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UERRNEIRNA

AR Exs EswW? OKAE" o x M

(1. FERI R ARG AT, JLa0 1000815 2. =iFHELD R F S8 SRR, = 572024)

B E [H®] dr—FErxd sl dobosi S e MR ik, IR AR DU 3R E IR 1 322850
M M PRl [ Ak ] DAFRIEDTCREE 3 155 i oh 7™ 8 1 RS9 Bactrocera cucurbitae ( Coquillett ),
FEF RS20 Bactrocera tau Walker Flig/N32# Bactrocera dorsalis ( Hendel ) X4, T 3 Fhscigfha)
TEAESRL RN 2 28 EAL B 5 T 7 (mtCO 7 ) LR B FF 25, FIH 3 FPRTIPE N VIR Sap 1 . Bsm [
1 Sac T VIR0 80 22 5 e 1 A AR SRR VI 0205, MRAB VIS mtCO 73[R BEX/INVARTE], Xt 3 Al
HEFT PR ) S 7 U, I — 20 M AR X ok AR 748 11 Ty 7 ISR 2 FoKER 1 21 4 S2imgh
HOREAHATYE  [ G6R ) G Bl s A B U0 0 0 U T — X TINSE |  S7 S SC RIA /1N S 7Y
PCR-RFLP P o3 F U B, NG5 vk 0 FH 1 T (Rl o R e 45 R e ), Wb . e . Wit
DX TS A S0 2 B R g WS SR, TR L TV IR A DX 1 A S R R R ISR, HLJIRSE
W AR AR AP P F B IG, = fEE A R R KR s E B Nk [ g ] A
FFE ST A IS0 | g S0 SR S RS /NS IR S e D i, BRUOR Az i . sy sgm, HEAT(IRRAR |
PR, PR EE A ELF RS, B FRDROR b SRR AR [ SIS A I o AR ) S A AR, T
AESf T2 7T B A 2 1) L B A
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Establishment and application of PCR-RFL P molecular identification
techniquesfor fruit fly pests of melon and fruit
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Abstract [Objectives] A method for rapid identification of fruit flies was developed and applied to identify the dominant
species of these in China. [Methods] Differences in the mitochondrial cytochrome oxidase subunit [ factor (mtCO /) gene
sequences of three fruit fly species; Bactrocera cucurbitae (Coquillett), Bactrocera tau Walker and Bactrocera dorsalis
(Hendel), and differences in mtCO / gene fragment size after enzyme digestion (Sap I, BsmI and Sac 1), allowed these
three species of fruit flies to be rapidly identified. This technique was further applied to the identification of 21 fruit fly larvae
samples from 7 kinds of vegetable and 2 kinds of fruit crops from 7 provinces and 11 cities in China. [Results] Identification
methodology based on PCR-RFLP was successfully established and used to identify sample of fruit fly larvae collected in the

field. The results show that the main fruit fly pest of melons and vegetables in the Hubei, Hunan and Zhejiang regions is B. tau;
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whereas in Guangdong, Guangxi and Hainan the main fruit flies are B. cucurbitae, with some B. tau and B. cucurbitae. The

main fruit fly pest of pitaya and mango crops in Yunnan is B. dorsalis. [Conclusion] The PCR-RFLP method developed for the

identification of B. cucurbitae, B. tau and B. dorsalis is not affected by the developmental stage of fruit flies, and is relatively

inexpensive, efficient, fast and repeatable. It is especially suitable, therefore, for identifying fruit fly larvae. Using this method to

identify samples of larvae from different provinces and cities suggests that B. cucurbitae may be gradually spreading northwards.

Key words Bactrocera cucurbitae (Coquillett); Bactrocera tau Walker; Bactrocera dorsalis (Hendel); mitochondrion;

molecular identification; restriction endonuclease

SCME SR JE T W3 H Diptera £ bg Bl
Tephritidae, &5 % JIURB R FLTHED I —2
FEE R, AR AR E TR B SRS AR ™ iy ok
JRERR . SRR Z, WEE 500 N8
4500 AxFh, Hrhgy 250 Fhscmgae ) gl Ak e ik
AEAERE (WL, 2015; BEEE, 2019 ),
IZEUME R R TR R BT, O P AR
b, DR TR AR, RS i
AR, WA (TEXSE, 1995), IE4ER,
JSCHE Bactrocera cucurbitae ( Coquillett ), B
AR sCi Bactrocera tau Walker F147 /) 32 i
Bactrocera dorsalis ( Hendel ) ¥ a¥ k3% E K
BRI L 3 i RS AL (A
2013, BLEE, 2020 ), 3 FpsCmE A A FEER
FHRL, G xELLX 2y, R & &4, A
I P A T T R IR R AR ( SRS, 2004
VFFEHT %, 2015; Reyard etal., 2021), AN[EFf
RS B ikt R 2
7RO K AR ERE RS AR B 22 R ()i
45, 2019; Huang et al., 2020), #7e HEIBGIG
AR, ORRI RSB iR T AR 2= 5.
U, PR o R S RS, R
WS FE BRI AR A S AR 2 —

5t I, Sl Ui Fh 28 5 B T
TSI AR B HUES | IR B L R A
S BESC LA SSBIKAR | 77 P 5 5T AR 2T 7 43
25 (H¥k, 2010), MMXTTSLHE0N . &) HURIEH 4
E D) BN LR 37 2 A A B R A A S S
X, XFPYEE T IEAMUEI, Bz mARR R
AIRRH (5kE9%E, 2016; Daisuque and Kohlchi,
2020 ), EAFERE, SEMEZSE RPN S E 7
BIENARTT, tERE 7 T F BRI Rk
J& , BR L 1) oA  2E BB T S e i

