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KRS R dsRNA 6975 2 MR Z AR ELAE T R R AKX F IR F K E N H 0, 5t
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# % A Ldian ( GenBank & % 5. KY221866), L R W A AR 59 5 ¥ A A s &k
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FWAEEE  F LA — TP, ik RNAI R AR TIREYRESRFIETERMELA,
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Abstract: [ Aim] This study aims to clarify the function of N-B-alanyl-dopamine (NBAD) hydrolase
gene important in melanin biosythesis in the Colorado potato beetle, Leptinotarsa decemlineata by RNA
interference. [ Methods] The NBAD hydrolase gene in L. decemlineata was characterized by data mining
based on its transcriptome, its cDNA was cloned by RT-PCR, and the gene completeness and phylogeny
were determined by multiple alignment and phylogenetic analysis, respectively. The expression levels of
NBAD hydrolase gene in different developmental stages, tissues of the 4th instar larvae and male gonad
and ovary of adults of L. decemlineata were detected by qPCR. The color change during larval growth was
observed after RNAi, and the mechanism how the expression of NBAD hydrolase gene was influenced by
juvenile hormone (JH) and molting hormone (MH) was assayed . [ Results] An NBAD hydroxylase gene
was cloned from L. decemlineata and named Ldtan ( GenBank accession no. : KY221866). Its encoded
protein shows the highest amino acid sequence identity with the homologous proteins from Tribolium
castaneum and Dendroctonus ponderosae and clustered into the same clade with them. The spatial
expression profiles showed that Ldtan were highly expressed in ventral nerve cord, hindgut and cuticle of
L. decemlineata, with the relative expression levels of 99.36 £0.95, 17.79 £3.11 and 9.21 £0. 12,
respectively, while the temporal expression profiles showed that its expression level increased along with
larval growth and reached the peak at the adult stage. Knockdown of Ldtan gene by feeding dslLdtan to
the 2nd instar larvae not only led to tanned color, but also a degree of lethal effect. Knocking down the
expression of JH synthesis and signal-related genes by RNAi downregulated the expression of Ldtan, while
knocking down the expression of MH synthesis and signal-related genes by RNAi upregulated the
expression of Ldtan. [ Conclusion] The results suggest that Ldtan is involved in melanin synthesis in L.
decemlineata, and JH and MH probably regulate its expression.

Key words: Leptinotarsa decemlineata; RNA interference; NBAD hydrolase ; juvenile hormone ; molting

hormone

S i R R 2 B R A RS AR AR
H 2 55T B A A i 3R B B A € ] R B Ak B Ak
() —ZR N A B A A RN (VL2 B AL, 2007)
fER IR L BOR AR FEET 2 21
& N-Z, k22 B 1% ( N-acetyl-dopamine, NADA ) 1 V-
B-TN k£ [ % ( N-B-alanyl-dopamine, NBAD ) &5 {11, 2%
HAA) BT, 38 2o 193 A AL T T BUAH 7 A T, iE— 20
Ferp i A B EUL T BUB SO B LR R
BRI EE R B B e SR BRI K
S AR ORME AR, 2007) o HATTE D443 H
(1) RNA 40 (RNAL) #F58 b i k= Sy T W82 1) %) B
ARFR T, 3 R S B ) RNAG #8478 2 75 A 4
WO — € TR ME B M Ab, S AT TR R A S
Tribolium castanewm " EF 57 F B 5 H o B4 FK
AR AL D RE RIS H 00 H S H 23 H
Fit A KA 2Z 5 (Tto et al., 2010; Buttstedt et
al., 2014 ; F1#4%, 2015; TLI#), 2015; Spaethe et
al., 2016) , TEEAGRME Drosophila melanogaster 1,
BAAFRAG HURTR B D) REAE B A b S W, an
NBAD 4 % B £ K (ebony ) 5% DCE ( dopachrome

