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A > % F s (Bactrocera dorsalis Hendel) ¥4 B %Mt 28T B2 - > Hp i 8 £7F
HPERAEF LA EREFHGEAEE N oI N EFRIPFARALE BpA BT AN B D
BT R R R PR B ] 0 g B AT s R R T 1 e Beps f el o 19
¥~ IFEH@ A5 A T (transformer, tra) £ % F WA B Mo frdl tra s LT BEH 4
Bl o Fp o AFEF KT B REH LS X FEsE P RNA > £ 2 F 4+ (reversed transcription) £
H &4 F & (polymerase chain reaction) 4 15 tra ~tra-2 ~ 135 %1 (doublesex, dsx) % “¢
* v A% (yolk protein 1, ypI) % %52 4p b A Flend A > B0 fRioL AFai mg
PRGBS B M o B R BT P Bdird Ap A BB BT A MEBETS L s trd
mRNA » ¥ 5 rapulid- e anfhd 5 Rd 2 J 2 0 Flaot w2 PR rE B > B Ap B
AFni B E 2 B o330 2 {4 > #e2 B eh Bdtra’ ~ Bddsx' 2 Bdypl % 8 g2 z2 % 2 ¢h Bddsx™
FRETEF R L REFRESF TS T AT E - AT G M o Bdira-2 82 5 g
TR A T e A F R B R T AR ORI R SR EE Al B iE o
H % > 12 Bdtra 0% RNA (double stranded RNA, dsRNA) +#E L * & Fcrli g7 > &
68 B 1%t Bdtra dsRNA i @ 2 %5 16 B2 19 B33 it 5 22 F 2 ppa o wit 54T 111 -
FAAUESH?F OLACER )L X 3 TR [ A2 1A N EoTirezea f + 30
AHEFRE AR n3A BHAES R AL R AU NBN fra 2 AW TR FRED S

= E

BTsdsl B AACER SRR LD EHEL S R T ub o

Mt @ L2 R F s s Bulhgsdl - #7954 % - RNA+ 3 -

1 EENERERESY — - REEEKRNGEY
FEAL 53 ST — e U s A 2 R 5

HTHEE (Bactrocera dorsalis Hendel) 5 TR ORI LR A 4D S B TS A B R L SR
G H R IR E S EABRET R 20 HIERS: o ERED UG ER T B S R
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HiFE R - WGBS NARE R EWREE - R
ERLINEZIE  BRIET 222 - HRETE
BHIEAVETE 158 - SAGNELELE - BUEMHRANIATE
SHE PRIk - SN S EBUN 25 A AR F MR 5 RIS ~
SEPE R B & E F DA TR R A 0 B2
AR RE ZE R 2 A 2P A R 7 S By B A% AL
REIHIB RIS AR - B0« AR R
TR 28 2 LA AR 50 - DARRE FH e i s 2
LA i ek DN AE B SR 5% (Chang et al., 2016;
Huang et al., 2016a, b) -

e A SR PR R e S ML RS X Y
WHAE ST PR LEEIEE R (Sex-
lethal, Sxl) (Erickson and Quintero, 2007) » F#&
At E—RY SXL RNA 45 & 5 DL RNA B2
B7 #% (alternative splicing) 8 & T JiF & B
(transformer, tra) M (doublesex, dsx) F:A
HIZFIR K IhEE (Cline and Meyer, 1996; Salz and
Erickson, 2010) - X 2 A M fs NFEE(E 2
SXL &H » AReiEd MipREMS TRA &EH 5 1M
TRA HyiE M R A Mt DSX 289 (DSXY) Frh
7 o Ktk TRA FEfEtE - IRV FEUT RN
&£ M DSX (DSXM) (Sosnowski et al., 1989) -
il DSX" Al DSXY & G HIR T > 4y
AAEMEPE A SR P EE A - DHREAETY R E B TN
HEMTEE 2 FER (Burtis and Baker, 1989) -
Bk - DSX" gE#E(L NS E AR - 7 DSXM
RIEAHIHIUY = & 0 Ay ThRE (Burtis et al., 1991;
Coschigano and Wensink, 1993) - [t — & HfE M5
B PR IR T E R A -