AP Y e T SR TR 4 BOR s
R REHER T kS, H RGPS
YETITE HANSOIRAA A 2 (BRER PSS, 2014 ),
H A B &P R B B 2 & PE ( Restriction
fragment length polymorphism, RFLP), fijfid
7% ( Simple sequence repeats, SSR ). &l
HEZCR N ( Polymerase chain reaction, PCR)
A HEPLY 1 Z5 1 DNA ( Randomly amplified
polymorphic DNA, RAPD) I ARFIF/ T4 1R
¥ 447k (Loop mediated isothermal amplification,
LAMP ) SEHORTE LM 2E T i /r 2 4 5 vh B U
T —RHNERRIE RS, 2004; RAEZSE, 2005,
Chuaetal., 2010; Rf#{Z%, 2011; Onahetal.,
2015; Sabahi et al., 2018 ), filn, %+ p/K
3 b faE ™ HE AY JRSC M Bactrocera cucurbitae
( Coquillett ), [E PN E A3 b % 7 PCR
( species-specific PCR, SS-PCR), LAMP %55
PO HAA TGRS E (PSS, 2019; BOPRSE,
2020 ); Chua %% (2010 ) FJH PCR-RFLP 4% AR AL
I X o3 A /N SE i i 2 Fh 52 G R A Bk SE i B
carambolae FIAKJNZZHE B. papayae; F #5455
(2009 ) Wi cyt-b, 16SIRNA, Co /[l £ 4y
FhRIC L X 25 R AR XA R 7S S i S
IEGAHEATIX A, IEfE =& A R —PFh . & Fh
U TE BT AR AE— € YL RSB , T
SR, R S HOR B SR R A
T %08 G2 1 FH 36 ‘1) 8 5 AR R PFUn!| S i 8 7
HUFRSE, X R OC FR 3 480 IR P L S S S
WIS M, 41 DNA ZJEMHEA | LAMP 4
ARAE B R A2, (HE5 R 5 1 Bk
PE; LB —AYSEE RO, PCR-RFLP HOARBEHE
AEE PCR FOARBRAERIME . HEESFR A, B
HA RFLP AR . 2805 25 RARXT AT &8 | 45



54 RUIA A IR b 32 SR8 dU PCR-RFLP 431 %8 5 HOR A 7 K ]

+ 1201 -

f6TBH 55 20 BT RS T g b . e e b e i g A4
B EC AR AT, TR I T S U 45 5 R
(BRI EAE, 2014 ),

ST AT 26 PCR-RFLP A 12 1%
T A v, (AR E S R AR A X AN ]
SEWRTEEE 2N W BC A, BEDIRERT R, B
BERR S PE VIR ) G 25 Rk it 2, A5
Xro BRI, A 788 B i E N e s RS
B S ol T R A IS | A ARSI R A
/NS 40y HROXE D DX 5 T IR R, 2t — oS
32 WS A BRI, A T B PR S S SR Y
3Rk, i kX 3 R 4 o X AN ]
2 RS AN R T S, LABH AR IR 1 AR
[vi] dth XA 3 TSR 5% 5 110 3 B S g e 28 % A 3
T, RIS | F AR S AR /N S b Pkt X 4
5 WS PRAE(E , Shy RS ME D 76 S g 28 o 42
HEAR A

1 #MREFEZE

11l RiE

AT ST T FH ) SE B AR AR H 4 R ARl K 2 A
YR B ] A A PR AR AL | AR S e P (DA
A3k A FRERG T 74 11 1 7 FRSER 2 Fhk
b, PARE ISR AR S | A & A R %
HAFE R 1, HEEEARNREENT: —
S F V) B AR ol S A A A R s —
SR E R W2 F R IHITT, JE Bk
UR | 2l RORUE S, REAR BRI T 75%I RS, B
T - 20 CUKEE1RAE -

1.2 HRiEFH

KAPA Express Extract DNA Extraction kit
(kk7103 ) (bt 8-Sl En A= oA R );
2xTaq PCR FIRAF I (KT211) ( RARAALFRL
£ (dest) AFRATE ); DNA Marker 11737515
e (CRIRAEAERHE (dbat) ARAF] ); ddH,0;
BR&ITEPIDIEE Sap T (R0569S) (JbniE R wiA:
PRI A R A ) RGN DI Bsml
(RO134S ) (dbatH RgEYBHCABRA ] );
FRGIPEPRBIEE SacT (R3156S) (JbrH R4

YR A BR A ) Bt (JbaEpt); Hest
552w AL 2= g ) B 51 (
if LCO1490; Fiif HCO2198, T4 WL F3C), ¥
H AR E R A R T A .

1.3 #[H

1.5 mL B4, BFEEE, PCR Y (Bio-Rad
S1000 ), &5.00HL ( Eppendorf 5417R ), /K54 (kb
BN — T ), UK AR EE R R SR

( Bio-Rad ), HRAH Al K E 4 ( SanYo ), T
WA BB ( B EER ), B
( Eppendorf ), #4 /K4 ( ZMQ55VOTI Mini Q ),

1.4 S2HEE DNA BI3REX

%18 De Barro #l Driver ( 1997 ) K Frohlich
(1999 ) ZEHHY AL DNA $2HU s B By i
DNA, JFfmgfEks). K H KAPA Express Extract
DNA Extraction kit ii{7f| &2 DNA, BARN
TR . PR S R AR B A L 2 AN
D T I SRS | AR /NS L R P TR AE AR A
SEREASAREE N 30 H BREUE R S0 b i sk
BUR L ghdREE, B ddH,O THUE, JIUELRE T
HAKEAKDE, A 1.5 mL BE.LEH, N
A—Hi A 2 mm WBFESERFT 60 pL i) DNA 2
BUR AW CRAWNAKRZR A : 1 U/l KAPA
Quick Extract Enzyme 1 uL, 10 X KAPA Quick
Extract Buffer 6 uL, il ddH,O £ &K 60 pL ),
ATV I ZH 2O S A B ( 70 Hz, 60-90 s ),
WS 8 000 rmin~" ZEE B0 1 min, K E iR
A PCRAEH, JA PCR A HEATEEIE S
RN A S 75 CCREAMZM 10 min, 95 °CK
G 5 min, I BT 21 DNA FESAE R 3Bt
Y e SR AP PCR iR, BT - 20 CUKFEK
WA

1.5 DNA RE#N

1138 P54 LCO1490 F1 HCO2198 ek
LAY S REAS DNA B, LASCIEEEAS DNA
JEAREST PCR 974G N, [RNiRRN: BT
H751914% 0.5 uL, DNA ##z 1 pL, 2xEasy Taq
PCR super mix ( RABAEALBHEABRAF] ) 12.5 uL,
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Tablel Sampleinformation of field fruit fliesin this study

o . RAERFE] (4F. =
RAEH Aty AR (1) i
. . Collecting time Developmental
Collecting locations Host plants
(year. month) stage

