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B E [BB)] HRILTHEAMES (Chitin synthase, fEi#% CHS ) X PU4E#] T Frankliniella occidentalis
ARKEWEW, BEFR-FNEENTIEE SR, [ A& ] wkErEs 50 CHS B, w4k
Fochs, XF RNA T4 (RNAi) ARG [ FHR ] Fochs ZEFF I HES KN 4 656 bp, HtT
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Cloning and functional analysis of the chitin synthase in
Frankliniella occidentalis
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Abstract [Aim] To investigate the impact of chitin synthase (CHS) on the growth and development of Frankliniella
occidentalis, aiming to identify a potential target for controlling F. occidentalis. [Methods] The CHS gene of F. occidentalis
was cloned and named Fochs, and its function was investigated using RNA interference (RNAi) technology. [Results] The
full-length open reading frame of the Fochs gene was 4 656 bp, encoding 1 551 amino acids, and the predicted molecular
weight was 176.02 kD. The conserved domain was Glyco-tranf-GTA-type superfamily. The phylogenetic tree indicated that the
Fochs had the closest genetic relationship with the CHS of Thrips palmi. RT-qPCR results demonstrated that the Fochs gene
was expressed at all stages of the growth and development of F. occidentalis, with the highest expression in the 2nd instar
nymphs, followed by the pro-pupae. After silencing Fochs for 120 h, the mortality rates of the 2nd instar nymphs and
pro-pupae was significantly increased (P < 0.01), while the pupation rate and eclosion rate was significantly decreased (P <
0.01). Both nymphs and pupae exhibited morphological changes such as wrinkled cuticle, reduced body size, and deformity,

with almost no effect on newly eclosed adults. [Conclusion] The chitin synthase gene plays a significant role in the growth
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and development of F. occidentalis, making it a potential target for precise and environmentally friendly control through

RNAi-mediated approaches.

Key words Frankliniella occidentalis; chitin synthetase; growth and development; RNAi

V468 & Frankliniella occidentalis &=t 5%
fyEE A FE 4t (Kirk and Terry, 2003 ), %
AR R S O SR R AR | AR 2K R
i NG H , R ARG B 2205 5 ( Tomato
spotted wilt virus, TSWV ) S57E P 1) 2 FAHY) 9
B, FEREYREIRA) IZ AT, W RE S E )
K (REHEHES, 2013; Yuan et al., 2023 ), PHALH]
ARV, R AT 1.2 mm, &
FHREJIOR, Spiechs, BiIaMERERR K (Reitz, 2009;
Reitz et al., 2020; Yuan et al., 2023 ), [EPISMT T
VA 5 R B 32 AR AR R BRI, (ER HUR)
B Ao ol FH T 300G A6 i H B 2 PR R R

( Zhang et al., 2022 ), TiFHRAK 245 Z MBI T
BN EEAL S Bk, MERRERERE
SAEBSFHLRI AT, 1 BB AR
DL B R Rtk 1 B 4R B T RE

JUT B R A E A LA B PR e
M FELR ST, IME B R AR, 2R
SANAR S —EFERE (Jiang ef al., 2021); S5
WIES 5 B kN A Sisk , AT 2ib &8
FIHARFE FZ (Wang et al., 2012 ); I A AME
P By O o T AT A R HUAR N 1 5 — 3 B
PRAr b g b B 240 5 52 45 B DL 1 B i
KA (Ostrowski et al., 2002 ), JLT FiZ5=
HRIR R, O R AR T R E R LR, Rl
ek TR B SRS R et SRt fER R
MAKE B REEEEE/EH ( Merzendorfer,
2011 )o JULT Fa& mill 2 LT A BLs A2 i O
it iz — ( Merzendorfer, 2006 ), H.H Fikf ™

s B AR ARG B, IS LT B G
AT DR VG A6 ] B 1) B 36 B AR — iR Y 4 € 1) B
PERL A
JUT & B2 — R 50 2 AT W 2E T 6e i) il
AR, JBILT BTG AGHE B T8 B R —
( Ostrowski et al., 2002 ), HEZIRELKEIEA
) L ABE S B B A2 AR LT bl eE I, iIXO= L
TIAEY A RS G A B B A B LT oo B