AT WP IHHARY E e 5 —fY SXL [FERFFAE
FUE (Musca domestica Linnaeus) ~ #1355 &0
(Ceratitis capitata Wiedemann) F1f{& 5 & i
(Bactrocera oleae Rossi) [l ~ fESREER - KIHHE
N Soel 55 PRI % BR E Bl 7 S il 5 1 14 o) e 2 e B
(Meise et al., 1998; Saccone et al., 1998; Lagos et
al., 2005) - (4B IHZE 36 B A7 3 RSB K
fEREWEF > ThREME TRA EH A B ERE SN
EHEKTF - Pane et al. (2002) 5 Cctra 1T XX it
MERERE < PR ATaA % H ECERERATREH] - SRIEI R4
RAEMEREE BlE o EE S » WERFE AN S R
MEERAYECIE - B Cetra BVERE: RNA (double-
stranded RNA, dsRNA) B XX MeM:IRpS > B {H
e RadHAE K AR THARRE S B - WEA R AES
Ty (XX-reversed male) FEHE - {F
MRS SR SRR tra HIRFRETIRS - F
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A RNA & (RNA interference, RNAi) ¥
B B A H AR W (Lagos et al.,
2007; Liu et al., 2015) » 15 tb4E R EB2EE tra 7R
RPN REWNE A E RAIFE EEAAE -
TRA ZEH¥ transformer-2 (tra-2) EREY)
TRA-2 EHPEE SR 2% - G NFEAN RNA
GEL FED FHVEHY TN dsx Fr fruitless (fru) mRNA
SRR AR - BEOR tra-2 TEMEME BOETERT R
R EMEETEH TR E MW (Anastrepha oblique)
HEERE - (HEA RNAI EESEBE T TE
TRA-2 (5N e R SR IR - s T
WE dsx, fru RNA AVETEHES (Salvemini et al.,
2009; Sarno et al., 2010; Liu et al., 2015) -
HATER Bdtra HYEEREH 5 i exons K 4 {§
introns » {FIHfE ~ FE(ERS A BRI BT RE T R EE A
RERESEEIA (transcripts) (Liu et al., 2015;
Penget al., 2015) - i &) TRA & 422 fir &k
HEAYEN: - B TRA-2 EH 4G 1% 0] 5 FFHZE R
FHPRE T BRI R R o s AR
AR BAEYEER AR TRA - Rt R R %
FEEEA TR B HEARIA T - DL Bdtra HY
dsRNA BRG] B EEEUR R R i 1 - a8 e
Bdtra BHRIGTEEMEZENERAER T (Liu et
al., 2015) » AR FEHE—D S R IT RE M2
Bdtra BN FAERH TR &% SR AR
= AAH Bdtra dsRNA g5 » DUHIES
Bdtra B:PRIZ A 056 HA Ko Bl BA B 3 08 Y A2 B T

B -
MIHRTT A

— > o\ aER

A B P 2 BRO5 SR E W i A5 E S R
B RSB ARCHEEAERE 7 2008 7 AEE
SR T MERY o pRERETR O E I By 12/12 /NFf
AyeE R - IDARERRY) ~ EEEBRELELL 11 3t
PrEEeE - @RI N TERE &N g rERE
(Chiu, 1978) -

+ PR E AR R A R IR B kel

4aE RNA #EH]
FREHERA T REASHIEER TR

BT ON ~ 4hss - f R piE U (E A F S A g EE - OF

TIARAZIEINRAZREON - RAZHIE IR pa 2B M &

FE NHYOE > T2 ke UM AIE MR S AC t& 2 NHIDN 5 &)
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x— RARBWMAIMEREERZ RT-PCR AMER 25| FF5I

Table 1. Primer sequences of the sex-related genes of Bactrocera dorsalis used for reverse transcription
polymerase chain reaction

Primers Sequences of primers

Bdtra F04 5- CAAACT gAA AgT AgA AAC AgC -3

Bdtra R02 5- CgA ATg gTT TTA TCg CTA ggT -3’

Bdtra F14 5- gAA ggA TCT AAT ATC TgC AAC Cg -3’

Bdtra R01 5- CCA CgA TAT CAT CTC TTT gAA -3

Bdtra-2 F01 5- gTA gAT CgC gTg ggT TTT g -3’