IR U i ! K 2020.07 41 Ht Larva
Chunhua town, Changsha, Hunan Cucumis sativus
W KD AR g1 2020.07 %1 Larva
Chunhua town, Changsha, Hunan Cucumis melo
ARSI RS PEK 2020.07 41 Larva
Chunhua town, Changsha, Hunan Citrullus lanatus
JUARTT AR 22JI 2020.07 4fj 4 Larva
Huayinlin village, Guangzhou, Guangdong  Luffa cylindrica
T7ART MR b, K 2020.07 44t Larva
Dafeng base in Guangzhou, Guangdong Momordica charantia
JUAR)T MR R N 2020.07 4 Larva
Dafeng base in Guangzhou, Guangdong Cucumis sativus
R = HHR 2020.07 L Adult
Sanya, Hainan Cucumis melo
TR = [iiP) N 2020.11 B /%
Sanya, Hainan Citrullus lanatus Adult/Larva
WL gAe SE9)IN 2020.07 %y H Larva
Jinhua, Zhejiang Momordica charantia
WFIT K T 2020.08 41 Larva
Lishui, Zhejiang Momordica charantia
o ) 2020.08 A Adult
Yunnan Mangifera indica
o KA 5 2020.08 4 Larva
Yunnan Hylocereus undatus 'Foo-Lon'
WAL K 2020.08 U /4
Wuhan, Hubei Momordica charantia Pupa/Larva
0l wl'e R 2020.08 4 Larva
Wuhan, Hubei Cucumis sativus
WAL R BGR I [N 2020.08 #11 Larva
Xinzhou, Wuhan, Hubei Citrullus lanatus
WAL R BGE [E2PLN 2020.08 B/
Xinzhou, Wuhan, Hubei Cucurbita moschata Duch Adult/Larva
AL SR iinN 2020.08 /41
Ezhou, Hubei Cucumis melo Pupa/Larva
AL B B IR 2020.07 05§ /40
Guangxi Academy of Agricultural Sciences ~Momordica charantia Pupa/Larva
JUPEREE TN EEIX IR 2020.08 B/ 40
Xingbin district, Laibin city, Guangxi Cucumis melo Pupa/Larva
JIRETMNEX [N 2020.08 %1 Larva
Xingbin district, Laibin city, Guangxi Citrullus lanatus
JEE AT X T 2020.08 i /4
Tianyang district, Baise city, Guangxi Momordica charantia Pupa/Larva
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Jn ddH,0 2 EAR 25 pl; WM HR: 95 °C
5min; 95 °C 30s, 52 °C 30s, 72 °C 1 min,
35 MIER, e 72 °CHEfH 10 min, 4351 H 5 uL
PCR J*WITE AR IR 1.5% 1) BB B e e
ALk _EHL K 25 min( 150 V), fifi ] DNA Marker 1
SR 2% BRI LA 53 B AUk T2
Y W NG AR R B, FadR It id sk 4
T RS 4 LCO1490 1 HCO2198 HYFF 4143
A

LCO1490: 5'-GGTCAACAAATCATAAAGA-
TATTG-3'

HCO2198: 5'-TAAACTTCAGGGTGACCAA-
AAAATCA-3'

1.6 PCR F=#flFs B FF 5 tb Xt Fn 43 4

BEATL Pk 36 22 FL KA ) TN SIZ 0 | i IV S S
g /NILEbR A2 20 H (H3F 60 H) 7 PCR
PR AT AL Y, SRIG DL Bioedit 7.0 3
79 8 & 4031, DL ClustalX 2.1 Multiple
Alignment #17X 55403, %55 NCBI (http:/
www.Ncbi.nlm.Nih.Gov ) #1 BOLD ( http://www.
Barcodinglife.com) A iy 25 A5 E 48 e v 2 Y
JRSEHE A PSR S AR /NS CO P i AT
X531

1.7 PRI R EIEE G E

HRAE EARARAI P A5 5, 3 BURSEME | R
VS S FNA /NS4S 20 SR F8113E 60 2574,
i NDAMAN X % 5% )5 41 4 7 B ] 1k il U 6 ekt
GYHT, BRI PE R DI RS, SEA TR
VKA, 0 2 MDD A0 A PR — P R S 1 PR ) 2 P
I

1.8 BEEYIR A

By B2 CO /LA A B Sap |
( WY1 5 GCTCTTCN/ ). Bsm1 ( I A5
GAATGCN/ ), Sacl (E§VIfi s GAGCT/C) 3
A R] (0 PR P9 VD R AT Y, DDA R
10xBuffer 1 pL, FR&IPEANDIEE 0.1 uL, PCR ™
Y3 uL, M ddH,0 #M5FEBMAER 10 pl; Sap |
Ml Sac T 7E 37 CAMTHEY] 1.5 h, Bsml 7£

65 CAMFTEEY] 1.5 h, BEUIE R EER HL UK
P K A R V) 7= ) P BER VDN, b i DX 73 52
Mk

1.9 HEKEREREIERE

FEI ) SIC i AR AR 24 S AR A AN (] b XAS [R) 27 32
SR RE S BEALBEE 30 H, R H
PCR-RFLP %7 H kil AT %, For i N4
FEL VARSI 68 5 I R S R BE ALK E 5 AR
DNA #3419 PCR j=¥itA74lifb . )3 5iEi% 7
TR E

2 GBRE59H
21 DNA RE#RMZER

SHEEUA 520 DNA g E T, 45 5%
B, 3 FhaCig DNA HJRED 48 H— S 1 M s — 11
Hbrscr, KEFE 700bp (K1),

B 1 37348 DNA RERNEXE
Fig.1 DNA electrophoresisimages of three fruit flies

M2: DNA S Fapnifi Il 1, 2: JRSE0E;
3, 4: MMEARSCHE; 5, 6. HE/NLHE, TEIRF,
M2: DNA ladder maker 1l ; 1, 2: Bactrocera cucurbitae;

3, 4: Bactrocera tau; 5, 6: Bactrocera dorsalis.
The same below.