conversion enzyme family ) %t K] ( yellow ) B 3L [F Gt 52
i 28 T EL A B S A mT o 2 SR R L E Ml T ) R
2H s PR 4 Bombyx mori RIFFEH, i 24 IR 2 14 il ik
KL (TH) 1955 — N & 7 — 38 0 7 oo 48 2L
KA RETR T B A B 5K 4% (Noh et al., 2015) 5 7F
AR 5, X DCE 521 ik IR Y B RE AF 9% & B
yellow-e FELRAF HUAR K 438 3 AR T, T AR 0048
TR yellow-y HIZFRIRFEARIF AT 40 2R R g v 4 (5
A HE AR5 (Noh er al., 2015)
HEAh, H RIS 0 R B AR AR TH FE B
R MH A E2 5 R AR G MURR R 45, e
FEU Papilio xuthus 77, 20E 7] DL AE oF 75 & 5t
yellow-y 1) &35 AT A2 #E H AR 8,725 ¥ ( Futahashi et
al., 2007) , M TEFE [E /N Blattella germanica FIWFSY
H, JH 2 A8 2 AR 8, Jn 8 1 5% 5 (K - ( Das and
Gupta, 1977) . K10 H ATTERS @ H 45 HAB R d bk
R RARG B HGET HED
LA B W Leptinotarsa decemlineata ( Colorado
potato beetle ), J& % ¥ H ( Coleoptera ) M Hl F}
( Chrysomelidae ) 171 )& H V. £} ( Criocerinae ) , &t A
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PRI b HLESCK PR 3 L 2 R 0 A E R
g xF 5 FE S Ah ok AR W) R 2 — (5K S0,
2013) , HEA K EE BRI B 28 e
RS oA bR T B ] R ZL AR
A R AR T SR T 5 12 A AR A TR D e 4 b 4 2 1
F 5 A FERT AT D48 2 P g B8 B, IR
WP Escherichia coli JR.4% 3215 1Y) dsRNA HE faj 5 .
A % e IR D 4% B TP B AR Ak A A 8 (Wan et
al., 2014 Liu et al., 2014; Wan et al., 2015; Shi et
al., 2016; Fu et al., 2016) , P77 I (9 5 AF 52 5
BB HU AR R G AR DG B IR B D e AR At T A A
AT 5 B I 20 Uk S 4% B T g NBAD 7K fige i £&
IR qPCR B 2 5L R g ) 25 3R RRAIE , 43 B
FIFH RNA T4 H AR OB L PR X By 4% 28 A (o,
FEOUERYSE I | Rtk — 2D R 9% B R 1) D e A R A
W, fEn DR HUR A R G MR AR L 1 43
T RESR LRI AR

1 #RETE

1.1 #itEHR

LR T 2016 4 5 J] R A B AL R
B TIREHA I KRR B F W O, A 5
HEE 25 £ 1°C B JE ] 16L: 8D, M XHE E 75% =+
5% . H R ATE R R TR R B R 2 BT
GUAE IR T
1.2 FZEi{H

L RNA #2BUR 7 TRIzol Iy F Invitrogen 23 #] ,
F1W)E 2 6 FE 5t 4 W7 i, SuperSeript Tz 5% 5%
fit Oligo (dT)18 Ffifll 5|4 . Taq DNA 55 il . ANTP
mixture (2.5 mmol/L F1 10 mmol/L) ., RNase fiJl
7| .DNA Marker Il H TaKaRa 7\ @], pGEM-T easy
vector i | Promega /N &), DNA % i BIWGE T &R
AXYGEN F Promega /5] 7= i s pEASY-T3 2K &7
AU A bt 4 A vl s EcoR T AT T4 % 42 il
W4 F Fermantas ; AW o [ 7 AR G 07
LN U (yeast extract ) FHEEE (14 (tryptone )
H Oxiod 23 F) 7 i o
1.3 D4 ZHH NBAD /kiREEE E 5tk

LR B HT Hy NBAD K fige il & R A1 F NCBI 3R
()28 1 R B NBAD JK fif Bl 35 [ 1 24 2% 12 )7 9
( GenBank % 5% 5. AHN59513), i i+ NCBI %
thlastn 7% Hb48 2L 44 5 HY Ha 2 S 21 R PR 4 25l 3R
o, e S g RO R A ) DR AP 2 B 2 1 3 2

B e LR ZH i https: // www. hgsc. bem. edu/
arthropods/ colorado-potato-beetle-genome-project | 25,
At KA e fH = Y75, FH] Primer Premier
5.0 %%t End to End 51950k 7 51 i 58 86, F{iF
BI¥: 5'-TGTCTGAAGGTATCGGTC-3'; F i 8] ¥
5'-TAATAAAGTAACGGTGCT-3',