Bdtra-2 RO1 5’- gAT gAg TAT gTT CAC gTT CAC g -3’

dsx Z 5- gAT ATC CAT ggg AgA TgA Tg -3’

dsx D 5’- CAA CAg TAg ATT gAT gAg CTT CC -3’

dsx M 5-gCg AgA AgT gCg AAg TCA gTAAgC -3

*Bdypl F 5- TCAACC AAT CAg CAATAACCAggAC-3

*Bdypl R 5’- gCA TCA CCA CgA gCC AAACC -3

RpPO FO1 5- gTATTT ACC AAg ggC gAT TTg g -3’

RpP0O RO 5’- gAT AAT TTC AAT TgT ACC CTT gg -3’

* Bdypl F and Bdyp1 R are a primer pair of Bdyp1 (GenBank accession number AF368053) adopted
from Chen et al. (2008). Bdypl F and Bdypl R are located at the 516-530 bp and 916-935 bp,

respectively, of Bdyp1.

#xHY 2 F 5 HES - WHEL 3 F& 7 HiEe - MERIFF AR
HIMEEE(ERS A o7 HIHL O ~ 1~ 3~ 7 Jz 15 HERHI(E RS
ZEH 4 & RNA (total RNA) - B K 2 Hiig4hak
BTN > RIILFEHL 90 % 100 mg F—HEA : [fii 5 H
WA ~ IR S pER DL 10 E(ERg B—FAR - &
J* 60 % 200 mg - HivERBIHL ~ (LIECPH B
A 24 h £ 0 Hie - 24 h 2K 48 h iy 1 Hii >
RILSEHE - GEHIUEZ -

F—EEAHL 100 mg 4HAAHIAEE RNA - 5L
A 200 pL TriSolution® (GeneMark) D/ hffEEfEfE
4% > FIAILA 800 L TriSolution® » #£ L)ii4
PRt 2 MR P a4l s RNA FEHY - S R s3]
iy RNA &5, 30 uL DEPC (diethyl pyrocarbonate)
7/Ker > i A RQ1 RNase-Free DNase (Promega) »
7 3T CRIE—/ NI % - EITRE) DR © Ffs RNA
[E]775574 20 uL DEPC 7K » A ODgg/ODgso EEAE
T 1.8 LUE - A TR B ESRIEA -

2. ZiHEsEER (reverse transcription, RT)

Ay 1 pL 20 uM CDS 5]+ (5- CCg ATA TCT
gCA gTC gAC TCg AgT TTT TTT TTT TTT TTT
TTT TTT TTT -3’) fiA#& 3 pg RNA /Y 17 pL
DEPC /K » EJj* 7T0°C/I#4 10 min - BEEERK I 2
min ° {XFFIA 5 pL 5X reaction buffer ~ 1 pL 100
mM DTT - 1 uL 10 mM dNTP & 1 uL. SMART™
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MMLYV Reverse Transcriptase (Clontech)j? 42°C

[ZFE 3 h el S sk {ER] - SE& R cDNA fRiFH

-20°C 2 BRHE -

3. BENEHEFELE (polymerase chain reaction,
PCR)

DU T R E R cDNA Rfsifl - A5
Bdtra F14/Bdtra RO1 - Bdtra F04/Bdtra R0O2 -
Bdtra-2 F01/Bdtra-2 R01-dsx D/dsx M or dsx Z -
Bdyp1 F/Bdypl R }2 RpP0 FO1/RpP0 RO1 #7758
GG TE - o7 IEiE R AERE A - BB A
¥ lERS RNA PO R (ribosomal RNA PO) P&
FH¥ RIS - BUlFrE RS54 - HF
sFU1F— - PCR A KA S+ 0.5 uL cDNA, 1 uLL
10X buffer, 0.8 pL ANTP (2.5 mM), 0.1 uL
Forward primer (20 uM), 0.1 pL: Reverse primer
(20 pM), 7.75 uL ##EEE/K, 0.05 uL. rTag DNA
polymerase - PCR [ JE(%{4: 5 94°C 2 min ; 94T
30 sec > 60C 30 sec: 72°C 30 sec’ EZE 30 &
(cycles) ; 72°C 7 min °

4. BB E KM (agarose gel electrophoresis)
KRB G A
DNA BEARSERE 1%3B 8k ot » #EE L UV
BREIE % » flF KADAK 1D Image Analysis



