24 F=A]7]= 1 (soaking)©] A=T(Yu et al, 2013), ©]24 3t

2k
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A A1) AgolA] o] 85}7]0] A7k ] § ol A AIZo] ) kot H1S: ZaHA2) RNA S Hle] W e st

A s T3] ZAIFEo] ofwgh {7} Holsh=A], B of4] e A] k2 el ks 2ot
Y A2 2t F 2| 2] cDNA libraryS- gene screening 5+3.9™, in vitro transcription © 2 -3 AFS- A1

TS RNA interference 7] 0 2 -8 2of] 21850 Hedg W0l S wEsH3lct

T
o
=
>~
T
i e
(¢]
N

C

Materials and Methods
SANE E U A

T38| (Harmonia axyridisy= 2015'd 33\ F4katollA] 2| &-571A w2} 20161 thg Al f-9+ 350l
A 75 oF]7HAT-S: plastic insect breeding dish (2173 10 X 4 cm)oll SRS, E50lZ T ES ATEQ] 7|5 4]
E1} 3 Algsto] FoiARS ST AE Eljod Alti2] 48 R5-5 Adol ARSSII L, E A2 25 £ 1°C, 16L:
8D, ATNEE 50 - 60%2] Z 710l A 7)) AR5

2t cDNA library At 32|

E. coli DH5a competent cell& o]- 83+ 344 23 2]

- E. coli 2R3

LITMUS 28i vector]] 22 d 5+ 73| cDNA libraryS DH50 E. coli competent cellol] & 27213+ 7T}, A =07 DH5
a competent cellofl LITMUS 28i vector©l] 22 d 3+ DNA plasmidZ- 1 pL 8.1, 7FEA| =2 2 4 o]A| $i}. d-gof| 585
QFgofie S0l 452 7H42°CollX & 45 7HitE @ 4 &, 23 F30l Y2 T2 LB broth | LS ¥ 1137°C R
71004 18175 BT, 1417 2 ampicilling: -2 LB Plate®l] 300 ULE =2 51l 37°CollA] oh=HE 57t
v FsAct.

- 224 9 Plasmid DNA £2]

37°Coll 5 E2t Hl A ampicillin HIA|E 7AW} ©Y F2U-E pipette tip= ©]-8-5H] LB broth 3 pLof| 2215}
it} 37°C 2 EHufoF7 ol A 180 pm. Q-2 5H2R} 59 DH5a E.coli el B FATE LB brothol] 512 S-2F I GAIZ] cell
S Alkaline Lysist] 2 ©]-8-5}0] DNAS %35} thBimboim and Doly, 1979).

- AlgkE4 2] - EcoRl, HindIIl

In vitro transcriptionS- 517] 9|3l LITMUS 28 Vector (NEB, Korea)°ll 82 ¢DNA library S 2 & 'J3F 212 EcoRIT}
HindllIZ 2] 2]5}0] 4)-8-71212] 3715 o151t Plasmid DNA £ 2 -2 plasmid DNA 7 pL, EcoRI (NEB, Korea)
0.5 UL, HindIIl (NEB, Korea) 0.5 UL, 2.1 buffer 1 UL, 374~ 1 YL (F* 10 UL)E 37°CollA] 64175 2F BHE-A| ZiTh

E. coli DH10B competent cellg ©]- 83+ 3212t 23 2]y

- E. coli A71%2 JAAE

LITMUS 28i vector®l] 225} cDNA library+= Electroporator (Bio-Rad, USA)S ©]-&5}0] ElectroMAX™ DH10B Cells
(Invitrogen, USA)ll & 2718+ AT} Electroporator= voltage 1.8 kV, resistance 200 ), capacity 25 uFZ A3 51tk LITMUS
28i Vector (NEB, Korea)©l] 223t cDNA library 2 pLE g1 Z 100 LLE ¥ZHE E. coli pulser” cuvette (BIO-RAD, USA)
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of| 71542 F3L L}A] SOC medium 900 UL go] Tj=le Skt mj=lgS ofal LA AHE-2- 1.5 uL Eppendorf tube
(Eppendorf, Germany)°ll 79 1A17F 52F37°C 21887 ol A BiFSHATE 1417 F-0f] ampicillin®] 5017+ LB platet] 10
HE] 107F4] 34510 100 pL? =gstal 37°Coll skt Bt Hl Y &, 22 U2] 45 Mlo] 5= & Akt £
e fzE AT 2] dsh=t ARSSEITE 7 E R Foll ARS-SEAL 2 cDNA library:= 300 pL aliquotsto] 70%
glycerol 200 ULE- -2 ] B =7 QI E 515} - 80°COl library stock O- 2 HE 513 Ck

- Z24 9 Plasmid DNA £2]

37°Coll 5HRE B2t M FAIZE ampicillin B A S 7AW o] T SF2UE pipette tiper ©]-8-51] LB broth 3 pLol £2]
51t 37°C FEH]Y7]ol A 180 pm 22 5124} 59 DH10B E.coli cell2 HiJ5}+SATE LB brotholl 57 50 HiFAIZ]
cellS Alkaline Lysis®-2- ©]-8-5H0] DNAZS 3%} thBimboim and Doly, 1979).