PCR JZ Ji K % (25 pL): cDNA BEAR 1 L.,
dNTP 1 pL, 10 x Mg** Buffer 2.5 pL, b FiEg4)
#% 1 pL, HARH] ddH,0 £p5%, PCR S &4 94°C
60 s; 94°C 30 s, 52°C 30 5,72°C 2 min, F¥ 40 ¥%;
72°C 10 ming Sz 58 J5 A i o Bl R R
VKA, H A 2 U0 I I, T g A A B 42 32 2 )
M
1.4 E£YERFESH

1 1.3 53459 NBAD 7K fif il 3 X R R e 41
i1t NCBI BlastX ##48 \ #k % IF T 2035 Z i NBAD
74, F A ClustalX v2. 0 47850 LX), #E GeneDoc
HAb PRI I AR K] . 283 Clustal X2. 0 HEXT3R
1FE5F 1 MEGA v6. 06 kT R 4007, 145
B g < He vk, B AR R g YA AN BB, 1 R AL
1 000 Y%,

1.5 D$ZEHH NBAD kfEEERELX T IES
BB 2= R iK

qPCR 54H ] GenScript £E4& M 3l i1, 2 %4
WEFEHRIN, H AL gPCR 519 EE51 9. 5'-
AATTCTTCGCGCTCAGGGAA-3'; T iiF 51 9. 5'-CT
TTCCGCAAGGTTTGTCCG-3', N KN N ARFA Fi
RP18, 21 Shi (2016) &it5|¥),ARFA L3514
5'-GGACCTATCTTCAGCTATGCGT-3"; g5 |4 5'-
CAATCCCTCGTGAAGGCCA-3', RPI8 I i 5| ¥y
5'-ACTTCGTGTCACTGAAACTGC-3'; N5 ¥y: 5'-
TATCCGCACGACTTCCTGC-3",

A HUR A & A, AR O0 .1 -4 124
Hu A FE AR R, 4 R4 O TR B AR R b
1 JE W S IR R R AR AN L
DL Km0 BRSLRTOKS B4 21K ] Trizol 2 B
(Invitrogen ) & RNA, & —H M5 3 ~ 10 14
A AR 3 W EYEERE ., R
Superscript 11 Jz % 5% fifi ( TaKaRa) & it c¢DNA,
qPCR JZ Ji & % 520 wL: RNA ffi ] 1 pg, qPCR
Mix Buffer 10 pL, qPCR F FiE51 ¥4 0. 8 ul,
ROX Reference Dye I 0.4 plL, F4y ddH,0 #}5%,
qPCR 1y | i L 38 2 % ABI 7300 BRI\ 2 N #8 )7 :
95°C 30 s; 95°C 5 s, 60°C 31 s, 340 MFEFE,
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1.6 D= HH NBAD kB E F 1hAE#9 RNAI
S

1.6.1 dsRNA A% 3R 1K R Ge i Ah 2 . A S0 TR
¥ 5 Escherichia coli HT115 ( DE3) RNase I 2%
i F AR B A R E I 1Y) pET-2p dsRNA R iA %%
R, B S I, Fu 5 (2014) , T T A 4
tan, HR3 [ Wiz i 32 &3 N 3 (hormone receptor 3
gene) , ZHWI M ERGETH T ], ER [BRHMER
ZARELH (ecdysone receptor gene) , 5 5 4 i Hplif Hz
MR GIE S5 ], AS-c[ WM AFR IEBGR o
FEL A (allatostatin-c gene) , 2 5T RANEE S K],
JHAMT[ 341 & B 5L 5532 5L 7] (juvenile hormone
acid methyl transferase gene), Z 5441 E 1 &
B, phm (306al ) Fl shd ({52 314al A
Cyp31dal 3E[H, 2 15 202804 4 H0) () dsRNA
i) cDNA AR IEC. G 1B (Guo et al., 2015; Shi
et al., 2016) ,egfp YRR, PCR FLREFAS, 5149 W3R
Lo DL L3 i vhgfds i 4 M AR IR A B cDNA
1.0 L, Z M TaKaRa /A7) 1Taq f W AR R DL 25 pl
J N A 2 AT B, PCRO B 254 94°C 3 min;