Software 3 #fi2lE EFRTHVEZRE - WX EERS
RNA PO (RpP0) YR & R ¥ IRRIEEAE - o1
PRI AN T 2 BAE » BRSERIEARE
ke A PRI S -

=~ BHEREEW transformer R RNA FiE
1. S5 EE Bdtra cDNA 55

FHEREY Bdtra Fp3lsst B —1E5] %
Bdtra E2F (5’- gTT TCA AAg AgA TgA TAT CgT
gg -3’) K Bdtra E4R (5’- CgT AAC gTA TTT gTT
gTg gAg g -3) U7 R B #liHH1 . cDNA Ryitif»
WIE Y, Bdtra exon 2 | exon 4 HYJ DNA HE%
(Bdtra E2-E4) » H#: A pGEM-T Easy Vector
(Promega) - HU{SR[E Bdtra FF5If# AT EIHVERE
pGT-Bdtra E2-E4(+)F; pGT-Bdtra E2-E4(-)fE4
%> FILL DNA EFrtfesdfE A Bdtra [P35 2 TEHENE ©

2. Bdtra dsRNA #ifE

MR HIES Nael K Spel 53 73IV)Er pGT-Bdtra
E2-E4(+)}; pGT-Bdtra E2-E4(-V&#E » iEfTEEE
K& T7 promoter Y Bdira E2-E4 | EELL
GENECLEAN®M Kit (Fisher Scientific) {52
65 - #]F§ MEGAscript® RNAi Kit (Ambion®) 1L
3 T7 promoter iy Bdtra E2-E4 cDNA #1{EEEHE
RNA - [ iRt 2 B2 e i iR RNA &
i Btz [0S 10 pL iy DEPC K - EHEME T
J¢3¢fEEt (Thermo Scientific NanoDrop™ 1000)
HIE RIS R E (RNA AR ODgso/ODago EEAE
i 1.8 DI L) 1% > HIEERY Bdtra E2-E4 sense
RNA & antisense RNA ;84 > # 90°C %4 5 min
% » i EREIERCR - DUER Bdtra E2-E4 (Y
dsRNA - #i84H Y eGFP dsRNA #EJ774[H
Bdtra dsRNA (Chen et al., 2008) -

3. HEHA Bdtra RNAi 4347

DX 5T 28 (PB600-1 Repeating Dispenser;
Hamilton) ¥ 0 H#RIEAET 28 - FEETEHER
0.5 puL JiZE exon 2 & exon 4 (984 bp) F5IHY
Bdtra dsRNA - eGFP dsRNA = DEPC /K - B
4D 3 pg/ul ) Bdtra dsRNA 5 26 (B - &
Es4H — 1) 3.8 pg/uL iy Bdtra dsRNA j¥: 5§ 42 (i >
SRR 1 Ry 40 (EAREET ~ 40 {45 DEPC /K
Je 42 (#7354 3.8 ug/ulieGFP dsRNA /Y 0 H i1
Bl Esk S HA S B 1HIE -

AicaER b1 » e ARSI R SR 22 S M 4G

~4]~

HEDIER = M AT - RECELF R — &R
4E 8BS Bl = B2 R PR B A B B 2 i i 2 A
& 18 HERBHAGERON - $RUNTEELT K 5 2 7T 2 &0
HORE 200 FH G IIER NI RS - BT RAERR
W% o BTEFARERIIMERELL B o FATEERONHERSS
AR HEL TR » BN A TA RIS o SHIAH Al &5 5
HU 8 Sl S fife i A 79 N HEURE R - (RMEfEEES
BIEEE -
& X
— RITREWE Bdtra REAMAEREREAREES
HARVRERSL
TERFEIAERIHHTR T R EHEIS4EE RNA it
17 RT-PCR > FF LS E IR ERA tra ~
dsx ~ tra-2 R UNEE AN ypl TR EZEFHNFE
BRI © G5REUR © B840 RpP0 FREA [EREEA
HIRIAE LR —E - (B2 MERIHR AR R 2
BERHIAEMRE (E— A)-#E— 2 KADAK 1D
Image Analysis Software 437 iEE s (5 145 E R
RHELTFE &M » 45580 Bdtra™ (600 bp) 7£
HIGHIRI B (K (B — B) » 2R Bdtra’ (246 bp)
bR T IEARAZENON (UE) KEFRH 2N 20 (E)
HIFERE = 5 4had (L2, L5) HI 2RI » iy
FIBIAWEN PHLR 7 & 16 HEHERGE: (F7
F2 F15) SUASHIEIA 2 Bdtra’ #25 (E—C) - %=
JAE— A Y Bdtra-2 BLRHIRIBEAHE IS A
R (HEERS FEH A MR — MR RR R E
L fEEpE R EE—: s MR Bddsx™ (248 bp) K
Bddsx' (358 bp) A UNEL4 s BARME - F0F
HISERERERIA T - H Rk & H s ny s i
ZHEG A T ON E A H AR Bdyp 1 AEARSZIEUN K4
s HARYR IR - IREARFL SN0 - 7R s I bE
Hiiersnmig =55 E -