- AIjka 4 x]2] - EcoRI, HindIIl

In vitro transcriptionS- 171 ]38l LITMUS 28i VectorNEB, Korea)oll F-382]| cDNA library S =243+ 212 EcoRIZt
HindllI 2 2] 2]5}o] A)-5-A7} 2715 215t Plasmid DNA £-2] 2 A-2- plasmid DNA 7 UL, EcoRI (NEB, Korea) 0.5
WL, HindIll (NEB, Korea) 0.5 UL, 2.1 buffer 1 UL, S5 1 UL (& 10 uL)S 37°COllA] 64175 HES-A|ZATH

Double-stranded RNA &

Enzyme cutting — Hpal

T cDNA libraryol| A AHA-R-27F &I Qlele] {22 double-stranded RNAE g 5H7] 918l LITMUS
28i vectorol| S2'J %] 0] Q= plasmid T3-S A|HE A Hpal © 2 % 2|5to] A i) 2= THEATE A% 2] plasmid DNA
7 UL, HpaI (NEB, Korea) 1 UL, Cutsmart Buffer 1 pL, 254> 1 UL (& 10 uL) = 37°Col|A] 3h21F 5o Hhe A Tt

Double-stranded RNA 4

A% 0 2 TH= DNA 37 T7 RiboMax™ Express RNA system kit (Promega, USA)S- ©]-8-512] 14712] double-stranded
RNAE $Md5}F3th RiboMax™ Express T7 2X Buffer 10 pL, 418 DNA template 2 UL, Nuclease-Free Water 6 L, Enzyme Mix,
T7 Express 2 L (20 L) Z- 37°CollA] 2A17H5QHHRS A]7] 11 dsRNA S annealing 5171 9J8f] 70°COllA] 105250 HE-S-A]
71 5 7d-20lA 2025t BEEAIZITE dsRNA ©]2]o]] 'HoF)i= DNA template®} ssRNAE- |71 517] 2J3lA] 20081 5141
AlZ1 RNase 1 pL, DNase | ULE- €31 37°Col|A] 30252 FFS-AIZATE RESAIZT dsRNAE ollehs The-2 3o 5730

Lol &A1k
Double-stranded RNA ¢!
ga)dt 5 0- 2 o] H FFHY| 45 550 in vitro transcription Y-S E510] $HJ9H dsRNAS 51k -5 AU
2 A AL A SHER dsRNAS FU5H| 3AIH A BE F2H o, T3 Hshs gy o 2 H|wsh7] 98| izt
2o

BA AT, TF4 FU2 5130 dsRNA syringe (Hamilton, USAYS: ©]-8-5Fo] & & 2]+ - 25mH] Ufele]
2] 47 850l 1 pgulLE £ A 19kc] e} A 20k Abo]of] Niimi et al. (2005)2] BHH
ol ‘gFcl 8 m7HA| SRR S Be oS AR ES Yol 2 Al55t itk Fig 1).
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Results

cDNA library 78X A32|d

E.coli DH5a competent cellg o]- 83+ 334 23 2]y
- Ale Mz} 97] el
d 342 &3l FoJXI cDNA libraryoll A FHAE A6kl 2715 EelsH] ?4511*1 10" 2 3] A5to] =gt
ampicillin B R| o] A F-219] 2 Z51o] Z2 Y prep 5FATEH Ampicillin BiR]of] &£ 22 U= 2 95702, A E 72071 =

Fig. 1. Process of injecting dsRNA into H. axyridis abdominal region. A, A ladybug was anesthetized by carbon
dioxide gas, B, Anesthetized insect; C, Injection of dsRNA; D, After waking from the anesthetic; E: Pupa; F:
Observation of phenotype.

Fig. 2. Insert DNA of cDNA library was constructed from Harmonia axyridis on the electrophoresis. Plasmid
from 18 randomly selected colonies were analyzed on agarose gel for insert size. Insert size was confirmed
with the size of 150 - 500 bp. M, 1 kb plus ladder marker; Lane 1 - 18, Harmonia axyridis cDNA library random
gene insert.
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Y prepo}Rl oH, SHE = GRS AlQlskar 18719] A A-R-2b7E 2RI I, 71§39 2ke] 27]+= 150 - 500 bpE TF

ot 2715 &Rl 4= QI A TthFig. 2).
- A71X g2 9 NCBI blast

LITMUS 28i vector®l] 229 =|0]31E F3*H2] cDNA library g A 32]'d

213l plasmid DNAS 221 S5F AL, Al Ha 4~ EcoRIF HindIl 212} E-5-5191 A U744k 2
2|5} (Macrogen, Korea), NCBI blastE- &5l 55 047 A=A RIS Table 1). 1 A2 11702 f-07H=

TR FRIH I, 77iE 250] obd HE o ARl 5/ e BloH, 7

& et sde Bole

Shoa7he] ARkl A7 e S
? ARt %, A7 BEA S

o5t s

Lot

e -FRAARE 707F 1= It Table 4). 73 H2] 9247 ohd 25 7321071 5 o717 g e so = 7

elleh-f AR F0) R etelsgict,

Table 1. NCBI blast search data of Harmonia axyridis cDNA library gene screening using E. coli DH5a competent cell for
confirm redundancy.

