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Abstract: Many species in the family Tephritidae are quarantine pests worldwide. Usually, identification
of the tephritid fruit flies is mainly based on external morphological characteristics of adults. In this
research, the immatures (including egg, larva and pupa) and adult debris (including leg, wing, head,
thorax and abdomen ) of Bactrocera dorsalis ( Hendel) were used to develop a rapid identification
technique for tephritid fruit flies based on DNA barcoding technology. The other four tephritid fruit fly
species, i. e., B. correcta, B. cucurbitae, B. tau and B. minax, were used to verify the feasibility of the
fruit fly identification technique developed. The results showed that the nucleotide sequence identity of
the partial CO [ gene between the immatures or adult debris of B. dorsalis and the target gene from
GenBank database is 99. 51% - 99. 84% , while between other four tephritid fruit fly species and the
target gene from GenBank database it is 100% , 100% , 99.81% - 99. 83% and 100% , respectively.
Neighbor-joining tree was established based on the analysis of CO [ gene sequences. The target species

and the corresponding species in the database cluster in the same branches. All bootstrap values of the

REWH : ERESERMPIERRITR (49737 31R]) TiH (2009CB119200) 5 A 54Tk (4Rl ) BHIFE 3 (200903047 ) 5 “ +— 1.7 E K BHE
AR E KT H (2006BADO8A1S)

YEFE A XU, %, 1987 454, BRI RN, BIL0r5EA:, NFAREY VS, E-mail: liushensi_cici@ 163. com

“JEIAE#H Corresponding author, E-mail ; wanfh@ mail. caas. net. cn

WeH H 3 Received: 2011-12-23; $23% H ] Accepted; 2012-02-12



3 XMERAE - A /NS IR I B R B iR DNA SRTE RS R AR B 7 5 52 A 337

original divergence within one species are 100% . The intra- and inter-species genetic distances were

calculated with MEGA version 5. 0 sofiware using the Kimera 2-Parameter model. The intra-species

genetic distances are 0. 0000 — 0. 0041, with an average of 0. 0019. The interspecies genetic distances

are 0.0597 -0.2363, with an average of 0. 1693. There is no overlap between intra- and inter-species

genetic distances. The results indicated that the developed DNA barcoding identification techniques based

on the partial CO [ gene can provide a rapid and accurate method for identification of immatures or adult

debris of tephritid fruit fly species.
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S0 (fruit flies ) 28 B 41 J& XU# H ( Diptera) , 5%
7} (Tephritidae ) , 8 A7 4 A B G L TRV I
X, MEZ, FFEET, GFEE (Hardy,
1969 ; Norrbom et al., 1999) , SEEEE d 1) 22 50kh
KRR, B W FEEZFEYER, Bk
P THFEMRET, hRERLARERNE,
PP FE R LR BidE (TR, 1995), L4
Xk, FEE ERR 50 S H AR E R R AL,
W E BB RRY B ILRBOR R, BRI E R
BRI ALY A 7= 2 4, BOA R m tE RUKCR | IR
RLERK. EIPEHD DR G h EEMN R R,
I, SeudavER R 5 R % e 2 B A& E Y
R EEEM,

KHALR, SEig2eH f O R e TEE
BLATE B B SRR SRR AE AR (R H)
%, 2008) , ZhiR(EFEIE. SR, W) B TFIREARR
EBFHMEA B AR TR %€, MRAE T
R TFFIGRA] . tnds/NSZ 8 Bactrocera dorsalis 1)
FR RS RE , 32 TR i Sk 350 2T 9 RS
MEERE R ISR . BT S0, RIS LSS A
FE AR SN SRAE ()8, 1985), T H R #
RS H . DS, Rea k. M. 2. 8%
BARRIEI; X T 4 ik — ¥ kT E N SR,
LR PGS AT 4 (EREESE, 2006) ; THXT T
BARN T #HATHER R . RN, RSESFELEE
HEFERHK, HHFERLTTINFE LR AL
SERL, TEHRREERZ BRG] . Fit, PFoTias s
SER I, AR SEMEON. 4 SRS AR LR
BRI R RS E T, Wi IR LR E AR
EMEZERM. HET, 20 FRCsoRERRE, W
Y1 B K E 25 R (amplified fragment length
polymorphism, AFLP) | R B FE 2R A
(restriction fragment length polymorphism, RFLP) |
FEML P 3 22 2 1 DNA i R ( random amplified
polymorphic DNA, RAPD) | SZh} 7% € & PCR