94°C 30 5,52°C 30 s,72°C 1 min, fE3F 35 ¥ ;72C
10 min, SR 3RAG 0 R B A 444 7] pEasy-T3
A, B 2P IBORAS 9 B 1 v ik e et < B i 0
I ARAS A 45 53 3 GeneDoc H X 81 4 TE i 1
BUERY R Bl o R R R 3R 0T R B A By
Transit-T1 2K, 1t EcoR 1 BFY) = LA M A S , B
o B 2ok B i B O S L ik 0 5 i T ek R T i 4
b, I T4 E8: % AT BT EcoR T 77 AR PR
vt pET-2p 8 AK, 3% 3 58 WY 214 e A HT115
(DE3) i 7e & A R IR% &R (50 wg/mL) HIPUEH
F(12.5 wg/mL) (1 [ 4435 77 B 07 8 BH R o b . 4R
e P I P o R 3 e ) A S PN B A AR LR
(isopropyl B-D-thiogalactoside, IPTG) 5 T & W%
dsRNA BGEZE R . B KBRS IR B ARRR T
FAFCEZR, 2010)  ZEEWE Y KIHEFRE 0Dy, =
1.0 FEANA IPTG ZZRBED 0. 1 mmol/L, % 31K
dsRNA 6 h BRI 3RAFE 2 FRIK LY 1 0. 05 g/
pL 1 dsRNA(Fu et al., 2014) , DL FFr AR &1
i R B bR AR P 2R o

F1 FATHE dsRNA FZRIEZHEKSY
Table 1 Primers used for dsSRNA synthesis
Elk7 Biis1# (5" -3") TS5 -3")
Primers Forward primer Reverse primer
dstan CGGGATGTAGGATGTGGA TGTTGGTACGGTCGCTGA
dsshd CTCTTCCTCGGTTATTCTTGCC ATGCAAACCAGTTCAGGCC
dsEcR GATCTATCCCCTCCCAGCAG TCGTTCCGTTTGACAGCG
dsphm TATGGGCTCAGTCTGGGAAAT CCCCAAACTGTGCCGAAG
dsHR3 GTGGAATAATGTAACGACCAAG GAAGACGGCAGTACTGGC
dsAS-c GGCATCTGGGAGAAAATAG GAAGTAGCAGGCTCTGAATCT
dsJHAMT ACATCGCCCCATTCCACG TCCTACAGTTTCTGGTTTGGTG
dsegfp AAGTTCAGCGTGTCCG CTTGCCGTAGTTCCAC

1.6.2 RNAi: ¥ E M/ pET2p-tan, pET-2p-
egfp, pET-2p-HR3, pET-2p-EcR, pET-2p-AS-c, pET-
2p-JHAMT, pET-2p-shd Fll pET-2p-phm K ¥ H %
IREAR AEE A 100 pg/mL RIBEE R 19 LB A5,
FEP LA 12 100 (9 el 4™ R EE 3%, T 37°C
220 r/min &M FE% 3% 3.5 h, Bl 0D, =1.0 i,
2 1:1.000 L f51] (v/v) B3 2 22 BC 4 19 TPTG BE: W
(BRI 0. 0238 g/mL) , LYK H 0. 1 mmol/
L, e iR 4 ~5 h, LIt R A dsRNA
PR B A 301 2 W4, o3 5B e
afiyK 53Rk dsegfp TR R 25 D6 REOFI PR XT IR, 4
ANKEER 40 Sk, o 10 Sk T loRe b P 3 2 AR
Yrre s, BT AL HZy 1 080 kA dt, Ky B Bt
F T AR BT 6 TR, R SRS S8 Y T RO

ddH, 0 Fi#e 10 SR T B EH R PR R
PN EH M, A 24 h B R — A B A A
THE 3 d JE L o R MR R AL
e SRR T R B A2 A S R b 4
B HER 2 HIERIE N 5 ~ 12 em (9 A TALE 37 1
W S HR A I FE T3 A 58 R il PR
1.7 ZitsHh

T B s 4 25 Hh S (E = bR e R, R {00 i
Adobe Photoshop CS5 #Y ¥4 {078 D1 fiE 3815 RGB {H,
qPCR BRI 222 it M s B, A &
MrBe fIZH 23R A 4 iF ANOVA 1) Tukey-Kramer
ST TG, B K Fik P <0.05;RGB {4 .
FETE % AR AP RNA T4 gPCR £l A1 H
Stutent’ s ¢ ¥346, B E K% P <0.05 i1 P <0.01,
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2.1 LSH%ERH NBAD KEERNZ F 5 Xt & i
Lo