A Tk AR b ) R TR d S R ) 4 e
A A RHRERILT Bk er 4, dEimie s B doh
FEAHABLH LU P LT Bahty (5K SCREE, 2011;
Moussian et al., 2015 ), EHPZmLILT A
Jif ) HE A ( Chitin synthase, CHS 3&[H ) EE 4 H
PiZE: JUT B Wi | ( CHSI 8¢ CHSA ) HULT
A i 2 (CHS2 8% CHSB ), 2% M f7AE
2FILT B BUAe, RS B A U A AE
1 Fi ( Merzendorfer, 2006 ), CHSI i & 7£ & B4k
HEMAE R RRERL, CHS2 WMEZAT Y
BRI LT Bia i (ARFHJRSE, 2024 ), Shi
4 (2016a) T T LB R Leptinotarsa
decemlineata JLU'T Jit W L iER) UAP &9, 9140
TR T HAER K MAB)Z (LdUAPT ) F &
(LdUAP2 )& U WA B e v 5 kB Bk
HAETHILT B G Ui 5 K ( LdCHSA 5
LACHSB ) J& 32 4 E H Ui 4 AN REN L
TR H AR B AL B, BIE T ILT B
fitg 1 D RE SR 2K 23 H iR S ECSR B UL B v
55 Kl F AR AZ B ( Shi et al., 2016b ). T 7E 48
“RE\ Nilaparvata lugens ', {#i ] dsNICHSA T
B CHSA X 380 U IRHE , $£ 28T (Li
etal., 2017 ),

RNA F#t ( RNA interference, RNAi) K
JE—FPE 5] AXUEE RNA R M b TSk H bk
KRB F AW TB, BB SR Fi 5 i
il AR P S I R ) D BE ( Cooper et al.,
2019 ), H:T RNAi WAYRZGF X —HLH]
B E E BT dsSRNA B3, SN2
FEHEST R, FFE e ORI A TR, B IR
FEHEB TS ( Cagliari et al., 2019 ), JLT
JoT 5 BTt A R DR LR TL T o5 B A28 v 1Y) G Bt
PR, E 40 L AU e i 7 VT R e BE A
ABIFGE I T PG AR S 1) K PRI RN SR 2 B0, X
VG AE A b1 LT 5T B R A T 1 v B A L)
REIRER, BTN VU A B %) S (o By 42 2 I 1
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1 #R5RE
1.1 #REHR

PEAERT DA EET 2003 4ER [ b E AR F
e AL T T i A, TR TS G Y
VUZE 5. Phaseolus vulgaris 3% 24, W32 50F
NIRIE (25+1) °C. MIXHRE 70%. ¢ JH )
16L : 8D,

1.2 A#ELD CHS EEMEE

FETAE 5L 50 2 1 VY 6 i) ) i PR 2 i 5%
HEHE (ERAEE RO R AR R, &5
5> GWHCBHLO00000000 ), k4575 £ %]t CHS
N, 4N Fochs, FIFHTELM¥Y Primer 5

( https://www.primer5plus.com/index.html ) #5711
ERY W HATIFAEUE (£ 1), FEERR
25 uL: Mix 12.5 pL ( RARE IR ERE ), BT
Y45 1 uL, cDNA #iflie 1 uL, 7K 9.5 uL; PCR ¥~
HREY . 95 CHIASPE 5 min, 95 °CAEME 30,
58 °CiRk 30s, 72 °CHEfH 5 min, A5k % HEf
BRHEAT 35 AMIEFR; 72 °CHEfH 10 min, §7 4™~
WZ 1%I IR LYK IS 5 pEasy Blunt
RS, FALEZ Y DHSa, H7% PCR %
FEEA S #EA T, 28007 ToiR )5 , B TIANprep
Rapid Mini Plasmid Kit £ 3 /N # 3K 7) &

( TIANGEN) #&liins, HFIR2Lcs .

x1 5¥ER
Table 1 Primers information
EIk7E2 JF51 (5-3")

Primer name Sequence (5'-3")
Fochs-ORF-F ATGAGTCCCCAGGACAAGATC
Fochs-ORF-R TCAAAATAAGTTCAAACTGAAA
dsFochs-F TAATACGACTCACTATAGGGAGA

ACAAGTTCGCCCTGTACACC
dsFochs-R TAATACGACTCACTATAGGGAGA

ATGGACTGGTCGATGAGGAG
Fochs-qPCR-F TCCGTGTTTGCTTTCTTTATGGT

Fochs-qPCR-R GGAGATGAGCACCTCTTGGG

T7 33T TAATACGACTCACTATAGGGAGA, gPCR
PR, E=983%, R*=0.999 5,

T7 promoter: TAATACGACTCACTATAGGGAGA, qPCR
amplification efficiency: E = 98.3%, R*=0.999 5.