2.2 PCR =¥lfF B F3LL 3t fn 447

XTI S DNA 4734 19 PCR 7 # 4 7i
JP OB XA, 45RO, JNSEME . B
SRS AR /NSRRI R BER /N 679, 672
F1 682 bp, s B 5 NCBI ( http//www.Ncbi.
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NIm.Nih.gov )Jfl BOLD( http://www.Barcodinglife.
com ) A= iy SR A A 2 v 2 KA X ) [ e 552
MR CO TP HN AT XS 438, S5 53R 3 ARk
i 55 2 v [ S e 1) [ PR PR TE 99% LA E

23 RREEANVIEEFIESR
AR PR o] 1 il U0 7 a5 b g DDA S PR3 2 M

UL, UREEH 3 FPBR M YDA T X 4RSS
WL RS SRR NIk 3 RhacER, Sy 5h
Sap 1 (F§YIfZA GCTCTTCN/), Bsm1 (i)
7 55 GAATGCN/ ). Sac I ( itz 55 GAGCT/C ).
HR A B DA IS 43 Hr , A5 AN [) S5 g e AN [
REL 1 14 P D it it VT /5 T 75 1) DNAL - BRI
(£2)

%2 3FhECEE mtCO / FHIHEEYIE R
Table2 Resultsof enzyme digestion of mtCO 7 sequences of three fruit flies

SEAERRE figt) i Bt K/ (bp ) Digested fragment size (bp)
Species of fruit fly Sap I GCTCTTCN/ Bsm1 GAATGCN/ Sac I GAGCT/C
I
IR0 , _ ~550, ~150 450, ~250 ~700
Bactrocera cucurbitae (Coquillett)
R R ~550, ~150 ~700 ~700
Bactrocera tau Walker
/ST ~700 ~700 450, ~250

Bactrocera dorsalis (Hendel)

24 RREERVIEEEETISR

R IS A 44 g ot 17 57 4 B ity DA X 1 i
BT, 255 0 — R N D AS B 3 b g
IR IX A3 TF (2 )0 AR IR i P9 b it s 1k 245
S, gk o R R dIE I VIR Sap T . Bsm 1
Al Sac T % JINSZHE | g IV SR S A /NS g 3 Fh
PRASSZIE DNA 734 (1) PCR =B, 45 5%
FMH Sap [ A 3 Rl sroh 2 25, A3l B

150

2 Sap | EVIAREILHEER mtCO 7
PCR =¥ ISR IE ¥E B R FB ik B
Fig.2 mtCO / PCR-RFLP pattern of threefruit
flieswith Sap I digestion

PRFRAS [) 28700 1) L Dk BT , 37— SN SIE e T
SRS D) I R SR 2028 550 bp FT 150 bp
TR S5, 5 e /N SE N RERE Sap T BT,
FRIE 25717 R 29 700 bp 247 (1 2); Bsml
ALK NS RERG YT, BED) SRR A% 208 450 bp
F1 250 bp BYWE R, 17T A VSR SR AR /N S
& Bsm [ FFUINLE, ANREBEEVITE, FRAF4&
W2 700 bp ZEAT I —sksear (B 3), Bl 3 3%
B, Bsm [ Al JIC S b T g SV 2R S X 20T 5

M2 1 2 3 4 5 6

bp
700

450
250

B3 BsmIE{IAREZEER mtCO J
PCR 7= [5 35 A5 ¥ 52 A FE ik [ 1
Fig. 3 mtCO / PCR-RFLP pattern of threefruit
flieswith Bsm I digestion
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Sac | Al AG /NS EGUI T, WV IS RRAE 457 2
1 450 bp 1 250 bp (P24, 1Ml JRSEHE I RS T
AW NRERE Sac [ [iFY), FEEZRATZ9R 700 bp
LA —%sad (K 4),

2 3 4 5 6

M2 1

B 4 Sacl EgYIAELERH) mtCO
PCR =4 ISR IE ¥E L R BB ik B
Fig.4 mtCO / PCR-RFLP pattern of threefruit
flieswith Sac I digestion

25 PCR-RFLP ¥E/FZEREST

WAELL Egs S, dar — B X 40 I SE b |
B WS A /N SE R Y PCR-RFLP %56 5 s .

BELRM R LR 50 XFF )RS | & A=l ok
IS B L) DNA, 45k HE RS )
LCO1490 il HCO2198 #1T PCR "1, SRJ5H]
FABE SN YIEG Sap T @Y1, JFAR¥E Sap 1 Y]
1) L UK L 4 SR R B T — 2D il U BT R 1 PR A
WG ; A rT8% Sap T EGDIFF, J0IR I RR il 14
VIT Bsm 1 47— PRI %2, # AT 9% Bsm [
I, SR IS0, 5 A B 1) D0) Sy g I SR S i 5
#HAHewE Sap [ gUIFF, WIRH Sac T XA/
WA THE— D BAIE, AT 8% Sac T BEYIFI A i
IINSZ

26 HEXBEHEESR

H4E R EE 7 1Y PCR-RFLP %8 ik, X%
AE [ i) F (] S R A TSR 0 o S e 5 SRR
(R 3), 2020 4R AR KA K, K,
PO, Wit aAEmmK K, T o8 F e
JI, EAAE DAY AT, DLGHT N X Y 75 TR
FTH A SR A= e 3 1) S Fh 22w
WAzl ORISR, IR, IR, R =
ST IR PRI, T P9 RS T A9 I L ™
J[ER A PRSP B = KT N i
6B I ) R R L 3 A T 10 S0, 2 R R

HIR]SC A
Sample of field fruit flies

v

DNA extracting

DNAE

v

CO I 2K Jr Bt PCRY 3
CO I gene fragment was amplified by PCR

Bactrocera cucurbitae

Bactrocera tau

Sap 1 B
y Sap I enzyme digestion
1 , Uncut
JIR SRR 7 SR S0 /NSl
Bactrocera cucurbitae and Bactroceratau Bactrocera dorsalis
Bsm 1 W Sac 1 EFYITT
vBsm 1 enzyme digestion Sa%il enzyme
HIH v gestion
YIIF Cut A
| g7t Cu , Uncut 1% /NS HE
JRSCHE B S Bactrocera dorsalis