No. EST blast search Size (bp) Identity (%) Accession number

1  PREDICTED: Alligator sinensis cytochrome P450 2K4-like (LOC102368184), mRNA 476 79 XM_006039181.2

2 Heligmosomoides polygyrus genome assembly H_bakeri_Edinburgh ,scaffold 229 82 11.202189.1
HPBE _scaffold0012539

3 PREDICTED: Nicrophorus vespilloides chitooligosaccharidolytic beta-N- 152 86 XM_017916476.1
acetylglucosaminidase (LOC108559261), transcript variant X3, mRNA

4 Prevotella fusca JCM 17724 strain W1435 chromosome 1, complete sequence 457 66 CP012074.1

5  Harmonia axyridis holotricin-like peptide mRNA, partial cds 342 97 FJ597735.1

6  PREDICTED: Tribolium castaneum PDZ and LIM domain protein Zasp 256 76 XM_015980515.1
(LOC658986), transcript variant X3, mRNA

7 Lingula anatina eukaryotic translation initiation factor 3 subunit A-like 293 87 XM_013523248.1
(LOC106150437), mRNA

8  Dendroctonus ponderosae Seq01036971, whole genome shotgun sequence 259 76 APGK01036961.1

9  PREDICTED: Bombyx mori inverted formin-2-like (LOC101737866), mRNA 252 85 XM_004927481.2

10 Latrodectus Hesperus clone CV6 60S ribosomal protein 127a mRNA, partial cds 207 89 HQO005776.1

11 PREDICTED: Biomphalaria glabrata glutamine synthetase-like (LOC106066039), 253 78 XM_013225010.1
mRNA

12 Nicrophorus vespilloides trithorax group protein osa (LOC108557678), transcript 474 75 XM_017914293.1
variant X2, mRNA

13 Asobara tabida hch gene for ferritin heavy chain and Ich gene for ferritin light 220 78 FN395057.1
chain

14 Dendroctonus ponderosae Seq01029514, whole genome shotgun sequence 152 88 APGK01029504.1

15 PREDICTED: Anoplophora glabripennis nuclear transcription factor Y subunit 289 80 XM_018706714.1
beta (LOC108904243), transcript variant X1, mRNA

16 Linepithema humile uncharacterized LOC105669426 (LOC105669426), mRNA 261 80 XM_12362388.1

17 PREDICTED: Copidosoma floridanum Y-box factor homolog (LOC106646017), 282 87 XM_014362010.1
transcript variant X2, mRNA

18  Streptococcus suis T15, complete genome 177 93 CP006246.1

Table 2. Harmonia axyridis cDNA library titration after transforming in E. coli DH10B competent cell. The cDNA library
titration was determined by counting colonies.

Dilution Amount plated (uL) Number of colonies/plate Titration (cfu/pL) Average titration (cfu/uL)
10? 100 373 3.73 X 10*

10° 100 64 6.4 x 10* 571 % 10*

10" 100 7 7 x 10
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E.coli DH10B competent cellZ o]-8-3F 544 A3 2]
- cDNA library 335%

ElectroporatorS- ©]-8-519 ElectroMAX™ DH10B Cells (Invitrogen, USA )0l 5

2] ¢cDNA library - transformationA] 71 5

37°C XRHg7 104 1A17HE S BTt 1A1RF 5 DNA library S 10"01|4] 10%7F2] ]A36}0] ampicillinHi2]of] =2

5 37°Col| 5
3ol e wakst uz|oj|A] 771e] 22 UE EHols }o:]l 10-3§4A-10H o
10" SAeol A E A 4 g e Be F2US Flsjolch =Y

a st i eFet H thad 7 the- E2UE Alo] cDNA library 445 =5 S5t 1. 23 107
LIkl R of| A= 647H, 10°8] A ol A= 3737,
H2| cDNA library cell stock -2 AR 245

Table 3. NCBI blast search data of clones selected in E. coli DH10B competent cell transformed with Harmonia axyridis
cDNA library.

