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Effects of Bdfor on associative color learning of Bactrocera dorsalis

YANG Haocun, WEI Bingbing, ZHANG Guijian, QIU Chenxu, GUO Tong, NIU Changying "
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Abstract: [ Aim] In this study, the Bdfor was identified to further explore the effects on associative color learning of Bactrocera dor-
salis. [ Method] Based on Drosophila melanogaster gene Dmfor, the Bdfor was screened out from B. dorsalis genomics and transcrip-
tomics database in NCBI and then performed bioinformatics analysis. Meantime, the behavioral bioassay on associative color learning
of B. dorsalis adults as well as RNAi silence experiments were carried out. [ Result] The B. dorsalis Bdfor, which contains a STKs
protein domain and two CAP-ED protein domains, was screened out successfully and the amino acid sequence of this gene was simi-
lar with that of B. latifrons, B. oleae, and Ceratitis capitata. In addition, the results showed that B. dorsalis has the ability of associ-
ative color learning. After pairing green or blue with sucrose, and yellow with water in petri dishes for reward learning, the tendency
of B. dorsalis to green or blue was significantly increased. Meanwhile, pairing yellow with quinine and green or blue with water in pe-
tri dishes for punitive learning, the yellow preference of B. dorsalis decreased significantly. However, this ability of associative color
learning in B. dorsalis was significantly reduced or disappeared by RNAi experiments. [ Conclusion] Silencing Bdfor impaired the
color learning in the flies which offers evidence for developing new management against insect pests.
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& Bouton,2001; Wasserman & Miller,1997) ,

Foraging ( TFK for ) F& N g W AE SR G SR M8 Dro-
sophila melanogaster ( Meigen ) "1 #% & L ( Belle et
al. ,1989) , B DREZRNE , GLAE R FE BE B0 A At
ST HENR 5 SR R 2 2] FE 2 5 (Anreiter
& Sokolowski,2019) . H:H | for 18 i 4 5 B H K ik
M 2238 i NO-cGMP-PKG 155 ZUk ) cGMP 4K
PEEE I (PKG) |, ¥ B B 122 I 17 0 (Mery et
al.,2007) . ANPRJE AR R HCRE R S O AR
G, PR B A TP RR R Ol S W T AHER R
I7E T AYRE S v e 4% 18 1Y 7 1] LA e o TR
i ol R PP IR 2 > BE ) A8 22 A MR T i i R Gk

Sfor ¥EE2E 2 HE S (Mery et al. ,2007)

1% /INSEWE Bactrocera dorsalis ( Hendel ) , ¥ 44 4
TS JE XH H Diptera SZ ML Tephritidae S
SEWRJE Bactrocera , ie—Fh 2 B HEFE B EF 250 4%
IR ER (Jayanthi & Verghese,2011), H.7E 2 3£
SN RO, 4l BB E TR SN IR (X2 AR,
2016) . /NI ATYERE iz IR T R, E A
(B HE YN | BRUH RN R V-7 25 4 X, H i3l , H A
/g e AR 22 8 ( TR, 2020)
HAARJE B A7 VG T Y EORE ) 5 L B IR
ME, 25 R G T i B T P E R (Clarke et al.
2005) . Wang et al. (2022) FERF5E 2SR U {6
Pt v A B, A AR i e 000 DI ol A il Ay AR
PSR RE 52 0 (et 407 0 €8 % A7 /N SE g i e 5 1, B
X A7 /N S 0 2 o] PR L g i g D AR
5T 38 1o 7 e AR /)N S8 Bddfor R ¥ 31, X FLilE AT
A E B2 43 BT 5 [ B e AR /N S e AT R R
PRITAEG /NS0 1) 3R 38 1R B €25 2T 47 O B Bdfor FETH
FEF AR AGPERT, RIS = 6 B R AR PR 0 2 > Y
FEALH, ARG/ NI B R B iR ki 2%

1 MRS
1.1 #ikER

/NS i AR v ARl R AE AR ) REB A B B 1R
A A ARSI = PR A O O i AR E I R 50 R4
AR N RIRE, R R SR T2 B R JE (30 emx
30 cmxd0 em) o, {8 AT FLRHI 3 ( BERERY © e
B BRI LN 1.0 £ 1.5 ¢ 6.0) IR E
25~27 C MM 60% ~80% , 6 AW 121 ¢ 12D,
1.2 #%/\5K48 Bdfor MR S5 £EWIERFDIT