5 HERMEWBHLLEERSREE

Fig.5 Simpleflowchart of identification of unknown fruit fliesin thefield
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Table3 Identification results of field fruit flies
- N WL - N W
RS wapy | HEER R 2 A MR
Collecting locations ~ Host plants enr;sllfli ton Collecting locations Host plants Identification result
W VDA R HK RIS ] payi) KR /N2
Chunhua town, Cucumis Bactroceratau | Yunnan Hylocereus Bactrocera dorsalis
Changsha, Hunan sativus undatus ‘ Foo-Lon’
WRIKDHER AR R | R B R S
Chunhua town, Cucumis melo Bactroceratau | Wuhan, Hubei Momordica Bactrocera tau
Changsha, Hunan charantia
MHRDRER R MR | LR #R HA I S 93
Chunhua town, Citrullus Bactroceratau | Wuhan, Hubei Cucumis sativus  Bactrocera tau
Changsha, Hunan lanatus
IR M AR 22 ) JISE g WAL B DUH [N R
huayinlin village, Luffa Bactrocera Xinzhou, Wuhan, Citrullus lanatus Bactrocera tau
Guangzhou, Guangdong cylindrica  cucurbitae Hubei
TR WK IS i il A E T [E2PLN 30%F LR, 70%JK
Dafeng base in Momordica Bactrocera Xinzhou, Wuhan, Cucurbita S
Guangzhou, Guangdong charantia cucurbitae Hubei moschata Duch 309, Bactrocera tau,
70% Bactrocera
cucurbitae
JUAR)T MR A A K IS i WL SR TR [FERIA SR ]
Dafeng base in Cucumis Bactrocera Ezhou, Hubei Cucumis melo Bactrocera tau
Guangzhou, Guangdong sativus cucurbitae
T =1F K JRSE IR K IS i
Sanya, Hainan Cucumis melo Bactrocera Guangxi Academy of Momordica Bactrocera cucurbitae
cucurbitae Agricultural Sciences charantia
i L JRSH JIRFEDNEK FR CYRIH I 4G, 94%)T
Sanya, Hainan Citrullus Bactrocera Xingbin district, Cucumis melo S
lanatus cucurbitae Laibin city, Guangxi 6% Bactrocera tau, 94%
Bactrocera cucurbitae
WL R FOEARIHE | TPOREIDSEX PER S57%R RS0, 43%
Jinhua, Zhejiang Momordica Bactroceratau | Xingbin district, Citrullus lanatus 5z
charantia Laibin city, Guangxi 57% Bactrocera tau,
43% Bactrocera
cucurbitae
I RANITEIN K [RIR SN ] SR E AT HEX K eI
Lishui, Zhejiang Momordica Bactroceratau | Tianyang district, ~Momordica Bactrocera tau
charantia Baise city, Guangxi charantia
=H TR /NS0
Yunnan Mangifera  Bactrocera
indica dorsalis

SERRANN LR TR A A AR, Hrh At sRDOE I R K
)P R A N L i O™ S A S A A
Fb R ISR, 431 o5 S ke AR 1) 70% 1 94%., |
VORI PG b SE g pI 38Ry e TSR S0, (5 L
H57% o 2 B W KO SR AR S AP R E R
/NS . RS L AL WIICE B R A E
SR R TR R WS, VG TR IR

P A S TS
3 itig

KT EMMAER 3 REHAR, DT RE
MIRFFEHGE o it , JRScle | A/ hscie . HARSE
I Zeugodacus scutellatus, = & AEIE S2i8 Dacus
trimacula., #5/NSEliggl d K AR A ) DNA 2%
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AR RBIEAR (ZIAE 20115 XIMEESE, 2012;
FEFHVRAF, 2014; AT, 2019); 6 FPRSClE
J& H LS R4S S0 RAPD R ( gk Figk
e, 2007 ); HuAFIRESTEE TS0 R /NS e I
T SSR FHI MR S EG ) PCR BEAR( T EUBAE,
2018 ); Hbrb by S FIE TR IR 5519 LAMP £K
(Huang et al., 2009; Sabahi et al., 2018 );
r Vg Sz g R 40 34 B S 0E Ceratitis rosa i AFLP
A (Kakouli et al., 2001 ); b iy s & How
Fofr o A /NS R A A A A 32 RS B S S R B
(23095, 2008 ), XL/ % BRI 8
P, (HA —EMJRRRTE. DNA FEMEA
B SEIG:8  5 H BRABCBH M , X b A L e A 4
—hrifE (XIEAE, 2012); RAPD $i AR PCR AR
R SAFMELL S H5E , 5y 5254 DNA | Taq DNA
RAMER RN T, B AR5 5
S R JG (BRIAMESE, 2014); SSR FHAR
5 RAPD iE—#f, J O 20,5 52 3145 Fh R R
S, ASFEIF RS S, Bl R
A%, AFIF HE R ARFEEA (RS,
2014); LAMP (A TREE S, —BHEARS
TG g, B PR ) B e, B
TFESR bR ( EEARSE, 2006; Huangetal.,
2009 ); AFLP 74T AR . XTHEA DNA Jig i %
KA, WARYL A BER 1 AFLP i BUA IR A
(BREATESE, 2014); PG B HAR S eREr
MRS et B A 4%, BERRIE B FhRic 3
BERIME (XIESE, 20125 PRERTESS, 2014 ); RFLP
fitg )7 55 I HL 2225, BIR il 1 P D AR S PR ok
m CBRIFESE, 2014 ),

BEE > FAE A H AR B LR, 3T R G HhE
NP1 DNA F B B A BEK B 2251k
H AR (PCR-RFLP AR ) fE R SEia2e s disr+ 4
EHARZ—, BROgai N Zus. g, A1
2002 4% H A2 5 i A ] PCR-RFLP $ AX K
HIXE ULAY 18 FhSCIgiEAT T 0B % ( Muraji
and Nakahara, 2002 ); Shigehito %5 ( 2008 ) £l FH
PCR-RFLP 45 ARG I ARG /)N S g e 70 =2 [1) 35 4% A8
5t AHSE H A 2E# FFH PCR-RFLP $ AR % 5 S0
AT 2RI IR 2 (2 pl). BRVARR

AR (10 mL ), BAFIXIE R . BEDIE R 3K
(2h), BEHVKEEILE (2 h), BED)JS LK
FIE R IE ST 2 A G A B 45 5% ( Muraji and
Nakahara, 2002 ), [EPH2HE ZAEHSE (2004 )
158 2 g1l K 2 PRI A IR MEST Fi
DRA , it PCR-RFLP J5 5% 5E T A%/ INSEi |
JNSCE | NS | AR EL S0l | BRI 221
SEIE 6 PR RE S (H R TS R X 51 4 [
WA T 3G, PIRREEFE X PCR F=9 it TV
WeE B TR TR, ) RN RERT
B (2-3h), EFUIL, ARBFFEE T E MR
S b kA A A k™ B ) JINSE S | R R S A
A7 /NS P 4y HEOHE LA X3 S I [, ST T —
EAZ R RS RE, BRAER R PR
PCR-RFLP P sy F 4 HiAR, Iz H bk Xt
IR E R EB o M X AN 7] 27 32 b A S e A 2R kA 7
Y