=~ W EEM transformer $EH] RNAi 5317
FHI7Y Bdtra BERAEIREAELAR s30T FIR & 1
HORVER SR » (N AE— DA EE AT RNAL S34f - 5
Fi#ZE exon 2 £ exon 4 (984 bp) FF¥IAY Bdtra
dsRNA JT5f 0 HeH s - A HRIAE 1% 425
HILEFRINEE o 153 5T Bdtra dsRNA 9 68 {Eif
A 16 Lk & 19 SRR IE R2) - 19
SRR 9 ENEEATAETIESET - %
PRI AR S B R e 1T o B4R SR (B ) » No.
1-3 BEEEI - No. 4-9 AEHEHY  No. 10-19
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Fig. 1. (A) Expression analyses of sex-related genes in different stages of Bactrocera dorsalis. (B) Analyses of the
expression patterns of Bdtra™ at various developmental stages using KADAK 1D Image Analysis Software; (C)
Quantitative analyses of the expression patterns of Bdtra' at various developmental stages. UE: unfertilized egg,
E: fertilized egg, P: pupa, M: male, F: female, number: days for each developmental stage.

~A4D



R_ UBHEIEY Bdira dsRNA $IER S RE MR 82210 Rtk b2 028
Table 2. Effects of Bdtra RNAI on adult eclosion and sex ratio after pupal injection of dsRNA

No. of

dsRNAs Co/ni' ™ If"a‘g Adult Eclosion

(ng/hL) eated Tupa Total 5/ 9
Control

1 ; ; 40 40 17/23

2 water 3.8 40 15 8/7

3 ¢GFP 3.8 42 17 8/9

Treatment 1

Bdtra 3.0 26 20 10%/ 10

2 Bdtra 3.8 42 15 6/9

* Two males died after eclosion, which were not counted in the observed result.

A

B — 4HHA Bdtra RNAI RIS AL AEINRAIRE - A B - ERFF LRSS 5 B [E : 15 Bdira RNAI [RI2HEE
SRERIER 2Rk s ; C [@ : #8 Bdtra RNAI fRI2#% E INZRESIE iz 2 Mimk 22 ; D [ : 45 Bdtra RNAI RIE1E E SRR E
B2 MR ER o

Fig. 2. Effects of pupal Bdira RNAi on the female ovipositor. A: normal ovipositor of untreated female, B: normal

ovipositor of female with RNAi treatment, C: slightly deformed ovipositor of female with RNAi treatment, D:
seriously deformed ovipositor of female with RNAI treatment.

AISNPIEE : $1H04H 9 Bl plaan VAN S IER (& 3 ) BARLDHRESMIES (E=) - o H
=) £ 16 ERIIPHEA RS - ARIERPIE B 12 SEERAH IR R IR R s S ME T 25
AABIFET RIS ABIZHER R A 14 & (3&RI) - BIEH (&M -

Foop 7 5K 12 SRR ER S NMEFHES EL Y AR ES Fo T#i%% Bdtra dsRNA B {EESHIEETI R
eGFP dsRNA Hy$iasf o a3 —& ks (No. TRMEREELD - R T BReH AT A IE - IEsasy
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&= WHHR Bdtra dsRNA ZIEH ML ESRIET R FRARE
Table 3. Effects of pupal Bdtra dsRNA treatment on female development and progeny
Level of ..
Samples dsRNA flj :;a(iz de‘forr‘ned Egg laying Sex ratlgo 1:n 5 rogeny
ovipositors

Treatment  Bdtra 1% Seriously — W/o progeny
2% Seriously — W/o progeny
3% Seriously — W/o progeny
42 Slightly - W/o progeny
5% Slightly + 1.11:1
6% Slightly — W/o progeny
7% Slightly — W/o progeny
8% Slightly + W/o progeny
9% Slightly — W/o progeny
10 % Normal + 162:1
112 Normal + 1.33:1
12 ¢ Normal + 1.10: 1
13 ¢ Normal — 1.12:1
14 % Normal + W/o progeny
15¢% Normal + 1.22:1
16 % Normal + 0.82:1
17% Normal + 1.17:1
18 ¢ Normal + 1.13:1
19% Normal + 0.76 : 1