fili 1] NCBI blastx #4728 2= ¥ 51 [R] L L
XF, A AE 28 W 3 NCBI batch CD-search
( https://www.ncbi.nlm.nih.gov/Structure/cdd/
wrpsb.cgi ) Tl Fochs 3 H PR SFE5 R {dH]
ExPASy 7F 2k M %4 ( https://web.expasy.org/
protparam ) TN PG AL 8 & Fochs 3£ (A 741 1
TR K . 8B MSEH S . SRA SignalP 5.0
( http://www.cbs.dtu.dk/services/SignalP/ ) Fiiill{5
SRk, fEH GSDS 7E £ W i ( https:/gsds.
cgrpoee.top/ ) Zx il H I H SR B+ . & T2
SR . b T B SEE VAR E CHS HE T
LR, M NCBI Myl ( https:www.Ncbi.
Nlm.nih.gov) FEEHHHE | XUGHH | Z58H | 2
WH. 8#HE s ANELE 17 MR ERILT R
A I F S, FIFH MEGA 6 3%} Neighbor joining
T A R G AR

1.3 Fochs EFE MR IARIXIE S

WCAEDIIEAL B PO AR 1) 1 7 HL 2 i L
HTHE . AR PIAL 24 h Y RE R R4S 100 Sk
K Trizol 42 MU VG /6 &) & 1Y &1 RNA, H
FastKing™ gDNA J5FR#A! ¢cDNA & il &

( TIANGEN )¥:} ¢cDNA #i#iJ5 #64T qRT-PCR.,
W4 IE S, FIHAEL M5 Primer 5 (https:/
www.primerSplus.com/index.html ) %31 Fochs 1)
POLE R RETIY (£ 1), RALRZEE
it PCR ( qRT-PCR ) 437 Fochs 1£ V5 {6 AR
WA AR T35, qRT-PCR /A% 20 pL: Mix
10 uL, B FES 1445 0.5 uL, cDNA #ifiz 1 uL,
K8 uL; FFHR 95 CHIAYE 10 min, 95 °CAF
£ 155, 60 °CiBk 30s, 72 °CHEffi 30's, 40 4>
P63 . LLVE AR &) I 3% T IR M A 3L A

( Succinate dehydrogenase, SDHA ) il p-actin {E
TS HH, R ASRIE R, A58 A
HEAZ S AR R R AR 2, iS4t m
HERA BR324 ( Cifuentes ef al., 2012 ), K%M
2 MO Fochs HIMIRT K . A0
W 4 MEYEELE (BMEYEE AR
FEAA R, B EY¥ERERE 4 MR
B,
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1.4 dsRNA &R K RNAi 5347

YR C AR EEH TS, FIH dsRNA 7E4k
it T E (https://www.flyrnai.org/cgi-bin/RNAi_
find_primers.pl/ ) &% H T7 RNA KRG/ 5
TRHEI TG4 dsFochs, L EGFP {1 Jy %t

(# 1), L PEASY-Fochs Bk A, §34E
SR BRI, ffiH T7 RiboMAX™ Express
RNAi System 5] & ( Promega) & % dsFochs
Y dsEGFP. /K5 51K £ 2 : 10xReaction buffer
2 puL, RiboGuard RNase Inhibitor 2.5 pL, T7 RNA
Polymerase 2 puL, ATP, CTP, GTP Fl UTP 4%
1.8 uL, DTT 2 uL, cDNA 1 pg, Jil RNase free
water £F% 20 uL, fillA 1 uL RNaes-Free DNase,
37 °C4:J& 30 min, JIASFAFUY 5 mol/L K
2%k, VK 15 min, 4 °C 13 000 r/min 15 min.
EBR B, H 70%0) CEEPEARTITE 2 A B
T, A 50-100 uL Nuclease-free water ¥ IJLIE
fi# , H NanoDrop 2000 ( 3¢ [E Thermo Fisher
Scientific A H] ) MEWREESE T - 20 CIRAFEH .