T o R S e R B A P T, AR AR
YA R BN 5540, Db S AT, ST —Fi Ik
JRAKY . ANz R BCSRR S, RSP . sk,
ERRTRUN R TR b £ 8 3 RS 5 3 Fl (R
SR L ISR S FAE /NS B ) ) PCR-RFLP
T UEHAR, fE—EBE FiRAhaT AR AR
S ARBFSY 57 19 PCR-RELP 5 R & Je b il fir
TR DD (0.1 pL ), BV R A R
/N (10 uL ), M—rEREJE LR T AAS ;. Hont
DNA $2EU7H: | A a) e s v Sk Aisf 1] 258 08
774k, DNA #2H 20 min, FEYIEFE] 1.5 h,
eI LK) 25 min, %8 A i A) 0, ] i
T REASEATYE 5 s BLAM R A W EE I N Y I
DNA F BCRAERGI1YIRT, $em T 0%,
B U e R R S5 R 25T, GRS X 4y, W]
FH A R G I FH ) A 1 S A AR o (HU %0 T
FETESRBE, 100, AHESE ik HBE Ak R A 4
JINS | R SR SR R AR /NS . R, TR
HIFEARTGEMNATEL MV AEE , — TS ey
ARG ffE, o — g TR, e T
YA Wa, AMVIRT DNA WER R, W]
REFETE PCR AR VISE S, 4k i 2 PCR
FEYIH) mtDNA CO 7 5& K A BT %58 45 S 1 il
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T

AT PCR-RFLP H5 A X 30 [ B 5 &%
3 DA ) 25 2 ) SR AP b A T 2 0 o AT 2
YRR, HISEELERERI A EEN, K,
PO, BN 22 R4S R RG S B TR SE e, X
AR AR, X —IRAFA REHSE (2004 )
R i 1) TS s 0 g I S SR A7 7R A T S
%o HWR, MWHEGESRE, EEWIL. #IE .
YT S8 L DX TSR ) S0 = e g U SR S 5 5
FUIR TV TR R A XN A S IS
W, 2o P b XS I R P R A ) S g T
15/ NS0 L HEARGE L FLAE 2008 4FFL A5 2008 )
LT CLIM-EX il DIVA-GIS #{E0F5% T RS
WS RV M B A, 45 R SR WIFRIE 34.7°-18.1°N,
97.5°-122.6°E Ju I IK 19 N8 (T, HIAX)
S NS TR TE B IR 3 A X, PR T
MR . RS, RS, BISVEAS. Ui
oA AR X, VOPE . IR . SR B, b
U0 N I 17 /= SN [P R A I NN 7S N
| AN 5 Vi = I B 70 432 A e e (5 e
ARWFFEHRT R TP W I S e A R 5 LA
XHAE (2008 ) X B 4E (2019 ) BFFT 25 SR —3K .
BEAR, AR P[] S 08 26 245 1 Wl i L i DUHT
DR R I 38 A 5 1 ST, i e I S S IR
SEMEIR A KA, SEMBLIARR S INSC g (29 4 Bk
AR 70% )o RIL, SN A Sk SIS M A 5
RS A XY G, XS5EaE%
(2019 )AFFT 25 AR R] 5T 2 B AE 2014-2017
AEAE ] g i 21 A0 4 BH M X 354 IS g ok A=
2015 4F-F1 2016 454351 I g HH S b DX A 405 P A
ZR 0 b DX 1 B UK SIS (R %8 2018
AEAE T R e LR Y e BHA AT & BRUTCSE i ( B4T
EAE, 2019), i, el IS g A7 2 8 g Ay
FR R, EE LT ISR DX N7 fin i Xof JI S
A TAE, JUHDE R RAbER T AR T
P, DMEHE R % 30 HU R R ORI E Bl iR i it
TR, DA A

SEZXHk (References)

Ao GF, Lin J, Liu XX, Ji QE, 2019. Advances in research on

insecticide resistance in the Tephritidae. Chinese Journal of

Applied Entomology, 56(3): 401-415. [KUE S, M, XIHEE,
FIE M, 2019, LR RUPTEGVERT TR R N B AR,
56(3): 401-415.]

Chen SP, Huang Z, Guo QX, Liu CM, 2014. The research progress
of the molecular identification of fruit fly. Journal of Biosafety,
23(3): 151-155. [FRERME, ¥4, MBEE, XKW, 2014, 5
WA MU TUSERTFIE R, LR T2, 23(3): 151-155.]

Chua TH, Chong YV, Lim SH, 2010. Species determination of
Malaysian bactrocera pests using PCR-RFLP analyses (Diptera:
Tephritidae). Pest Manag. Sci., 66(4): 379-384.

Daisuque K, Kohlchi T, 2020. Simple and on site DNA purification
for LAMP reaction applicable to non-adult tephritid fruit fly
(Diptera: Tephiritidae). J. Appl. Entomol., 144(9): 824-829.

De Barro PJ, Driver F, 1997. Use of RAPD PCR to distinguish the B
biotype from other biotypes of Bemisia tabaci (Gennadius)
(Hemiptera: Aleyrodidae). Aust. J. Entomol., 36(2): 149-152.

Ding SM, Wang SP, He K, Li F, Jiang MX, 2018. PCR-based
identification of fruit-flies using specific SSR sequences.
Chinese Journal of Applied Entomology, 55 (3): 759-765. [T /&
i, AT, B T EUIE, 2018, BT AR R R
SSR JFFIRSE PCR METT#k. MR H2AHH, 55 3):
759-765.]

Gong XZ, Nopparat B, Lu HL, Li ZH, Zhang JC, 2014. Research on
using DNA barcode technology to identify the intercepted
Bactrocera Cucurbitae larvae. Plant Quarantine, 28(1): 57-60.
[32757¢, Buahom Nopparat, f5EMK, 257540, 5KFE W), 2014,
I DNA ST A H A SR RS2 hg 4l e i 4 5. A
$E, 28(1): 57-60.]

Frohlich DR, Torres-Jerez 1, Bedford ID, Markham PG, Brown JK,
1999. A phylogeographical analysis of the Bemisia tabaci species
complex based on mitochondrial DNA markers. Mol. Ecol.,
8(10): 1683-1691.