R B % 25 TR e 2 S 2R B0 0 i 3 B AR (A
REER R B, Bt e R e s | 1 s eI 345 T 5
AP @ otan 3E N 4 K cDNA, 47 % N Ldian
( GenBank %55 . KY221866) ,0RF f% 1 399 bp,
it 438 A FEME . 1843 NCBI 7£ 2k BLAST ¥
Ldran PR IR T 9 AT AR LI R XTS5

[F] B I tan JP 81 4 B — 0 1 22 7 (AT A G B
tan A CBETEE A 6-20 35T 55 bE R s 1V Bt 4%
R B 45 F B NBAD /K i il R R 1E . R NJ &
SR BRI R, DR S H A R
B0 AL #S K /N8 Dendroctonus ponderosae 3 % 5
R, H AR — 35 W H (1 2 & Bombyx mori Hl
FMF R Papilio polytes % — 3, H e — 2% N
100% ; X038 H W) 3045 FE L Culex quinquefasciatus F1l
FI UL Aedes albopictus B A [F]— ik 3 3 1, H.
HRE—HUE R 100% ; HAb & H B 34 B R l/hE
HECE1: B) KB Ldian JEATE AL FE b BAA 4L
SRS

it B HUA LR P81 LU Je (BT 1 A) BB, A A

A tdtan - TSCKARNEE] GR ) 83
Tc_tan — I IYPRGTHYEVGFDVGRYFI EQSTS] Bl gan 83
Dp_tan R Y| Y R IRVAE., 4 X 83
Dm_tan M { i NE T} v > 83
Bm_tan q R 89
Ld tan GEI¥ADG] PFHRLFLLEMDDT I HSACledy A NIREO) 172
Tc:tan ( H¥LFLLEMDNI I8 ‘R—QEDGLE— 171
Dp_tan (e HIAL.FLLHMDDT LNE—GQKQRAFQPT i F A I 171
Dm_tan & H PQ*LKHQPRSENO‘PT y R TE d ] 173
Bm_tan C [543 Y QIR Oy il - GT INDNHVPENDTG J ) LN MSA JER 178
Ld tan 262
Tc_tan 261
Dp_tan 261
Dm_tan 262
Bm_tan 268
Ld_tan ~EKTSja8I0) ILTTG INT! \KEE CIRWATIIK SPRSIFONK i 349
Tc_tan GiT-ETE ol LAS) YL S| EJSWA VIIKKMDKIFKCE 1E] 346
Dp_ tan GJgAVGNASSID| BIS CEYJRITS :EE CTI3SKMKTI TNEEIRK] 349
Dm_tan SPDRK: Hi KEVPLESHNY| 0 RO (OTIG. PlFMSEQYRH| 352
Bm:tan IDL-KGDRELIFHNYOKYDQ-DTL! T NEI IKATHAHAAFKTR( E) 354
Ld_tan
Tc_tan
Dp:tan
Dm_tan
Bm_tan

Am_Fctsh
0.2

B B an B MEBERTIE (A) MRSELF (B)
Fig. 1 Multiple alignment of amino acid sequence ( A) and the phylogeny (B) of tan proteins in insects