P 2 6 2 A ST PR A /) S s PR 20 B0

454 NCBIL R e, LB B o SRS SRR Y for S
A Dmfor , i 196 #1 BL B B = B9 mRNA #3112k
“Bdfor” , [Alit, F A NCBI #4825 & 5L )7
B AFARL E 0 9 HE 3 BT Fh A Dmfor 32 R TR) T8
G, T EAT1S Bdfor PR FEIR R 2 (B 3B 4 ¢
. KRH MEGA 7.0 {447 8 73, 1 e il
Clustal W 75X JFAR 3R 1P 9047 Xt 40 Ar , I Bk 5
BT IR IG S E SR R Gk
AR, Bootstrap HUFE(E R 1000, FFHEAHXT R R
T B FR L B Dmfor 25 31 A Bdfor 25 117 31) JF
GEZN:A0E YN

1.3 #&/NE4R Bdfor M5EPES dsRNA HIE R

3 SO ARG 7N ST i e A R AT B RNA R,
HLARHEAE W TaKaRa 23 @) A8 RNA $EECLI A, #
PR 26 143 T4 NanoDrop 2000 i % JH: ¥ i 1 o 4
AR 2 5 1) & ( ReverAid First Stand ¢cDNA Syn-
thesis Kit, Thermo) Ut -F#E47 5 5% 5% 6 1 cDNA

834 Primer 5 AT 5 149, LA cDNA AR
#E4T PCR ¥4, R i #2 )% 4 98 C 5 min, 98 C
10s,55°C 30 s,72 C 40 s, 30 MEH, 72 C
10 min, ¥ 3479 H TaKaRa 23 & ) pMD 18-Tvec-
tor PEATHERE-FALIRES . X BTN (b Bt g
BHEDFHL A ) | IR I UL, i Biokdit 2
BRIP4 A e H A9 Bdfor #E17 HOXE, 25 6
22 S BB 22 W T T — 28

AN IE 5 ) B AE ) DNA BEARGES T PCR 3
14 A T7-DNA i T7 Polymerse ( Thermo Scien-
tific) RNA BE B4 8 dsRNA Ff-4lifk, SR 5 IR
B Y NanoDrop 2000 5 Hifk i & & &
%1000 ng - pL™',

14 BNEIRERMEEEES)

B0 AT /)N S i 1o e e ) B T % €6
WEEOHA PR (Li et al., 2017), S0 Wu et al.
(2007) fEHEAE 15 em 5 2 em, JFHTA/MLIYETE
b 11| RN e e 1| 5 o o R
oete WESEAMANE 1), BAUER Adolbe 21—
2§k -1 (red-green-blue, RGB) {0 5 =05 (i il — 7
21 -7 — 22 ( cyan-magenta-yellow-black, CMYK) E[J fil
ORBRAEE (R 1) . ER/NIMPIME 4 d HUR i
KW TIRES . Seib AT R ah M B ) 25, 4
TIEL 15 S A /NS e A R A 1 i PR A 50 miL
OE T IFEES T BT 1 /NL, AR e A
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100 wL B9 1 mol « L™ B RREMHE 7 Y Ui 7 1 060 206 5
o/ e 1R 4y I A0 B IR 20, 76 2 A8 T A
100 pL JCEE /K I IR ST X B AE 2 (o 5 A58 53 LA
KIS A 100 wL TEKIFIRE . FitE
NS IR AEAERG SR ML &t/ 5 L 43, BUET TREME
WZE 5 min J5 H COKHRL 7 I B K ik, i%
SEEAT 5 RS I ) T A7 /)N S W R 2 O 5 75 3]
— AT IR RERE R 5025 1 1E P 15 min J5

SR A7 /N S A N () B DX PN I i, i ol
“YIGRIG" o 2 P A4 E R 10 1K,

257 (CAS %55 130-95-0) NERY R, LU
2.16x 1077 mol « L.7" 45 TV T8 0 AF 2% 1 T 34 560 UE ARG
ANSEBRAEST 4 2 | BRI A R R L 2 ik
W HL IR 2 (0 A 2 P S T R A TR, A B
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(Zxrelec et al.,2013)
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Fig.1 Experimental setup