No. EST blast search

Size (bp) Identity (%) Accession number

1
2
3

10

11
12

13
14
15

16

17

18

19

20

21

22

23

24

Paenibacillus odorifer strain DSM 15391, complete genome

Medicago truncatula clone mth2-7k2, complete sequence

PREDICTED: Tribolium castaneum uncharacterized LOC100141683, transcript
variant X2, mRNA

Parascaris equorum genome assembly P_equorum ,scaffold PEQ_scaffold0036355
PREDICTED: Agrilus planipennis RNA-binding protein 24-like (LOC108738201),
transcript variant X2, mRNA

Papilio xuthus 60S ribosomal protein L13 (LOC106124431), mRNA
Protopolystoma xenopodis genome assembly P_xenopodis_South_Africa ,scaffold
PXEA_contig0179453

PREDICTED: Tribolium castaneum vigilin (LOC658150), mRNA

PREDICTED: Papilio xuthus uncharacterized LOC106120164 (LOC106120164),
mRNA

PREDICTED: Meleagris gallopavo myotubularin related protein 9 (MTMR9),
mRNA

PREDICTED: Alligator sinensis cytochrome P450 2K4-like (LOC102368184), mRNA
PREDICTED: Tribolium castaneum titin (LOC662729), transcript variant X3,
mRNA

Salmo salar clone Contig4326 Cystatin-B putative mRNA, complete cds
Staphylococcus saprophyticus strain FDAARGOS_137, complete genome
Dictyostelium fasciculatum putative glycoside hydrolase (DFA_09374) mRNA,
complete cds

PREDICTED: Mustela putorius furo tripartite motif containing 6 (TRIM6),
transcript variant X6, mRNA

PREDICTED: Tribolium castaneum death-inducer obliterator 1 (LOC658430),
transcript variant X2, mRNA

PREDICTED: Cephus cinctus uncharacterized LOC107269745 (LOC107269745),
transcript variant X2, mRNA

Ceratina calcarata nuclear hormone receptor E75 (LOC108627169), transcript
variant X3, mRNA

Spirometra erinaceieuropaei genome assembly S_erinaceieuropaei ,scaffold
SPER_scaffold0179601

PREDICTED: Tribolium castaneum uncharacterized LOC664518 (LOC664518),
mRNA

Heligmosomoides polygyrus genome assembly H_bakeri_Edinburgh ,scaffold
HPBE_contig0014130

Bacillus thuringiensis serovar finitimus YBT-020 plasmid pBMB26, complete
sequence

PREDICTED: Eufriesea mexicana nucleosome assembly protein 1-like 1
(LOC108550806), transcript variant X3, mRNA

386
177
294

304
249

273
240

284
256

486

475
477

133
312
265

228

275

192

197

315

362

262

287

275

86
85
71

9
79

79
93

71
76

67

79
77

100
80
68

94

77

79

83

90

67

79

93

75

CP009428.1
AC144340.30
XM_001809187.3

LM499888.1
XM_018471493.1

NM_001312365.1
LM921808.1

XM_008199674.2
XM_013315404.1

XM_010708204.1

XM_006039181.2
XM_015977784.1

BT058358.1
CP014057.1
XM_004354675.1

XM_004779006.2

XM_964818.4

XM_015743953.1

XM_018028265.1

LN215903.1

XM_008197772.2

LL221712.1

CP002509.1

XM_017904673.1
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=571 X 10'0] A THTable 2).
ARz 27] g1l
Q7154 B3l Aol cDNA libraryoll A §32HE Adstal 3715 ERlstr| YJsiA] 1072 3]Asto] =&t

ampicillin B 2] 0| 4] T2 2 5o F2U] prep SHATE 1 3 24719] 2R YoM A2 ERIE] o] f1AtE

Adksled 1, 71 -G Axke] 371 130- 500 bpE THARE A7) 2 E918 4= Q131 thFig. 3).

- 471X g+ 9 NCBI blast
LITMUS 28i vectorol] 229 =[] UH FFH2] cDNA library 5 2= 2]'d 3 18712] F34k] A7 MBS 27 2lsh

plasmid DNA &2|5} 11, AI9HE 4 FcoRIZ} Hindlll %] 2] & 5510 A ARSI 2, A7 |4 DA S o) F]

(Macrogen, Korea), NCBI blastE &3l -55= -2} QA=A 16T Table 3). L 23} 117]2] f-A = 25 5

et 8= Hol= fAALR FRIEIQI, 137 = 2250] obd thE Z2] AP ERlE|gl o, Fahde] f4x

ol
=1

R

-

ME2aE 204 5 6. 7 8 .9 101112 131415 1617 1819 2021 2288500

we “wy ewewewwe-ewwewew-

Fig. 3. Insert DNA of plasmid was selected from colonies of E. coli transformed with Harmonia axyridis cDNA
library on the electrophoresis. Plasmid from 24 randomly selected colonies were analyzed on agarose gel for
insert size. Insert size was confirmed with the size of 130 - 500 bp. M, 1 kb plus ladder marker; Lane 1 - 24,
Harmonia axyridis cDNA library random gene insert.