Control 1% Normal + 1.04:1
2% Normal + 091:1
3% Normal + 095:1

DEPC water 1% Normal + W/o progeny
2% Normal =+ 1.11:1
3% Normal + 1.56:1
eGFP 1% Normal + 0.86:1

2% Normal + 1.08:1
3% Normal + 060:1

BB R = S AR EE BB - SR 1T B O H Bl
Bigg ; HHHRAH I & B = i aR T ER G U -
FEEER No. 1-9 EUNSEPHMEkaE T  F 7 &
REREFIN > ZEOPEY 5 9k 8 Shlfepiasd - HA 5
FEEAVIRIEAIBHL - FEEDNES IR s > & 9
EEFELE T > No. 13 AylfsafrZ IIFTRIBET -
At AT~ » $HERAHAYER 7> - 18 DEPC /KHY
No. 1 HfEzsdfErE [ UN{EARFEL - HerB et BIH
HMELTR GR=) - BEIPRIMEHYMER IR T
SRS IRAH Y DN EIME o RN IR > IR LIRS

FAEINFEARNIRE R INEZ AR (E) - =
)3’\¥ﬁﬁtﬁf’%tt1ﬂ AR SR 11 (R=)

~A44~

HTATIEHARE T Bdtra dsRNA fi R &g 2 (L
AL -

DL Bdtra dsRNA IR TH 2 €M
JEER AR (No. 7 ) 12)-ifij eGFP %}i74H No. 3
TRk ER AR S © It 8 S fknkas B fw U
4 BN EEES(E GRIUKEZ) - Ik
TR (ERE A =4 No. 1~ 5811+ 13 }
14 > Hep No. 15~ 8 [fEsdlc FIE T HENIH M T
LR A BT B Ry A B Rl g2 A2 FU gk JE T - /2 No.
11~ 13 ~ 14 ffgai e FIETHYARN » H No. 11
e 14 WESIMNEIER » ROV R R AT RE 2 £ 5T
HIERG 3 AR T TS R R - R TR bR T

4iE
PARNY
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Table 4. Effects of pupal Bdtra dsRNA treatment on male development and progeny

No. of

Deformation of

Sex ratio in progeny

Samples dsRNA Male external genitalia Longevity %
Treatment Bdtra 13 — Short W/o progeny
273 — Normal 094:1
338 — Normal 143:1
479 — Normal 095:1
578 — Short W/o progeny
6798 — Normal 1.07:1
73 + Normal W/o progeny
879 — Short W/o progeny
9% — Normal 092:1
1038 — Normal 1.09:1
113 — Normal W/o progeny
1273 + Normal W/o progeny
1338 — Normal W/o progeny
1473 — Normal W/o progeny
Control - 13 — Normal 0.82:1
273 — Normal 1.33:1
338 — Normal 099:1
DEPC water 13 — Normal 1.29:1
273 — Normal 1.22:1
338 — Normal 098:1
eGFP 13 — Normal 1.14:1
273 — Normal 1.11:1
398 + Normal W/o progeny

JMETEZS 2R No. 3 R ERIN > HERIMETEES K
TEHEIEH o« BT UEREELA4E R - Bt
i A M (S (=) -

-

9 & transformer & % T il 7}
(Tephritidae) ~ 4 £} (Muscidae) K & Gl 7}
(Calliphoridae) 4 il i 55 PR 58 426 P& Jeg 1 e L 0fF
A - HE MR EREEATEER] (Verhulst et al.,
2010) - SEHEAY XX PRRGEEE R4S THY Bdtrd

K Bdtra-2 mRNA 43 Bz TRA 2 TRA-2 E£H -

TR G tra B Z40 - AH5EHY RT-PCR
GE ST R B 2 AR EA Bdtral R
Bdtra-2 1) cDNA > 8Eritt —EFEAY mRNA JFEEH R
1448 - Concha and Scott (2009) AYWF5Et#~-FRE
i (Lucilia cuprina) WIRERGTEARZKE 2 TR EA