B tan 85 AR IAY A K GenBank % 5% 5 Origin species of tan proteins and their GenBank accession numbers: Ld_tan; D42 H fi Leptinotarsa
decemlineata (KY221866) ; Dm_tan: M5 Ui Drosophila melanogaster (ADH82102.1) ; Bm_tan: &% Bombyx mori (NP_001170882.1) ; Pp_tan:
EHF R Papilio polytes (XP_013133546. 1) ; Dp_tan: [LI#A K /NG Dendroctonus ponderosae ( XP_019761881.1); Tc_tan: #R{ULA ¥ Tribolium
castaneum (XP_971848.1) ; Am_Fetsh: P75 %8 Apis mellifera (XP_006568689. 1) ; Bt_tan: i AEIE Bombus terrestris (XP_003396281.1). Ac_
tan; & J7 % W Apis cerana ( XP_016912338 ) ; Md _tan: il V4 ¥ ¢ Microplitis demolitor; Cq_tan; (% JE B Culex quinquefasciatus ( XP _
001848733 ) ; Aa_tan: [140 UL Aedes albopictus ( XP_001655262 ) ; Ph_tan: {K &\ Pediculus humanus ( XP_002430807 ); Ap_tan: i & If
Acyrthosiphon pisum (XP_008180780). JKEAHER R L BEAAG A :6-ZH T e BR e o B4 2 R 25 M, B K8 L 11 G158 43 3 3R AL IR T
Iy —Edk 100% , 80% H180% LA o ] Maga6. 06 X 2 4t & B AR 2 K JF 5 HEAT 434 , A 2 Bootstrap J7 14347, 4143 SCiEAT1 0003k
WU AR ORI IZHEES . Grey box shows acyl-coenzyme A :6-aminopenicillanic acid acyl-transferase domain. Black, gray, and white shadows indicate
that the amino acid sequence identities are 100% , 80% , and below 80% , respectively. Maga6. 06 was used to analyze the amino acid sequence of
phylogenetic tree. Numbers on each node are bootstrap values of 1 000 replicates, and the scale bar indicates the genetic distance.
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2.2 DREMHZEIEF Ldan HRZRIE
il qPCR 73 M1 A B, 75 S 88 B AUR R A &
B B FIABENR W, Ldtan 1250 (K6 R J& 7R 76 18
) 1 Al U R AR AR, B S TR 3 WA 4
e 4 R SR TR A R T T R 30D RS R A B 2
IR R, R Ldian W) RIKFES) A HE R K H B
Wi, J5 SUAE 4 W R SUIR T e, 7 A A ) 2
R (2 A) o (ESFE T M4 R4 BN

A
140

— 120 f
<
Z 100

itz 80 .

X% 60 -

1 20

15

AT
Relative expression 1

Developmental stage

& 2

AL MRIME R, Ldian LIKNEAERINER 5
W B IA A B, 43 9936 £0.95,
17.79 £3.11, 9.21 =0. 12, fERTHIAE . Pl DR
IR DR ER R U A AR L A SR Rk h
1,403 4. 88 +1.06, 5.23 +0.41, 5.23 +0.21,
2.22+1.03,3.02+0.86, 3.60 £0.09, 1.89 +0.51,
0.67 +0.20 FI 1.00 +0. 17, #fi ik A 5l i v 34 5 3¢
i, BAEME R rp R R X R (P 2 B)

B
— 110
) f
£ 100 i
i £ 90 R
# £ 20 r
i I
™S5
= < ]
ZE e 10 2
E 5 & } & © l)
= b b D
a1

%Q,\ QQ QQ) \2& QQ‘ @0 \zVQ @ (’QQQQ) Q00 04

ZH4t
Tissue

Ldtan {& 588 B RO T B Be (A) Rl 4 2y HUAS [RIZH 28 B UG SRR 82 (B) BOAH X ik i

Fig. 2 Relative expression levels of Ldian in different developmental stages (A) , tissues of

the 4th instar larvae and male gonad and ovary of adults (B) of Leptinotarsa decemlineata
11-31; 4350 1 -3 B4 H st - 31rd instar larva, respectively; 41d0, 41d1, 41d2, 41d3, 41d4. 43518 0 -4 d B 4 #4841 Day-0 — 4 4th instar
larva, respectively; PP. Fillifif]] Prepupal stage; P: Wfi}}] Pupal stage; A: i H1] Adult stage. BR: fii Brain; PG BijffgJJ Prothoracic glands; FB: Jl§
J}j4& Fat body; HC: IfiliikE% Haemolymph; FG. Hiji# Foregut; MG: il Midgut; HG: J5 % Hindgut; MT: I [G 4 Malpighian tubules; Cu: 3 JZ
Cuticle; VNC: Il #1£:2 Ventral nerve cord; MGO . % # Male gonad; OV: GREL Ovary. & Hhi: KR FHEME + FrifiiR, it ANOVA /i) Tukey-
Kramer 5341, 4 _E AR /R R FE0. 05 JKF 2255 3%, The bars represent mean = SE. Different letters above bars indicate significant difference at

the 0. 05 level by ANOVA’ s Tukey-Kramer analysis.