He C, Kong Q, Yuan SY, Shen DR, Xie K, Wang ZM, 2019.
Oviposition preference and offspring performance of Bactrocera
tau and Bactrocera cucurbitae (Coquillett) (Diptera: Tephritidae)
on six host fuits. Journal of Environmental Entomology, 41(2):
316-322. [fiidl, fLIF, ks, WBR, WE, T~EH, 2019.
6 FhAF 3R SR B IS AN 2 7 B e M AU B Y
. FRETR RAAA, 41(2): 316-322]

Huang CG, Hsu JC, Haymer DS, Lin GC, Wu WJ, 2009. Rapid
identification of the mediterranean fruit fly (Diptera: Tephritidae)
by loop-mediated isothermal amplification. Journal of Economic
Entomology, 102(3): 1239-1246.

Huang Y, Gu X, Peng X, Tao M, Chen G, Zhang X, 2020. Effect of
short-term high-temperatures on the growth, development and

reproduction in the fruit fly, Bactrocera tau (Diptera:



54 S A IR I EBESRZE i PCR-RFLP 43 %558 BRI # 57 Kby T - 1209 -

Tephritidae). Sci. Rep., 10(1): 6418.

Huang Z, 2010. Morphological identification, artificial diet,
suitability analysis and prediction, qualitative and quantitative
risk analysis of important Bactrocera species. Master dissertation.
Hainan: Hainan University. (B4R, 2010. SRSTHEE HZEFp 1Y%
FE . N TR ik PEFTOMRIRUBS: 534, AR 1208 S
R ‘?ﬁﬁk‘?ﬁ-]

Huang Z, Guo QX, Chen SP, 2020. Rapid identification of
Bactrocera cucurbitae (Coquillett) (Coquillett) by using
species-specific PCR technique. Journal of Anhui Agricultural
Sciences, 48(6): 83-86, 96. [Hiflz, ZBHHE, PRERME, 2020. N
F SS-PCR ARV R E 5 | Wy P e RS2, 2Rk
v BlEE, 48(6): 83-86, 96.]

Jiang F, 2015. Technique system for molecular identification of
quarantine fruit flies in china. Doctoral dissertation. Beijing:
China Agricultural University. [Z20/, 2015. & 58 4 5008 5
FURERARRROBI. W08 dbat: ERR
2%

Jiang F, Liu JQ, Li ZH, Wu JJ, Zhao S, 2011. Molecular
identification of fruit fly larvae by DNA barcodes. Plant
Protection, 37(4): 150-153. [, XM, Z=ker, RAEH,
B, 2011, JET DNA FIERSAYT PG i b 24l 14
SERFSE. MR, 37(4): 150-153.]

Kakouli DT, Casey DG, Burnell AM, 2001. Development of a
diagnostic DNA probe for the fruit flies Ceratitis capitata and
Ceratitis rosa (Diptera: Tephritidae) using amplified fragment-
length polymorphism. Journal of Economic Entomology, 94(4):
989-997.

Kong LB, Lin W, Li ZH, Wan FH, Wang ZL, Huang GS, 2008.
Predication of potential geographic distribution of melon fruit fly
based on CLIMEX and DIVA-GIS. Journal of Plant Protection,
35(2): 149-154. [fLAk, MM, Z=aker, Tiil, £208, &
SEHE, 2008. JEF CLIMEX M1 DIVA-GIS FJIS2UE I 7E #1515
T, AL 2R, 35(2): 149-154.]

Li WF, 2008. Establishment and Application of gene chip for
Ceratitis capitata, and its related species and Bactrocera dorsalis
complex (Diptera:Tephritidae). Master dissertation. Hunan:
Hunan Normal University. [253C3%, 2018. i sz i Har
SRR /NTZ IR A5 b B R e AT B B . A2
SCOWEE: IR

Liu SS, Zhang GF, Wu Q, Zhang AB, Wang JJ, Wan FH, 2012.
Establishment and application of DNA barcoding technology for
identification of the immatures and adult debris of Bactrocera
dorsalis(Hendel)(Diptera: Tephritidae). Acta Entomologica Sinica,
55(3): 336-343. [XIMHE, sKEEDY, W, sKEL, FHZE 7T

Trif, 2012. FE/NSHAhR S Bk R DNA 25 R%
RYEE SN, B H2EHR, 55(3): 336-343.]
Liu SS, 2012. Identification of major Tephritid fruit fly pests basad

/\)JIJ&*

on DNA barcoding. Master dissertation. Sichuan: Southwest
University. [XIHE, 2012. DNA KIS AT £ B E
B p gRi AL TEn: PE R R

Liu Y, Huang WK, Wu QX, Wang S, Huang GS, Ye QH, Luo F,
Wang SL, Kong XY, 2019. Studies on identification of dominant
species of fruit flies on cucubitplants and effects of different
trapping treatments in Sanya. China Cucurbits and Vegetables,
32(12): 27-30. [XN5, BOfhiRE, Rupd, £k, BER, iHH

. B, TR, LY, 2019, = JRZEAEY St
FhIL N B IS A B ROR. h EDIREE, 32(12): 27-30.]

Ma XL, Li ZH, Hu XN, Wu JJ, 2013. The assessment of the
economic losses caused by Bactrocera dorsalis, B. cucurbitae
and B. tau to Guangdong province. Plant Quarantine, 27(3):
50-56. [EhXeH, ARLL, WASAAE, SRAEHL, 2013, HE/NSCHE
IS I SR SE RS T 7R A8 1 I R B R PT A G
¥, 27(3): 50-56.]

Mao HY, Ding HF, Jiao YJ, Huang H, Han SP, 2020. The monitoring
of population dynamics of Zeugodacus tau in Henan from 2013
to 2017. Plant Quarantine, 34(1): 82-84. [B4LE, T4k,
K, A, BEHET, 2020. 2013—2017 4F] HE 4 e T 5904
FIEEEHZS WM. AHYRITE, 34 (1): 82-84.]

Mao HY, Zhao Y, Ding HF, Jiao YJ, Sun GQ, Lu CX, Han SP, 2019.
Monitoring on the population dynamics of major fruit flies in
Henan province. China Plant Protection, 39(11): 77-83. [B4LE,
A, THREE, SR, FMENR, R, P, 2019, MR
B HE SRS M. h ER AR, 39(11): 77-83.]