AN 500 ng/ul () dsEGFP F1 dsFochs
535 10% FERS M BC T 200 pL 1 A T4 iR
W, UL Fochs ik it fie i 1) 2 W45 AT T4
ORI E o F B HI A 200 S5 RS T TR
e (Hua et al, 2023) , ¥4 8T Nmoos
— ZHTF iAW A) HESH I E R, RS
FEEF TR gL A 200 pL AN TARIMERR, FHHE
— 5K IR R R e 2R A A R T
LW, WA WAE— 2 E OB, XA
A E 3 YRR (A Y EE A
I SIREAR AR R ) o R 24 48 F1 72 h )5,
W gk HifA . H Trizol 423X RNA, %%k cDNA
BEiMR, dsFochs MALEE, dsEGFP mXtfd, Hi
RT-qPCR KMl Fochs {23k & , A HA AR,
PRI PR I = (R B () Bt T e 22 50 5 % F
A PO AR A SRR AT, SRR IR vk

( Nano-immersion ) #4714 ( Tao et al., 2022 ),
AR 200 Sk R — R PR REG FR L ( AR
3 cm), JABWMH 15 pL dsRNA IREIE R

(1 pg/uL dsFochs 58 dsSEGFP FIE A FL ) 44 K A4
B e, iz ek, 6 hs, B
AL AT EE SR 2 1.5 mL 208

PEAT RNA $EHL, 5E TR
1.5 A#HIRABME

S K A [R1 44 48 Y dsFochs 08K Fochs J&
XTVG S DA K B R, BEHG Rt i B
Fochs FEiR w3 14 2 WA HL L A LA S 5 T
A W R AR R R B U AT T, e E
F14) 35 DRI FE AN ) 08 SO X6 3 K DA R A R B S
3R 200 Sk 2 #E# AP B T RNA
TP e AT 0, EEC 200 SkRTEIRE T
o, BAEL RS 2.4 —50 ALBE 48 h (RikHAL
6 h) FHAAERIRE B E TR (HE
8cm, f 6cm) H, EEfE 24 h WEE—k, WML
£ 120 h, Stk Ba R RmET . 715
DL S R AL, FE AR (Leica M205SA 440
WEE, fEE Leica /AF ) FUEEERITHAIE,
Lh dsEGFP X R, HANAbEEE 3 MEE (
A2 T 2 A AR L BT ),

1.6 HIESH

K HI SPSS 20 A A T8 434, Fochs TE
ANFE B W By AEx ik ik H Tukey’s Z & L
BRI M 22 5 W EYE . R Graphpad 8 A
22, HBYEER T RACE DL A IR A 2R
AR R BET R G RS A (K55, 225
BV KK AR P < 0.05 HAS %3 X
(* P<0.05 #aREREE, **P<001 £RE
SR ).

2 HREHGH

21 BREADILTRESBEEFSIRERE
&

WIEXT Fochs W4 Ky H40IE, 3R15 T PH4E
# y Fochs © K JF5, Fochs JR I AE
( Open reading frame, ORF )£ 4 656 bp ( &[ 1),
ity 1 551 DR, T =M 176.02 kD, i
MZ5EH 5N 7.69, Fochs &4 1 Mk, X
5 1-32 NE IR : MANQNCLDITVKILKVVA
YLVTFIIVLGSGVV, It4h, Fochs BA 1 M#
SPLERIEY . Glyco-tranf-GTA-type superfamily %%
PRl (55 513-834 i BE1R ) (K 2),
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Fochs § ¥
m 4RIEDNAJFY)] Coding DNA sequences —— P F Intron kb

B1 AREDLTRARBERSEEE

Fig.1 Gene structure of chitin synthetase in Frankliniella occidentalis

Fochs -E 30
Muchs q =g 97
Tpchs : < SIS HEE) NTB THD Q G 97
Aschs : MYRKVINTASTASATASPEAATSTPTTPSSNGSGTAMNGIALEGLEKPORNGE PEANNY IGECSHHYCRYANDIDDEEEYLIGHSIG: Gl 136
Emchs aTsEd BOELTE  ANE! RTVe) Vil 35
Lschs : TSDR PHLL N IDDE SSPINCELYGES - -~ JTal S| G 89
Rpchs : MATERPHFI ONSE EDLSD- D GTR.ITHD: TV E: Gl 91

Y LEE v N SHI
LIT{ FEGES ANVRS:
I1)ENGES] AN
! L VEGDE AN

NI 5M_ LOGDEEANH]
2 AV ¥RGES]
ARLYRGEN, NHE]