2.3 dstan 35 ER R4 R

MR SR 2 By R R RIAR
310 bpKFERY dstan, fig B 3 FE AR AR 5L ) 38 i
(P<0.01) (3. D), MH#ZS X HRZ RN dsegfp
AbFRZE (BIMEXT R IRE 4 dstan B8 35 FE R 4)
W Ldtan (363K 1 . LA, dstan A0SERRTE %)) WA 2
MNRE R B E AEAEE R (K 3. A) BT
HEZHL AN dsegfp Ak 32 53 5 FEAIK 25. 0% F1 28. 1%
(P<0.05) 1M ANAE 5% AL (&1 3: B) FlI
HCHCPE A (K 3: C) (P >0.05), i) 525 [Hxt
WAL AN dsegfp ALFRLH /AT IR B 25 57, dstan AL PR 7E
2 A HUE R 4 W A AT 4l AR 8 2 R AR AR
B 4: CAHE AR B B E6@ ), @i
Photoshop 45 (.25 D1 iE &L RGB i) R (HHAT i
FM2ER(P<0.05) (Kl 4: D),
2.4 THEROHEEMBEHZERMESESE
E 3¢ Ldtan FiXHIF 00

AFFE L3 i RNAL 53551 B AR S 42 2 H ol

PRAIEE A FE R LdJHAMT ARS8 2 i 1R R 3
LdAS-c W58 K2 02 6 W AH G PASO JE K Ldphm il
Ldshd 35 J7 3% 2% 32 AR FEH LdEcR FLAE 5% S 3L
LdHR3 J5 (E5: A, P <0.05) K 1 X Sk K]
XF Ldtan 33K () 5% W) o 45 2R J 9038 & RNA T4k
Ldphm 1 Ldshd i [ W56 Kz 384 25 7% & ( Kong et al.,
2014 ) SRR R 2R (5 5 2 AR FL X LdEcR /) 33k
Y280 Ldtan W33k (& 5: B, dsphm: 2.523 =
0.153, P<0.01; dsshd: 16.001 =1.407, P <0.01;
dsEcR: 2.317 £0.062, P <0.01) , 3 3 [5{% LdHR3
(1) 2% 35 DA T 84 M Bz 380 2 00 R i 2= A1 Ldean 1)
ik (dsHR3; 0.592 +0. 052, P <0.05) ;3 1 [
JHAMT (%335 AT o 1 R 400 080 3R 00 B 4 Wb 35 B A1
Ldtan 1 3 iK (dsJHAMT: 0. 193 = 0. 013, P <
0.01) , FEARLR 2l R i 1k PR L LdAS-¢ (33K
PN 5 DR &0 8 22 0 B 2 0 35 19 0 Ldean (1) 3R 3K
(92.927 +8.252, P <0.01), Dk F&5 5% Ldtan 7]
HESZ W R PR B A7 1) 4R DR G IBER  TE [] 42
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P13 RNA T4 tan X AL B BTG (A) B (B) R PR (C) K Ldtan XS RIKIKF-(D) HI5E0
Fig. 3 Effects of RNAi of tan on larval survival rate (A), pupation rate (B), adult eclosion rate (C) and
relative expression level of Ldtan (D) in Leptinotarsa decemlineata
2 BRI ddH, O, dsegfp Fl dstan, 73 5INE R 28 FIN HRZE (FIPERS BRALFIALBHAE . 4 Student” s ¢ K55 5047, SRR SRR 5430 R TE
0.05 110.01 /K- 2257 B3 . The 2nd instar larvae were fed with ddH, O, dsegfp and dstan, and used as the blank control group, negative control group
and treatment group, respectively. Single asterisk and double asterisk indicate significant difference at the 0.05 and 0.01 level, respectively, by Student’ s

t test.

e
RGB{H
RGB value

P14 RNA T4 tan J5 B85 du gl dufk @ 1 e
Fig. 4 Body color change of Leptinotarsa decemlineata larvae after RNAI of tan
J1 ddH,0(A) , dsegfp (B) Hl dstan (C) 73-5I4RI0E 2 ¢4 1, F 1] Photoshop f945 (485 ) BEAAS AR (1K) RGB {E.(D) , RGeH 747 5 K A E I diAs
MBI R TR B ATE, 8id Student’ s ¢ BRI 4HT, M E AR FHERRTE 0.05 /K- 225 B2 . The 2nd instar larvae were fed with ddH, 0
(A), dsegfp (B) and dstan (C), respectively. The RGB value of larval body color (D) was obtained by using Color Picker in Photoshop, and the color
of the mean RGB value in each treatment is shown in the corner of each picture. Different letters above bars indicate significant difference at the 0. 05 level
by Student’ s ¢ test.
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Relative expression level of Ldtan