Muraji M, Nakahara S, 2002. Discrimination among pest species of
Bactrocera (Diptera: Tephritidae) based on PCR-RFLP of the
mitochondrial DNA. Appl. Entomol. Zool., 37(3): 437-446.

Onah IE, Eyo JE, Taylor D, 2015. Molecular identification of
tephritid fruit flies (Diptera: Tephritidae) infesting sweet oranges
in Nsukka agro-ecological zone, Nigeria, based on PCR-RFLP of
COl gene and DNA barcoding. Afr. Entomol., 23(2): 342-347.

Reyard M, Casper N, Gerald C, Frank C, 2021. Overview of oriental
fruit fly, Bactrocera dorsalis (Hendel) (Diptera: Tephritidae) in
Africa: From invasion, bio-ecology to sustainable management.
Crop Prot., 141: 105492.

Sabahi S, Fekrat L, Zakiaghl M, Moravej GH, 2018. Loop-mediated
isothermal amplification combined with PCR for rapid
identification of the ethiopian fruit fly (Diptera: Tephritidae).
Neotrop. Entomoal., 47(1): 96-105.

Shigehito N, Yoshikazu K, Masahiko M, 2008. Genetic variations



- 1210 - o B 3244 Chinese Journal of Applied Entomology 58 &

among and within populations of the oriental fruit fly,

Bactrocera dorsalis (Diptera: Tephritidae), detected by
PCR-RFLP of the mitochondrial control region. Applied
Entomology and Zoology, 43(3): 457-465.

Wang H, Zhou LB, Li Q, 2009. Identification on the suspicijous
specjes of Bactrocera tau by molecular biological menthod.
Plant Quarantine, 23(4): 17-19. [F#, J&J1 15, ZE5&, 2009.
7 FH 53 5 L W 2 R M TE T R SR A BE R A AR,
23(4): 17-19.]

Wang XJ, 1995. Bactrocera (Diptera: Tephritidae) pest of
impartment fruit and vegetable. Plant Quarantine, 9(1): 20-30.
(6%, 1995, EECRGHRA FIMMEOUAH . SLiEf).
FMITE, 9(1): 20-30.]

Wang ZL, Liu YH, Li XZ, Liu MS, Pei MY, 2006. Application of
molecular biological techniques in insect phylogeny of the
family Tephritidae. Chinese Bulletin of Entomology, 43(5):
603-607. [ LR, XIMRLL, 2/, XIWI2E, &M%, 2006.
I3 T A E BN RO H S R R G R TR v
EL VAT, 43(5): 603-607.]

Wu JJ, Hu XN, Zhao JP, Liang F, Liang GQ, 2005. Rapid
identification among 9 species of quarantine fruit flies (Diptera:
Tephritidae) by PCR-RFLP. Plant Quarantine, 19(1): 2-6. [%4E
L, WIEME, RGNS, B, BTH, 2005, 9 FhAGE SR
PCR-RFLP RS EWTT. HPIKILEE, 19(1): 2-6.]

Wu JJ, Liang F, Hu XN, Zhao JP, Liang GQ, 2004. A study on quick
discrimonation among 6 species of fruit flies (Tephritidae:

Bactrocera) in south china based on PCR-RFLP. Journal of

Jiangxi Agricultural University (Natural Sciences Edition), 26(5):

770-773. [RAEE, PR, WHNORE, XM, B8, 2004, 3
R WA 6 Fh3EBS0ME PCR-RFLP Pudi e fss. 717G
AR 22 (F SRR IR), 26(5): 770-773.]

Xu HY, He YB, Zhan RL, Zhao YL, Li GP, Chang JM, 2015.
Overview of fruit fly (Diptera: Tephritidae) in south China.
Chinese Journal of Tropical Agriculture, 35(3): 62-69, 76. [I/48
i, IR, FEfRAR, B e, BE, e, 2015 RER

Ty S AR, AR B, 35(3): 62-69, 76.]

Yu DJ, Deng ZP, Cheng ZL, Jiao Y, Zhang GM, Kang L, Yang WD,
Jin XZ, 2004. Method of the polymerase chain reaction for
quarantine and identification of Bactrocera correcta, Plant
Quarantine, 18(2): 73-76. [ARiE &, XFHF, BRaksd, &8, &
FEWL, B, AR, 4L, 2004, PCR IAHE % AW
SEU. FEYIRERE, 18(2): 73-76.]

Yu DY, Yao JA, Hu JF, Huang P, Fang DL, Chen F, 2011. Genomic
DNA extraction of three kinds of fruit flies and their ISSR-PCR
reaction system establishment. Journal of Agronomy, 1(5): 22-28.
[RTEIC, WeiRE, WIdbee, JEMG, Jr R, BRI, 2011, 3 Fhst
WAFE R 24 DNA $25U ISSR-PCR WK R UHEST. R2E2E4R,
1(5): 22-28.]

Zhang H, Ma J, He HL, Lin JT, 2016. Research progress in methods
for classification and identification of invasive tephritids insects.
Journal of Huazhong Agricultural University, 35(4) : 136-144.
[5kAS, Dhig, BUAER, PRI, 2016, AfHPESENE%EE /Y2y
LIRS IEE. ferp Rl R¥54], 35(4): 136-144.]

Zhang L, Zhang ZY, 2007. Random amplified polymorphic DNA
identification of six Bactrocera (Diptera: Tephritidae) species in
Yunnan province of southwest China. Chinese Journal of
Applied Ecology, 18(5): 1165-1168. [3k3%, KA, 2007. =F5
AN SR RAPD P M . N AR A SR A, 18(5):
1165-1168.]

Zhao Y, Han SQ, Ding HF, Mao HY, Wang Z, Liu JP, Zhang JY, Li
ZH, 2019. Molecular identification of important fruit flies
collected in summer in Henan province by DNA barcoding.
China Plant Protection, 39(5): 11-14. [ %, HF, T48%%,
BLE, TR, XEF, k&5, FHL, 2019, 5T DNA &
TR E AR B R4S B e E S E . hER RS
F,39 (5): 11-14.]

Zhong Y, Huang SP, Li YR, Ma FH, Liang K, Lan YW, He CW,
2019. Establishment of a visual LAMP for the rapid detection of
Bactrocera cucurbitae (Zeugodacus). Plant Quarantine, 33(1):
35-38. [BhHE, MR, FoRK, DK, IR, EWSC MR
5, 2019. JRIBEATHAL LAMP PRI 7 2. AR,
33(1): 35-38.]