SE
SR
SR

B2 BEWED Fochs SHMERILT RE HKEEE N SERFF 7 L Xt
Fig.2 The amino acid sequence alignment of Frankliniella occidentalis Fochs with other insect chitin synthase genes
Fo: VifR[L F occidentalis; Mu: %KY Megalurothrips usitatus; Tp: JNE] S Thrips palmi; As: BRI Anopheles
stephensi; Bm: W88 Bombyx mandarina; Ls: JK K\ Laodelphax striatellus; Rp: I&Zk4% Riptortus pedestris.
Fh A e R ZIE IR AL S, RIS 55 ISR T A, HEN M RSP 25 s
The numbers on the right indicate the position of each amino acid residue, the sequence underlined represents
the signal peptide, and the boxed area denotes the conserved domain.
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R HHAERIZEI, Fochs RG] % JLT i
A RUEERE R E AL b 2R 2006 2R HUasiT , i3] 95%
(K 3),

2.2 WHEED cHS ERE R &L

K] RT-qPCR Z3HT Fochs 16 AEH] AN [H]
KB BB mRNA XA, 25 R % M Fochs
FEVIAEET DA KR B IS BS A FRiL, 21
wr Rk s, HUORAT, 1 8 RisE
A, 2 WA UL A LR R U ek A

1R 4.1, 23 M 1545 (K 4),
2.3 Bk Fochs 3B DA RKZ TN

T Fochs FEH 48 1 72 h J5, iR KA
W T, Hrf, T 48 h 5, Fochs JER )3
AR E T T 50.26% (P < 0.05), JUERRUR
sl VRN RS s W e A TR A (& 5: A,
HTH R IR A B 30 RNA T, T 6 h
J&i Fochs 3£ A2 BETIHT 47.12% (P<
0.01), AT TR THEEE (Kl 5: B).

100 P$% 7% Bombyx mandarina
49 FAE Bombyx mori

63
100

® #3848 H Helicoverpa armigera
W EKEE Ostrinia furnacalis

%3 H Lepidoptera

90 JNSR gk Plutella xylostella

100 ® S U&%WE Riptortus pedestris
® KHRK ¥ Geocoris pallidipennis

100

100 E ® BE/NFML Anopheles stephensi
100 o NEIRIL Anopheles funestus

©® EHF MR Drosophila takahashii

X3 H Diptera

TR ¥ Tribolium castaneum

#53 B Coleoptera
100 BB Tribolium madens
95 ® T K&[Lh Megalurothrips usitatus
100 —— @ JR&[ L Thrips palmi 2% H Thysanoptera

* VGAEE| Dy Frankliniella occidentalis
o7 1007 ® R KE\ Laodelphax striatellus
Lo H 1 KE Sogatella furcifera

2439 H Hemiptera

B3 BETFEREBFIINLTRERNBEEREZXEN

Fig.3 A phylogenetic tree based on the amino acid sequence of chitin synthase gene

i} Mega 6 MR EEMR 2 KFI AT 0T, WERGEEFW . R Bootstrap J5 AT,
A3 AT 1000 ERTE, EU{EALSR Bootstrap £ 1H .

Phylogenetic analysis is performed based on the full-length amino acid sequences using MEGA 6,
where a phylogenetic tree is constructed with the bootstrap method (1 000 replicates for each branch),
and the numbers at nodes indicate bootstrap support values.

T3 2 W W Fochs J& , Geit T 48-120 h Y
FET R 510U, 72 h FFURAC P BT R 3% b
T+ (P<0.01), 7F 120 h BRIFET- R 5 ik 65.0%,
WEETXMAR 182%(P<0.01) (K 6: A),
X RRZ LN — E 2 BT, 96 h LIRS,

80.3%, 120 h B} 81.1% A& Hibis, T4k
Fochs J& ) 2 1647 1 96 #1120 h (4L R 5510k
41.7%M 31.2% (K 6: B), BEMTXTEBLA (P <
0.01 ). 7E 2 W I B, WEAS A5 d AT B
BAGE, REKIHE CRXMEHE) H0.672 mm
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.40-
6r
©
3 a
i S 4] L
e b
o
®S
: d . i
ﬁ ——
&
0 L !
N1 N2 PP P A

& & BBt Development stage

B4 JLTRENBERERLESDARRBKNRE
Fig. 4 Relative expression levels of Fochs in different
developmental stages of Frankliniella occidentalis

N1: 1 #7 8 Istinstar; N2: 2 3% H 2nd instar; PP:
Hi%H Propupa; P: Ui Pupa; A: J{H Adult.
KRR NG FREFRORAN R & & B B2 5 3
(P<0.05, Tukey’s Z & KL ).