ARBREAR, BRNFHEASE, 5+ FEeHHEARR
HORSZ Bkl IRl . ELXF 7R it i b A . v 3
TR R S8, 1B B 20 I 3 52 0 i A I 45 5
dr, FFEE—E R, i Kakouli-Duarte 4 (2001)
RF AFLP £ R Xt H o g SC 88 Ceratitis capitata
(Wiedemann ) FIZIE /R /NS SEHR C. rosa ( Walker)
BEAT THERRIX 435 Yu 58(2005) LA SYBR Green SZHY
PtE R PCR HARXS JEREE LM B. philippinensis
Drew & Hancock FHTESRSLME B. occipitalis ( Bezzi ) #f
177 PRESEE ; TR AR 92 (2007 ) 5@ RAPD $
ARAGET B LR SLME B. tau (Walker) | FRERSCHE
B. scutellaris ( Bezzi). H 45 5C 8 B.
(Hendel) ., JRSZ#E B. cucurbitae ( Coquillett) . 5/
S0 B. dorsalis (Hendel) F1F A #3528 B. correcta
(Bezzi) %5 6 Fh 5L 1948 SCE 1S ;. 22305 4F (2008 )
L A0 e i ot b o v ST L AR YN TS SR SR
C. cosyra (Walker) FIAY L /R /N 5% SE M S5 64T T
BRI, AT, FRKERAR 2 DR H A X 52
H&BMRBR, M2 e, M. =il
&7 REAK RS fEF A EEMT R,
41 RFLP £l RAPD £ R B4 DNA TRED £
SYFE . R EA R R RS H
J&, RFLP £ R #AEE B, ZBMM I R, ™
RAPD £ AR MR E M2 . XS SR BURR. IS
EARESE, BURE 7THZM A, RE AFLP £
ARIRGFHL RN T FIR PR 7 A R, (EXHEA
DNA R EZ R B m, HrmR &R mE e
Bto AR R ER BT LA R S E K,
{BMAATE AR AR . A BB N B R
B, ERArF AR iCHR BB A5 48 8 4 (R R Bk
&, BA RHEFRN MR R D, HEEESTF
XF 4 59 R 5 (4 R B ¥, 2006; Buahom 4%,
2011 ), T4 RXF H 2 225 AR i B L 5% A i B 52
it WARGE o

DNA Z5JE45 (DNA barcoding ) £ AR H /il & K 3l

scutellata



338 B 2R Acta Entomologica Sinica 55 %

Y% 2 Hebert 55 (2003 ) 42 H, J2& 3@ i XF £k {4
DNA 4iffi 5K C E LBV I I Z£H (mtDNA CO I )
50— B FE 210 650 bp AR S B R B AT
FERFHI 4047, #T7E DNA 7KF F R IX 439
., BETC BN Y 22K 157 75 14 (Hebert et
al., 2003 ; Hajibabaei et al., 2006; Floyd et al.,
2010) . mtDNA — & Rt e . AHXARSE. TN
ST AMETELETFH . HER R
R R 2 ~9 %) . B RAEBAMBE AR
(Lin and Danforth, 2004 ) ; 1 H 5 F mtDNA Jy £
N, BEAMREMRSE, X T DNA BEEAHUR, K
WEAFFR2ELE, BT mDNA CO [ EFHE K
T R FEIR PN AR Z ez —, 16
RRFEE EARHE T MR FIRIERE, JFET
YT B R RS 5 5 LA B R BB AR, TR E
I FEF A CO I 7 FARC AR KA H
R IR)E 4 B AT T 4 5E (Assefa e al., 2007 ) ;
Hebert 55 (2004 ) 58 12 12 35 AR AiE B BF 7 35 B in 1) 55
i Astraptes fulgerator £3,8 &/ 10 BaFEfp, Ab,
Shufran £ (2011) M55 K I, DNA KIERSE AR ]
DAMERR %5 7€ A [l & 8 B B LA KR R E 245 1 22 4%
(cereal aphids) , TZEARNSHPHUERGTRSG|5E 4 7] LA

BREGRILESEREE.