®1 KEKREMAHESH

Table 1 Color parameters for experimental apparatus

g HEAA B AR SN G 8 % 4l T —TRLL-# - R BRI R R
Colour Virtual wavelength/nm RGB color model figure CMYK color model figure

H 4 Yellow 580 255, 255, 0 10, 0, 83, 0

%4 Green 520 54,255, 0 59, 0, 100, O

W {4 Blue 440 0, 0, 255 92,75,0,0

1.5 RNA F#f for 3%\ LBk R 1B & 5 SIS0
BRI\ 0 O A i 3 30 FH S A e S ( WP
USA, Nanoliter2010 ) {F 4 dsRNA ( 5.3k 7 §f &=
1 L) PRI, LIS 1wl dsGFP X i
M, 2 d G ERRIR AR BRZ AT 10 Sk, 480Gk
# RNA #E47 RT-qPCR K2 36 U1 BR AR, A4 b B 3
AEE RN FEF A 95 °C 305,95 C 55,55 C
30,72 C 31 5,40 MG, UL a-tub (5 R4,
CP115864.1) 1A NS BE K, R STk i 1 51 490 )7
HIHAT5 1A (2 2) (Shen et al.,2010)
TEREG/INSEIE Bdfor BEULERGEE 2 K, FRREST
U BRI AH [R] A0 22 il 2 > FAE T 24 20 50, 50

K2

LT FHAE 1) T 8K Bfor (1447 /1N 52 68 0k i 1R 6 473K
B, Ko FR AR 00 2% A P[] 06 2 — B, 16 P vE 5
dsGFP (A7 /NS e i s AT 000 . 3 Il e 45
A7 /)N S R A5 AN [ 23 DX 3P 1 L A3
1.6 HFE/EBSHHF

RT-qPCR i 56 5% i CT {40 X} & & ¥k, i A
2N TR AL B Y dsRNA ULERFCR ,
IBM SPSS 20.0 3 #E 47 1 25 Pk 43 B, 1 50 B8040 ol
FHARSTAEA ¢ K555 o i Tukey HSD 72 8 L
5, f# ] GraphPad Prism 8 3K {4F4: &, % o~
A bR, BE K P<0.05,

WIEETASIM R ERF

Table 2 Sequence of primers in this experiment

51 FH 3% Primer application

5|¥) 4 F Primer name

BIYF51(5'-3") Sequence of primers (5'-3")

FHH FLRE Gene cloning Bdfor-F GTGTAGCAACCGCAGATTC
Bdfor-R TTGTTCACCAGTCCCAGAT

SER G E = PCR Quantitative real-time PCR q-Bdfor-F CACCAACTTCGATGCCTAT
q-Bdfor-R ACTCCCACTTGTAGAACTCC
q-a-tub-F CGCATTCATGGTTGATAACG
q-atub-R GGGCACCAAGTTAGTCTGGA

dsRNA & i dsRNA synthesis T7-GFP-F TAATACGACTCACTATAGGGAGACAGTTCTTGTTGAATTAGATG
T7-GFP-R TAATACGACTCACTATAGGGAGATTTGGTTTGTCTCCCATGATG
T7-Bdfor-F TAATACGACTCACTATAGGGAGAGTGTAGCAACCGCAGATTC
T7-Bdfor-R TAATACGACTCACTATAGGGAGATTGTTCACCAGTCCCAGAT
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13 T for IR M Z TR T 50 AT HER 4397 (
2) A5/ S Bdfor £ 15 A 3 Ao Rk B HL [
MUSEWE B. latifrons ( Hendel ) | #UHE SEWE B. oleae
(Gmelin) | Ho H i SCWE Ceratitis capitata ( Wiede-
mann) ] E/‘J for %H%%E*@,ﬁé% IEI%LE"J%%%‘%B‘Q
R R, HSXCHE 6 b R BT R
733 TS HAB P A 2R 250G R B

i H

Coleoptera

2.2 1%/NZE4E Bdfor BB RSFIES AT A0 THRETR
{1 Bdfor 8 ¥ 51 55 UM | Hb v 76 512 g
Be SN 2 Fh 5T HAA i 64 for 2 F1F 51 (PKG)
PEAT 22 FLE R o AT (18T 3 ), A /0N 552 e RSB S g
iy i S DA R SRR SRR Y for £ 1 R BE IR <T, [H]
WS 3R 96% ,93% Fl 87% , ) 547 1 A serine/
LER I 2 4 effector do-
main of the catabolite activator protein ( CAP-ED) %%
B, 33X 2 A S5 R BRI B/ FZ B R P2 T 1Y
WA, DL SRR B 1A /N S Bd-
Sor JESBRE LG Dmfor W RITRIEN

threonine kinases ( SKTs)