Fig. 4. An electrophoresis of cutting plasmid DNA with Hpal. Band size was confirmed with 3 - 4 kb. M, 1 kb
plus DNA ladder maker; Lane 1 - 14, plasmid DNA was cut with Hpal.

Table 4. Results of sequencing analysis with a colonies using E. coli DH5a competent cell and E. coli DH10B
competent cell in NCBI blast search.

Gene No. of sample obtained by E. coli DH5a No. of sample obtained by E. coli DH10B
Harmonia axyridis 1 0
Other insects 10 11
Other species 7 13
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9} 4542 Hol ARk SHelE|] UIThTuble 4). FRe] S84t obd 25§14} 137} 5 67t g el
20 nopaieh g AR S SR RIS

24| random geneS 0| 2%t RNAI

Double-stranded RNA 34
- Enzyme cutting — Hpal
g S4S B9l Aust 342} 18705 57H(Hma 01 - 05)2t electroporator S &3l ATESH 5721 2471 5 97H(Hima 06 - 14),

Fig. 5. An electrophoresis of dsRNA. Band appear on about 300 - 700 bp. M, 1 kb DNA ladder marker; Lane 1
- 14, dsHma 01 - dsHma 14 was synthesized with 300 - 700 bp.

Table 5. List of gene information selected to synthesized and injected double-stranded RNA after H. axyridis cDNA library
gene screening.

dsHma DNA blast search Size (bp) Accession number

01 PREDICTED: Tribolium castaneum PDZ and LIM domain protein Zasp (LOC658986), 256 XM_015980515.1
transcript variant X3, mRNA
02 Lingula anatina eukaryotic translation initiation factor 3 subunit A-like (LOC106150437), 293 XM_013523248.1

mRNA
03 Dendroctonus ponderosae Seq01036971, whole genome shotgun sequence 259  APGK01036961.1
04 PREDICTED: Alligator sinensis cytochrome P450 2K4-like (LOC102368184), mRNA 476 XM_006039181.2
05 PREDICTED: Bombyx mori inverted formin-2-like (LOC101737866), mRNA 252 XM_004927481.2
06 PREDICTED: Tribolium castaneum uncharacterized LOC100141683, transcript variant 294 XM_001809187.3
X2, mRNA
07 Papilio xuthus 60S ribosomal protein L13 (LOC106124431), mRNA 273  NM_001312365.1

08 PREDICTED: Agrilus planipennis RNA-binding protein 24-like (LOC108738201), transcript 249~ XM_018471493.1
variant X2, mRNA

09 PREDICTED: Tribolium castaneum vigilin (LOC658150), mRNA 284 XM_008199674.2
10 PREDICTED: Alligator sinensis cytochrome P450 2K4-like (LOC102368184), mRNA 475 XM_006039181.2
11 Salmo salar clone Contig4326 Cystatin-B putative mRNA, complete cds 133 BT058358.1

12 PREDICTED: Mustela putorius furo tripartite motif containing 6 (TRIM6), transcript 228  XM_004779006.2

variant X6, mRNA

13 PREDICTED: Tribolium castaneum death-inducer obliterator 1 (LOC658430), transcript 275  XM_964818.4
variant X2, mRNA

14 PREDICTED: Cephus cinctus uncharacterized 1.OC107269745 (LOC107269745), transcript 192 XM_015743953.1
variant X2, mRNA
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Z 14709] FHAAKES: A7, 25-0] obd 3542} 57H)E- double-stranded RNAZ 3/d517] 9J5H LITMUS 28i vector
of] 221 =jojQl= SR S0l HpalS *]2)5t0] Y] DNAS 413 2] DNAZ THSACK Table 5). Hpal S X1 2]+ A}
°F3-4 kb ol A Hpal 02 2 Wl =2 2ol 4= QI THFig 4).

- Double-stranded RNA &4

Fig. 40|14 EQl15t A& 2] DNAES 33 © & T7 RiboMax™ Express RNA system kit (Promega, USA)Z- ©]-85}°] double-
stranded RNA (dsHma 01 - dsHma 14)& 3Hd5H3T} 7L 23t 2F300 - 700 bpoll A 23 dsRNAS ZHRI5HITHFig. 5).

Fig. 6. Comparison of eggs oviposited Harmonia axyridis that were injected with dsHma 06 and distilled
water A, A day old eggs that oviposited H. axyridis injected with distilled water; B, A day old eggs that
oviposited H. axyridis injected with dsHma 06; C, Three days after H. axyridis injected with distilled water
oviposit, Hatching; D, A week after, H. axyridis injected with dsHma 06 oviposit, not hatched and become
shrivel and thick color.

Table 6. Results of dsRNA injected into the fourth instar larva on elytra pattern.