Different lowercase letters above bars indicate significant

difference in different developmental stages (P < 0.05,
Tukey’s multiple range test).

4% 0.456 mm (8 6: C). THLHIME Fochs
J&, 72 h FFR A BRSO T R 2 (P < 0.05),
TE 120 h BPBET- R E L 72.6%, B R T R4
) 21.2%(P<0.01 )(E 6: D), AbFEZ 120 h 3F)
R 224%, B EMTXRAM 72.8%

(K 6: E)o RIMHZE R A B, MR i 6] &4k
W B A 4, IR KA 0.802 mm ik E
0.596 mm (¥ 6: F), TP A, A3
HEXRATETHRIC 2 5F (P> 0.05)( & 6:
G), PIPbs A, AN R e B, X
HAEKILFRARZm (E6: H).

T4 Fochs FeH 5, MEL 120 ho FHEIEHR
TEABIEI Ty, 2 W U kB S L 7 2 FiT )
HREYZE TR (K7 A), 2EREE
V) B B Al s | MR G NSRRI AL (& 7.
A-P1, P2, P3), 2 ## AUk E BRI 1 BUET
TR RGN . R AERAR L (K 7.
A-P4,P5,P6); HijllTHLIE 47 1 Hij i 8 H 22 il
W, SRR ORI R R, X REAR L, mT
WA B LR Z8 Tim (B 7: B),
LA i R E NS IV NS
RYFEAY (& 7: B-P1, P2, P3), Sk Mk
SR B B R A s . RGN A B AR
LR (|8 7. B-P4, P5, P6); H AR MBS TR
BR, MEEEIER KE 2T B, mwki
BT Fochs 3R G £M I E 2 L (P >
0.05) (K 7. C-P1,P2,P3),

s > SEGFP-61
A [J Treatment-6 h
IS N24h  EE48h @ 72h S sk
T) E kK
= K @
1 .S ] BE1OF
N x 28
'H'% a E o
[ =
g2 5 051
2
| 1 0 1
& S ST
dsRNALRZHZH dsRNAKRZHZH
dsRNA treatment group dsRNA treatment group
B 5 EE Fochs THERTGE

Fig. 5 The screening of interference efficiency in Fochs

A2 AT IERCE s B, HI TR, * P<0.05 KR 257035
P <0.01 FoRZER M E (ISR (K ). K6 [
A. Interference efficiency of 2nd instar; B. Interference efficiency of propupa. * P < 0.05 indicates significant difference;
** P <0.01 indicates highly significant difference (¢-test). The same for Fig. 6.
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A # H Nymph B # 1 Nymph C #i HL Nymph
100 | 4EGFP 100 o 4SEGFP . 121 -
_ 80 F * dsFochs n § 80 L+ dsFochs, s *% A’g 1.0 -
Ler g0l Eg}"ﬂ“
RS ~ & 06
3 40 %8 40t I/;/l\I M2 L
HE i3 g £ 0.4
RZ 20 L <=5 20r g o2l
0 P, G el ! ! 0 L I I I 0 L !
24 48 72 9% 120 48 72 96 120 dsEGFP dsFochs
RNATHE /N4 (h) RNATHEE B/ (h) dsRNAZMERZ]
Hours after RNAi (h) Hours after RNAi dsRNA treatment group
D UFHH Pupa UFHH Pupa F iFHH Pupa
100 ™ o 4sEGFP 100 - dsEGFP A1.2 N ok
_80f -+ dsFochs ok 380 -+ dsFochs % . g 1.0 -
o e ESo08 |
S5 60 Sgeot . E.goo.s Y
'S 40 - ¥ 840t o w200 Q
8 g x £ 5041
ﬁ 2 20 7,,,§~——' Eg E) 20 ‘//—1//}//‘ M 02 F
0 = 1 1 1 0 1 1 1 1 0 1 ]
24 48 72 96 120 48 72 96 120 dsEGFP dsFochs
RNATHE /ML (h) RNATHLE B/ (h) dsRNALbFHZH
Hours after RNAI (h) Hours after RNAI (h) dsRNA treatment group
G 100 S Adult H 14~ JH Adult
Loy T ERE g
€, Ecoel S
| EB0sr
M-S 40 | 8 0.6
“g ﬁ%m-
K= 20t * R o2 L
0 o— : ! 0 I I
24 48 72 96 120 dsEGFP dsFochs
RNATFH /5 RY/NEL (h) dsRNAKLEEA]
Hours after RNAi (h) dsRNA treatment group