XP 018783661.1 Bactrocera latifrons

XP 011214536.1 Bactrocera dorsalis

XP 036214623.1 Bactrocera oleae

XP 004531354 Ceratitis capitate

XP 005192107.2 Musca domestica

XP 013116049.1 Stomoxys calcitrans

NP 001334731.1 Drosophila melanogaster (PKG)
XP 034101389.1 Drosophila albomicans
XP 038111362.1 Culex quinquefasciatus
XP 021700790.1 Aedes aegypti

XP 015838070 Tribolium castaneum
T AKM 12346.1 Apis cerana

L NP 001011581.1 Apis mellifera
NP 001037051.1 Bombyx mori

2 14 TEHM for EHBLXER
Fig.2 Evolutionary relationships of for protein in 14 insects

B710 bootstrap 1000 AMEH B B 5 R ( KR 70% KX L)

The numbers represent the percentage of 1000 bootstrap replications ( above 70% showed) .
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Fig.4 Choice frequency of green (A) and blue (B) in B. dorsalis during reward learning, as well as Choice frequency

of yellow(C) in B. dorsalis during punitive learning
ns: T FEMZES; © . P<0.05; " . P<0.001,

ns: No significant difference;

2.4 Bdfor 3@ /INLIREE R BB IT AR

dsfor 5t 2 d J5FIH RT-qPCR A6 I #0 br 3 (K]
Bdfor BJAIXS i, 45 R R A L T 14T dsGFP
XS BREH TS dsfor AR/ INSE R EHE HL Bdfor 3%
T S)

5T dsRNA JLER Bdfor Jo , X4 /N SE g pEA T %
JAh PR B € 2 20 K, S5 AR B, X B v AR /N S i
FEIGRIE XT ah otk i 25 BT iR, /5 /0
SERRFE Y ZRAT G X G R R T B 22 5 (K
6A) . FELLIE N S5 R Bl a2 2 i e v
X RELUAH B, UK Bdfor 51 /1N 52 M8 7 1 25 1T ) XoF
WOMERFER TR EER(E 6B),

UUER Bdfor J& , X A /0N 52 B 00 A7 4 1) M 20 4 2
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SR TE I 255 X6 ¥ €0 1 8 0 3 R AT, T FE TR
Bdfor B8 YN ZRAT IS , X B0 2 B R0 D 3
Z5(#6C) .,

3 itig

BT B H B (0,2 2] (R 5T 22 4 v A B e | gk
G R, HAT, A AR MHE dUR A BB R T
Bifa 2 2 47 h ¥ A TE 2 (Anreiter & Sokolowski,
2019) , ELHAY NO-cGMP-PKG 155 5 2 Bk 2 44 1 2%

* . P<0.05;

. P<0.001.

257 AR A4 B LAY ( Hasebe & Yoshino,2016) , for
FAT CAP-ED Z5 3 7T 1E A 15 % 77 F cGMP
AR T STKs 4548 385 ) 2 55 90006 rh il 12 Ak 6 11 1Y)
%% (Rout et al. ,2018; Werel et al.,2023) , AR
Ve AR/ NS B Bdfor FEN, KIS B A H
1 4~ STKs Z538 1 2 4~ CAP-ED 45438k, 5 A Y
W58 —3%% ( Osborne et al.,1997) . HiZEHFI S
PRBSUSL 0 | b, v g S 7 PR SR for B TS =
BELRSE, [RIRME R T 87 %, Ui BHIZ I R A /)N 52 g
Bdfor , L4t 1) PKG 8 11 AT B ZEAR /1N 52 08 1) 2% >
1R R AR
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o
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Fig.5 The relative expression of Bdfor after dSRNA treatment
* . P<0.05; ™ . P<0.01.
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Fig.6 Choice frequency of green (A) and blue (B) in B. dorsalis during reward learning, as well as choice frequency of

yellow (C) in B. dorsalis during punitive learning after RNAi
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ns: No significant difference;
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