Treatment plot pattern I pattern II pattern IIT pattern IV pattern V
dsHma 01 3 10 5 3 0
dsHma 02 3 8 5 2 0
dsHma 03 2 7 3 1 0
dsHma 04 3 11 6 1 0
dsHma 05 6 10 4 4 0
dsHma 06 4 6 5 2 0
dsHma 07 6 8 2 1 0
dsHma 08 2 5 3 3 0
dsHma 09 5 8 6 0 0
dsHma 10 7 9 4 1 0
dsHma 11 5 5 5 3 0
dsHma 12 6 5 7 2 0
dsHma 13 8 10 6 0 0
dsHma 14 7 8 6 2 0
Dry weight 6 12 8 3 0
Non-injection 14 16 13 6 0

Pattern I, no black spots on yellow or red elytra; Pattern II, 1 - 9 black spots on yellow or red elytra; Pattern III, 10
- 18 black spots on yellow or red elytra; pattern IV, 19 black spots on yellow or red elytra; Pattern V, Inexpressible
and rare elyta.
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- Double-stranded RNA %] 3 T3 Wo|

Aol A 70 AbgSE F e 743 o] 2] 0-2U0] E RS w, 75-2] B A 10t} e} A 20t Abo]o syringeS:
0]-85}0 double-stranded RNAE 1 uLA] TSI} 22| A2 78], T-7<, dsRNA £ 37| 2 51%lom, 1
A} ZA| 7L o] HHF-S B3NS o) dsHma 01 - dsHma 140114] 25 279} v HHPS U= 22 2 4
AJTHTable 6). T3 2 A T 2]o] Y Hol S S w= dsHma 01 - dsHma 055 FUSH WA S0l LS
EAYRo|7F B F] okglom, /gFo] E]7] Hof| |AlsH 7hA[Eo] WA Sl ok SAU RIdZ 7= 7] %
| S oH 2 H|Rt Pt o g =710 & o, 9]9] 34 0 & XAt 710 & BRIt dsHma 07, dsHma 09
- dsHma 14 FY 7= 071 2 A5 B3 Mol S 2k 5t 4= gIgieh 2] ut dsHma 067} dsHma 08-S FUSH 7

>

2

Fig. 7. Phenotypic variation after injected dsHma 08. A, Control Pupae; B, Dead pupae that turns black could
not eclose into adults; C, larvae that could not melt and died during pupation; D, Pupae that could not be
emergence.

Table 7. Results of dsRNA injected into the fourth instar larva on phenotypic variation.

Treatment plot ~ No. of injected larvae  No. of dead larvae  No. of dead pupae = No. of dead adults ~ No. of normal adults

dsHma 01 28 5 2 0 21
dsHma 02 28 10 0 0 18
dsHma 03 22 7 2 0 13
dsHma 04 25 4 0 0 21
dsHma 05 30 3 3 0 24
dsHma 06 30 4 9 0 17
dsHma 07 24 4 3 0 17
dsHma 08 30 5 12 0 13
dsHma 09 27 5 3 0 19
dsHma 10 25 4 0 0 21
dsHma 11 25 3 4 0 18
dsHma 12 28 7 1 0 20
dsHma 13 30 4 2 0 24
dsHma 14 29 4 2 0 23
Dry weight 37 6 2 0 29
Non-injection 54 4 1 0 49
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Heflo| M TP 0] E EATKTable 7).

dsHma 06

dsHma 062] -~ A= NCBI blast search 2} Tribolium castancum®] mRNA2} 71%2] A5/43-& ZH= 7S 3302
2t Z o] (Table 5), dsHima 062 U S 7HA|S0] 83515 & F-2 Zo] Wol A ZFo] | T 4ol7t A=A &Rlsh ] ¢
3} Ho| S 35510 A7 10 X 4 em Plastic insect breeding dishol| 4] AR 0™, 1 At AR 7EA] & 4= Q191 oLt 3
o] ALt Ftel = thx7et 22| dsHma 062 U 7HAIE0] F &2 F5t=| %] b1 et 31 ThFig. 6).

dsHma 08 3%

dsHma 082] -3~ A}<= NCBI blast search Z 2} Agrilus planipennis mRNAZ} 79%2] AF5A1S 2= G- )
/33t Zlo]m(Table 5), dsHma 08 S FUSHHAIE 5 B2 7HA 0] §8H2 npx| 2] £5H A S 7L}, el 7] Adefoll M =

93keh= 2ol Z30chFig 7).