—_

0
dsegfp dsEcR dsphm dsshd dsHR3 dsJHAMT dsAS-c

BE1S  RNA THL 2 RGN S IR 6 R 5 i A CRE RS X Ldian 23K 1520
Fig. 5 Effect of knocking down the expression of JH and MH biosynthesis and signal-related genes of

Leptinotarsa decemlineata by RNAi on the expression of Ldian
A RNAL XJlii Bz i 2 A HE I LdEcR, Ldphm, Ldshd F1 LdHR3 R AR 2l & A & 3K (K LdAJHAMT F1 LdAS-c 33k 1) 52 W Effect of RNAi on the
expression of molting hormone related genes ( LdEcR, Ldphm, Ldshd and LdHR3) and juvenile hormone related genes ( LdJHAMT and LdAS-c) ; B i id
RNAi (& LdEcR, Ldphm, Ldshd, LdHR3, LdJHAMT FI LdAS-c () 33k %} Ldtan 3235 (520 Effect of knocking down the expression of LdEcR,
Ldphm , Ldshd, LdHR3 , LdJHAMT and LdAS-c by RNAi on the expression of Ldtan. dsegfp "%} dsegfp was used as the control. i#id Student’s ¢ ¥
AT A R S AURE S B AR TE 0. 05 F1 0. 01 /K |22 5% B %, Single asterisk and double asterisk above bars indicate significant

difference at the 0.05 and 0.01 level, respectively, by Student’s ¢ test.

3 i

ARG B R AR A URT DL R i R H A A
o, HE i 22 1N 22 T JHe 45 28 088 T 1 5 A RS
AT LA AT Pz thok 0 3 BT 5 il TN AE PR R
Dmtan 7£ 3k HR | 5 7 1 5 [Q45 h R #8m R b
(Gramates et al., 2017 ) , MiAF 5 38 3 7 51 AR PR
T 2SI ) NBAD /K i BN Ldtan
BAMPIN ST HAEE M &R R ARk
FIRACHI R o AN A58 1 M 2 4 i
Wi ZeiA ) dsRNA, K& B dstan H e — 2 T2 B R
ikl o fa R, HAES 52w &)y HL i) 4k i A1 b 4k
TTAE S 0 B 0 98 AN B SE M AR 5 . 33X 5 i iY
VMR as 20, B By RNAL By — 2 i BUE
Fsicm A, [FEHA A G R B 2 5 B R
RIS, a4 B e e i) SRAL AR A | 325 B A A A
PERIEH 32X SR SE A5 REEAWY) & (Tto et al.,
2010) . TAE AR FL AT ¥ 19 A 50 vh i 9036 2o i AIG
yellow-y [ ZRIK I AN GE 52 ) Ji e 1) 442 €8, ( Noh er al.
2015) , X szt B B IR A8 2R iR 45 5 A 48, 1 7 X
TERSE HANUGH H B dvh BA BRI 220 .

AN, AR Tk — 2543 B 1 DR 4l IR FIE K i
FXF Ldtan WA 7, REWrBERIAG R R,
Ldran 7 4 %2}y s 359 8 303 R0 sl U Rk B0
HEA T R B3 5 LR IR 5 R R WY, Ldran T8 1

B RS Rk, X S5 R R B Ldian T RESZ
| JH By IE 4, MH 967 [ 45 A5 SRl
AR EVRYE R B R R TS 5ROEE
JAR DG R AR — 253t T RNA T4 B
3 SRR R AR N KR B AT
BIRAPL R XS Ldran AT IE [ P8 E4E T, 856 B2
FXFHA R EE R X 5 R B PR R A H
FIRGE R —2, MiAE H B BEIRTS 1 DB %
FRAA A R ) SCEE AT DRI, ORI AR AT
DA HE 44 €5, A8 B R OC JE (5] /) 2% 3K i3 ( Das and
Gupta, 1977 ), T B J % 2 #H )¢ ( Futahashi and
Fujiwara, 2007 ) , X ¥ 5 A fF 58 & 3 1Y 45 5 HL AR
—F,
ENTEMIVERE IORE R/ € e AT 2 48N YN )
(I, Ryt — B o 3 B AR A R R 5
FRIHR AR, PRI ER RIS B 8038 ] 19 A (B AR AR R AL
il AR AR — 5 ) BEE Ak, [R1E A RNAL F R A
B Ao G Bz MR e S %
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