E 6 dsFochs &AM FHEE D AR AL B EERKRIET RN
Fig. 6 Effects of dsFochs on growth and mortality rate in different developmental
stages of Frankliniella occidentalis
A #HFETR B A HUEIA; C A HUARK; D. BRISET 4, E. BB
F. WA GoOCRsET % H. ik,
A. Nymph mortality; B. Nymph pupation rate; C. Nymph body length; D. Pupa mortality;
E. Pupa eclosion rate; F. Pupa body length; G. Adult mortality; H. Adult body length.

B L A 9 B SRS ARBOR, TRATRE R, N

3 HFHit5itit W H RIS ¥ Tribolium castaneum . XGEH H

JUT R R R By, A S5
fp it PR E T R BB B2 AT o DA 52 e A K
KB JLTIRNA BRI T I seiieg, 25T
JUT B i, JUT B sl g JLT i il
PRGN Z —, BAA 12 FJLT G K
fiff ( Merzendorfer, 2006 ), #%, A 2 FJLT &

B X 6V 42 B0 Anopheles gambiae | 8558 H B9 & i,
AW Spodoptera frugiperda . #FSUR Ik
Spodoptera litura FIE# B AR KL Locusta
migratoria( Tian et al., 2009; Muthukrishnan et al.,
2012; Shi et al., 2016; Shao et al., 2020 ) 5 , CHS!
FE A R M U R ORI R IR, il CHS?2
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A # FochsH:FIRNA T4 120 h 120 h after RNAi of Fochs in nymph

A B
Nymph-nymph
A BRI
Nymph-propupa
X B& Control AbFE Tretment
B RilfiFochsFARNAT3J5 120 h 120 h after RNAi of Fochs in propupa
T4 - U
Propupa-pupa
U5 R,
Propupa-adult
X #& Control Ab¥E Tretment
C R Fochs#:PFARNAF /5120 h 120 h after RNAi of Fochs in adult
R H - B
Adult-adult

%} 8 Control KbFH Tretment

E 7 dsFochs SbEX LRI REMHM (L. WE; &: FTHALE)
Fig. 7 Effect of dsFochs on the phenotype of Frankliniella occidentalis (Light: Control; Right: Interference treatment)
A2 IR HURNALJE R B RA (P1, P2, P3: 2 I B R AL, P4, PS5, P6: 2 47 HUKH RTG53 £ AL );
B. HiMf RNAQ J5 & B #A (P1, P2, P3: AIMAH RUHM R4 £A; P4, PS, P6: WHIHA & A = £ A );
C. PIPMEM RNA SR E XM (P1, P2, P3: U FHLE RAICEE W ).
A. Developmental phenotypes after RNAi of 2nd instar(P1, P2, P3: Abnormal phenotypes of 2nd instar; P4, P5, P6:
Abnormal phenotype from 2nd instar to propupa) ; B. Developmental phenotypes after RNAi of pro-pupa (P1, P2, P3:

Abnormal phenotype from pro-pupa to pupa; P4, P5, P6: Abnormal phenotype from pro-pupa to adult) ; C. Developmental
phenotypes after RNAi of emerging adult (P1, P2, P3: The phenotype of adult was not affected after interference).
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SR EZAE P B R, XWRILT E
B TR B I K B BT b R EE A
[FHVER ( Wang ef al., 2012), HEMJLT B
il 5 5 R ARG SR (AN iy . &L
KB ) MK, B H iR H 4R R IREECR,
TERW RAT, CHSI N FEE AT AN #
LT, BlUNEE Bombyx mori i 18 54
FIKW) CHSI-2b BT 178k 7 U fg f
3 (Xu et al., 2017 ); FE AR KB e
FgRe, AR LT BXEE, 1T R
KRB ENT CHS2 LR, hinkisng CHS2
FEHAZRME G, SFECP AR, Bl
PR, RHiRE TR, ERRIURmET
( Khajuria et al., 2010; Liu et al., 2012 ), #45-E
WEA 1 FILT B O, s Gl 5o wr
Acyrthosiphon pisum . KGWF Aphis glycines %5
WHEMS (Tian er al., 2009) . # KElf, JiEk
5 WA U NICHST S 30 RGN IH /1 B2 78
PUERIZET:, Hy=4 “4if” | fRZERa%R
A ( Wang et al., 2012 ) 5 Bi G EFHIIER ApisCHS
XTHF U AR BB AT TRIVE R, S8 et
SRBEN . Wd R BERS LA SR A HRTE (Ye et al.,
2019) o BT PG E&] S S ) 1 AJLT B
A o HA 1 A ILT A R 3 R A R A X
PRI, T I i B AT %, il BE R A & 4% CHS1
Al CHS2 f3IE
HERZEE B, JUT B A s N 741
BB 3Rk, HRB/KF- o T H R VE
ATBEAIE] . WITE T REL Sogota furcifera ',
SFCHSI SR FEA L 4 #4015 8 AMSE 1 KRS
S, BEEDPRE TR, R AR IR R T
BREILT S 5RLIEN, Z25ILT G KR
CHSI R FIEE ST, e
Bt Ja 1d, BVE iz FFaRRT, CHS &35 85k ( B
HAE, 2018 ). TEARIUA HEH TeCHST TEMH D%
ik, M TeCHS2 TEH) S R TA /K-
HTH TeCHSI 3EHFA R TeCHS2 WFRik, i
Bl TcCHSI I TeCHS2 1K R B s ik
HW A BN 52 ma 4l S7 47 D) fig ( Arakane
etal., 2005 ), A5 KL, Fochs FEPHTEVPG A&

DAEREBE SN B R, o 2 %35
MR R, BIEIRZ, OB P B BRI
B AR | W Rz PR AR B B, WL T IR
AWM. Fochs LR U A IR AL, ULEH
BCHEIAVEIE#] DR F TR, CAHREKE
JUT Bifikas . g5 6 HA R P LT B & st A7
7B I i B 1) SRk 4 Sk, KAIE T CHST ik
Xof B HUIE R B B B B RE )

Xf B H A O ST CHST 4T RNA
T, PR B R A, AR
w AL T- ( Arakane et al, 2005; Qu and Yang,
2012), GNFEARIUAT e, FESIR . ARl
o TeCHS! ¥)FEOAR TR L LB T —Hr
B, 4 TS A7 AE B AT AMIN 43 S AR A
(AR, T TeCHS2 )Xol i 11 sk H 1) &
B S51E1G %A W ( Arakane et al., 2005 ), CHSI
HEHA T HER RN LR, B EH, TR
NICHS!1 T3 5 W77 kv 28 S s, il
D N g i U W ) s S L
HIZET( Wang er al., 2012 ); F &2k CHSI-2b
T R & B I RERERS (Xu et al., 2017 ), A5
SRR PR AT DI RERAIE , I VTR Fochs
FEPR G 6 PUAE 8] T A KR B RSN R S
B2 2 s ORI I I8 I ET T RNA T3,
455K, H dsFochs WMRETH/, 2 #4570
TR AL P ZH B0 T3 ) 4R, T Al %
REAR, Jo P 2 A ) P Ab i e b 2
ST R R E 2R, KA KL,
LRI Fochs JEWi R KRB E T —iRWIH
TR LT SR B WA AR/, WY AR,
TR, oA S fe BB, X
R LF-BAG R o X — &5 SR U0 WA 7 P4 A6 0] 2
H, ULEBRLT A B R &k BRI, £
BLIE L g R B AR R R E

AWEFEHR T PEAERT D Fochs J:H B T3]
FRAE S HAE VG AL 8] T A K & B o A o i SRk i
=, FFAIH RNAL AR GG UF i HE PR ) P AE i) 2 2
KEB MR, JUT A L R 2 ik KF T R
SEOLT B Az B 5 | & BUREE EE 20T,
PEACHT S R 1 FJLT A e |, 1% 3k
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FIRIK T BRI 2 3 U 8 25 WA A B S
o Fochs Je 5 W VU AL Ty 58 Bk B OCHEIE I
BT HET RNAI P AL BT B2 (B P f It 1
TEAERYHE A
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