Discussion

3| Harmonia axyridisy= A1/ 2424 0 24 B2 AL wsiE T =R WAl ARE AL lom

ZA| T2k AVde] theg g o] & A ThDobzhansky, 1933; Komai, 1956; Osawa and Nishida, 1992). 24|75 0]] s}
o] B2 AF-50] QA|Th(Tan and Li, 1934; Tan, 1946; Komai, 1956; Seo et al., 2008; Michie et al., 2010; Lee et al., 2011), ©}2] o]
St -2 F AR of] Tojoh=A] DA A] k2 et o et Fede| o] fxdztel tgh A7} njH| st

2 =12ollA= Jung 2016)01] 2Jsl A1 A= A|atE Fedde] cDNA library S ©]-851H0] in vitro transcription 2 & ©]
et /-2

217} g e|of] EAshEA] FAaAF 23892 SHAAL, T AR o Rt 7152 SheA] 245k flel
RNA interference S ©]-8-5} 31t RNAIE 0|83 F- 8| - A} 451= Niimi et al. (2005)7}+ 32| /32 tha] e} Qt
Ef|ut 2t I H Distal-less®} aristaless double-stranded RNAS- 5291510 23 #5191 31, germeline transformation -
o] 0] & 71548 2 7] 93l EGFP (enhanced green fluorescent protein) dsSRNAS- = 5H0] 2H1519 0 M (Kuwayama et al.,
2006), 32 G7i FAol|l F 23t A& 1= vestigial? scalloped double-stranded RNAS- 5291510 =2 WA|Q1
22 AR5 QJ5h EA] Hohs RS FEFITHONde et al, 2009). 0|2t 7 ATES Sl Fdde] & wE
S H5HM - 0llA1S] RNA interference”} 5t th= 218 & 4= Uk

£ =F2ollAl LITMUS 28 vectorol] 22 'deH 53 82| cDNA library S 5 71| E.coli competent cellof] TH2 %410 &
FANSAIA 1 G282 v w0, 1 A3} Ecoli DH5a competent cellol] & 528 71510] 95712] F2UZ A
2, transformation B-8-5 #°17] 213} electroporatorS: ©]-8-5+ E.coli 10B competent cellol] 17132 B273d%he 510 571
X 10'2] cDNA library & 2152 (Table 2). F-412F 718 21t A3, OF 100 - 500 bpo] HAFHIAE A2
1, 0] Aol A ¢cDNA 2717}200 bpel/d, Z/th 1,300 bp=- 'FA] ool 5HH, 'FH-S4-12] M| (Diabroticaundecim
punctata howardi)°l| ] double-stranded RNA2] Z7]7} 60 - 240 bp @ 95% 0|2 -2 X|AE-S HQl 23} vl 51 &
gtz 1ol ARt 2719 AARAAARE RIS S & 4 A ATH(Liv and Page, 2008; Bolognesi etal., 2012). 7 'Hz {31
A AT 2GS T, F7IMLGEA At EO|Z NCBI blastS 55) F2E= G412 201519 O (Table 1,3), 2L 2
I} oF Aol I3 frdRtet g7l o] R e fRAel 5 d S ol AAAARE lsk I ThTable 4). 5 F-34H &
oA =t o] T of 2 W e s 50| gl.om o= oA 7kA] F ol thEh-§At A7t o] o
AA] QoA fARRE F0] RS R ERIE T = AS HolEr) fat 238 dS 5ol ATE -FAHES double-
stranded RNAE S A1A Fle|o] F5 §-5:9] Hxol skl Tof up2 733 #o]7h vehh=A] #&siel
o B3 B0 2 Hol= & 7] {322 ERlsiqinh A M2 Jd&Hgd Aol ol e Y 07]= 1ol & E2l dstima 06
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9] A= AR B =57 A 2] (Tribolium castaneum)2] -FAALE £ A 0] 2| 2] &h2 A= ob4] Bl5{7] gk ¢l
= FAAIATH Table 5). dsHma 062 U3 7HAIE 5 AJS7HA] A4S 7iA1 0] un| S AR7EA] ofl =, thx+
BA FHFE FU NS 22 ARReEA] 3¢ Thol] Hak= §HA dsHma 062 $USH 7 E0] Atatsh &2
7} 23kst2] dth(Fig. 6). o= FE@ Aol WA 339217} knock-out™=] o] A2 H L2 AleksA] okl