~45~

Letrd' > 237 Letra™ B4 @4 &R - B
Bdtra™ £ REMES— M FHHAREE S
TRI& » ATRER Y Bdtra™ AR 52 #4) TRA
0 AEAFEEEEEHERERIIEN
Bditra™ mRNA -

1996 F—{Efr > Y-FEmavEERT M
factor) #58 Ky 0] BE B [t MR AR Ba 0V 3% 5 A
(Willhoeft and Franz, 1996) > {H2 H migy 545 E
B ST PR AR L T ME PR R E R AR HUR A IR RE A &
iy Bdtra' FFI BB R THIREIER © AD7c8
¥ Bdtra {IFRIABATTVZNE 2 (5 SN > BR
H CHBSTT KA Bdtra  ZRERATE T Bdtra #3154
GIHVBRENESE s et 2 1% MEMERRRG B T IEE #5 -
R Bdtra - ERIEEIE MR 1% - (E4) 58
HARR T Bdtra-2 BYFEIR#E% 74N » Bdtra ~ Bddsx
¢ Bdyp1 HIZREIEEA = » R A] B8 R 4h &t ey
M RN BHEE - AR R E R MR —



B=

RTRBEMRIEE Bdtra RNAUSR AL BRI IMETERBRRERET AR ERERBZIINEERRIER BE :

/A5t eGFP dsRNA z No. 3 il 82a95METE=R K455 ; C ~ D [§ : 7258% Bdtra dsRNA 2 No. 7 K& 12 it pi &AM E7E

BRIAER o /\ETERR LUSTRIMETERRERAE A ©

Fig. 3. Testes of males with normal or deformed external genitalia after Bdtra RNAI at pupal stage of Bactrocera dorsalis.
A: normal external genitalia and testes of an untreated male, B: deformed external genitalia and normal testes of
a male treated with eGFP dsRNA, C-D: deformed external genitalia and normal testes of a male treated with

Bdtra dsRNA.
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Fig. 4. Ovaries of females with deformed ovipositors after Bdfra RNAI at pupal stage of Bactrocera dorsalis. A-B: ovaries
of normal females, C-D: ovaries of females with seriously deformed ovipositors, E-J: ovaries of females with

slightly deformed ovipositors.
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ABSTRACT

The oriental fruit fly, Bactrocera dorsalis (Hendel), is one of the most economically
detrimental insect pests in Taiwan. The females puncturing the skin of fruit to deposit eggs
and the larvae feeding in fruit cause severe damage to fruits and lead to huge economic
losses. Because the number of female flies in the field is correlated with the degree of loss,
more knowledge on the sex-determination mechanism would be beneficial to developing
efficient control strategies for the pest. In tephritid flies, the transformer gene (¢ra) is a key
switch in sex determination. To learn more about this process, the relative expression
patterns of sex-related genes, including tra, transformer-2 (tra-2), doublesex (dsx), and yolk
protein gene (Bdypl), in Bactrocera dorsalis were examined at different developmental
stages using reverse transcription polymerase chain reaction. High levels of Bdtra’ observed
in both unfertilized and fertilized eggs were consistent with previous observations that the
female deposits of ¢ra’ mRNA into eggs. During larval and pupal stages, many gender
characteristics are still indefinite and expression levels of these sex-related genes are
relatively low compared with those of adults. After eclosion, the expressions of Bdtra/,
Bddsx’, and Bdypl in females and Bddsx™ in males increase gradually with age. The
phenomena indicate these products are functionally required and critical in downstream sex
differential regulation. Because TRA-2 is present in males and females, its constant
expression in all stages implies it might have other physiological functions in addition to
forming the TRA/TRA-2 complex. For functional analysis, Bdira double-stranded RNA
(dsRNA) covering exon 2 to exon 4 was injected into 68 early pupae. A total of 16 male and
19 female flies eclosed successfully, with a sex ratio close to 1:1 and none of the expected
intersex or XX-reversed males detected. However, eight dsRNA-treated females had
deformed ovipositors, and six of these females laid no eggs. Most of the male adults
possessed normal external genitalia, but a few individuals had no offspring. These results
suggested that timing for conducting RNAi of Bdi¢ra is critical for XX-reversed male
formation and that Bdira silencing in the pupal stage was unable to affect the sex
determination of B. dorsalis.

Key words: Bactrocera dorsalis, transformer gene, sex determination, RNA interference
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