2 A45-2] /dAQ1 AIZHE-S A x| oh= A o= AZHE T g Adoll= 7-2FS 2 E juvenile hormone) 2} A7 #H] &
22 ecdysteroid (20-hydroxyecdysone, ecdysone) 5-2] E8H21-8-0 2 A EITHZou et al, 1988; David et al., 1998; Kozhanova,
2000; Boo, 2001). 1 Foll = £3] feks 222 iAo d& g S X1A]7]1 T ciaks 2dsto] b A%
of] Io{$k(Hagedom and Kunkel, 1979; Kozhanova, 2000). 5% B} &|(Blattella germanica)©ll 4] dsBgVeR (vitellogenin
receptor) & &g 2FE0ll FUsHL 8Y Foll A7NsE ull, 7|1 % FRA|ZEE vitellogenin®] <=7} 0| F0 A A] 2L F&
I Ujo]] vitellogenin®| ‘FoF3lo] WA E 9] AJ<so] o] Zof R A] QAT (Ciudad et al, 2006), 28 (Apis mellifera), 7 =
7)(Dermacentor variabilis) ‘5|41 %= dsVgRa =450 WA Al &2 2216HI tHAmdam etal., 2003; Mitchell et al.,
2007; Antonio et al, 2008). = FH#| FHO|E H Q1 dsHma 082] A= & 2|H| T H2|(Agrlus planipennis)2] - AF= RNA-
binding protein2} 1% -3 &0 | Th(Tuble 5). RNA-binding protein (RBP)= Al 01| A] single -2 double stranded RNA2} 2
3151 ribonucleoprotein E3HAIE F/doh=tl s = Tl RS TSIt RBPE= A E0A 4 B2 TS sl 1
Z splicing®] - polyadenylation, mRNA stabilization, mRNA localization, translation2} Z+o] 3212} {l&dof| QlojA] RNAS] A
AFE ZZo]| 235+ &S S Hogan et al., 2008; Glisovic et al.,, 2008). TH2HA] S 2jv|chde|el Z-e w e =) Hot
el A == RNA-binding protein®] -A}2A] 283t 4= 1O, dsHima 082 U e F3d22] F3HS B S
ufl, 83}, 25} B oA 2olE oFA] Eolal 2 AS &RIE 4 QU AThFig. 7). o= 2ol Hofoh= At
Qo] lofA] dsRNAZ} 2H-8-5to] Euf7t A= & Zol2tal AZHET. o] 2]oll % Drosophila®llA] RNA-binding protein
R2D2E- 0]-83}0] RNAI pathway S 175121 2 (Liu et al,, 2003), ]S EHZ FolluhBombyx mori)h AR =57 %]
2](Thibolium castaneum)°l] RNAi A 7] RNA-binding protein R2D22} Translin®] 2&-8- 714 11 RNAi pathwayS 717} Bl
= BFQlck(Swevers etal. 2011).

2 Aol A<= LITMUS 28i vectorol] S =35 0] = F3H 2] cDNA library stock cell- 7 HA] HH 0 = & 2 eho}
of fHIR} 232]Y dto] BIAME AUSIATE In vitro transcriptionS: 531 41321217+ 21 random geneS: double-
straned RNAE §1/gd et &, F ]| 47 §-52] Hiol Fsto] ZHY ¥lo|& st Aol Tet 233
Hol|= UehA] YA eE o2 = 712 9] 233 Ho & gkl A=et 512 =elE 9lsiA RACEE &3l
ZAZFE] full sequence s YOI 71 A HE SRIGH0 244, obA] 2 117} E|o|QLA] gh2 Fde]| fdxHERt ohy
22 S Foto] ohE 250 R4 7|5 Aol Egol H £ US A

Mo

—

Conclusion

B AT T M2 fAIA EAE ffste] AR A= A2et LITMUS 28i vectorl] 229
cDNA library stock cell= ©]-85t0] F 7}x] HHH 0 = P AZSH A]A random gene 23 2] 5}l ZF §-117}2] 715
B35 213l in vitro transcription 242 E35}0] double-stranded RNAS- $HJ51TL F:91510] E3Y WolS T35t

382 ¢DNA library € E.coli DH5a competent cellol] & F42 7Ioto] FAALst Axf 9571e] S2YE Ao,
ElectroporatorS- ©]-85}9 E.coli 10B competent cellol] 217|152 F&AAS A7 A1} 571 X 10°2] A== do] §8-2

=T} FUHTO 2 A2 cDNA library©l| A Yol 2 F2UE AEisto] AU-R-32+S &R1sH 23t E.coli Sa competent
cellof| 4] 2F 150 - 500 bp2] 27121 187]2] AU-F-HARE 218t 4= 91131, E.coli 10B competent cello| 4] 2F 130 - 500 bp2]
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iy

37191 24700 A A BG4+ ISITE Al 847} Q1 Bkl cDNA librry §30742] @7)42g o
7] 915l 427112] F2-S Q714 DA (Macrogen) 223 O 1, 1 A} Fepde| fAAF 17), 25 A 200, thE &
20719] /5/d& Hol= FHARE ERISIIN 225 392 2170 F 13707 S el & 25-2] SAAich 47 A&
A2d A} dobdl FHRE F 14709] SRS in vitro transcription=- 551 2F 300 - 700 bp =712 double stranded RNA
£ g5t e o] F5 91 45 550l T/d S double stranded RNAES- -0 50| Y WHo| 5 5o
H, 71 A1} 5 7] fAReA 2 Y §o|7F Hit SRS TUTHIAI] -2 AFtstA] 3 o] AUl BEsiA]
1k, dsHma 062 U3 7iA2] & 1Yol Ak Halslr] eial ekl Ao] B ZsiAitt. dsHma 082 A%t
A2 o783 52 28HE Al nhx| 2] Eotal ga] EFof 2| AR

O
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