AW SE LRI E B I S SR S
BESR % B S AETF B 5y A5 4%, SR B A B AR
AR, IXE AP ERR 45 € I IR, DAH L SE iR
BRI ZhHe, 3) DL R B AR (KR
k. JEER. 2. ) HEAR, SR DNA SRIEA AR,
MR DR A R 6 FIE R YR B A B, B S 8
ST LA T B S B A ) R 23R 2 S R
ETE ARSI E RN, URJRE R Y
Pl — ALY B, e E PR 5 FE R AR
o

1 #HEFTE

1.1 fhsng

W BT R A 5 MR SE iR e & B [ A /N 52
W T AR SCHR ., JINSCHR . R AR S AR A R S8
18 B. minax (Enderlein) [{g 8113 1 fiR, #n4iK
AEHE 9% BRI LESY, 4CHREFERH. i
rh 9 S W AR O 25 R SE MR AR D AMEE, I IRD IR A
GenBank i FiA 7 Fsgify CO I HH FB(R
2) AT EEXT AT

F1 HiATBEELER
Table 1 Fruit fly species used in the present study

FREHW(EE/H)
GBS AR 7/ B R SRAEH A . REEH
Collecting date
Species Origin Development stage/adult debris Locality Collector
(year/month)
BN, ghds (34%) . Wik ML R R 3
5 T B .
Fh e ATHFR Egg, larva (31d instar) , pupa/head, ALRRIE 2010710 2a
Bactrocera dorsalis Artificial rearing Haidian, Beijing WU Qiang
thorax, abdomen, leg, wing
Lia e Uiz 4y (3 )/ ki mEEK 2007/01 HA&
B. correcta Trapping Larva (31d instar)/ head Jianshui, Yunnan XIAO Chun
JRSE FOM /MR 2 VAR 2008/11 RAEH
B. cucurbitae Psidium guajava Egg/thorax, leg Guangzhou, Guangdong WU Jia-Jiao
T P 2R S i U/ IR JARTM 2008/11 REH
B. tau Solanum lycopersicum Pupa/abdomen Guangzhou, Guangdong WU Jia-Jiao
RS S i s (3 4%) /338 ES 2008/07 X
B. minax Citrus reticulata Larva (31d instar)/wing Beibei, Chongging LIU Huai
1.2 DNA 2B AR R H SRR (173 Sk |« BIER(1/10 M) |

P28 & DNA REUS B P R4 (2002) DNA
BB, HRS s, BULigIsE R sk 3 1%
A (HPER, 1710 /KK ) | BF(1/10 /KK ) | BRLER,

ECPES, 1710 fE) . B BMEFEHLE FiHFH 20
wL 24 % 52 pp W (50 mmol/L Tris-HCl, 1 mmol/L
EDTA, 1% SDS, 20 mmol/L NaCl, pH 8.0)
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#F2 VAR GenBank H#EEEH 7 FLiR
COI EFRBREXER
Table 2 The CO I gene information of seven species of
Bactrocera from GenBank database

Yrrh GenBank % 3¢5
Species GenBank accession no.

Hi&/INSZ U Bactrocera dorsalis DQ116269
F AR B. correcta DQ116264
JRICHE B. cucurbitae DQ154102

FI R SCHE B, tau GQ154160
MRS R SCUE B. minax HM776033
MG SO Ceratitis capitata DQ116368

AEPHEE R SLHE C. cosyra AY788421

parafilm f§ -, DA PCR B RHAE NS FK A5 4T 75
WHES, SIRWHA 1.5 mL B0E; SRE DA 200 pl
GRS 4 RIP BRI AR . BIFIRS; A6 pL &
HE K(20 mg/mL), SEAMRSEF 65CKE 1 h
(BRI 3 ) 5 A 220 wL @45/ 3B (v: v =
24:1) , BFIREE, VK 30 min; SRJ5 4°C 12 000
r/min B0 20 min, W FIEW, A 440 pL i
TKZBE, BEIRSGT -40CHE 30 min; 4C
12 000 r/min B> 15 min, /NOFE EEFR. A
440 pL F¥E 75% LBEGE S, 4°C 12 000 r/min gL
15 min, /NOFEE BEW; AEHEECEE TG
FIRA L, BT, BEMA 30 pL B4k, &
URIET A0 CIRIFE . B RS R R iR ik
43 HIBL 3 k4T DNA $2HL,
1.3 PCR ¥ H#8 % H k&l

DARE /N SE B8 1 583k 3 i 4l ol (P, 1710 K
)\ BE(1/10 /R4 | BRI, DARBLH ) SkER (17
3%KK). KER (1710 g ) . BEHB (HFE, 1/10 J&
). 2. @K DNA Bk, LA DNA 0558 2
2|4 LCO1490/ HCO2198 ( _F i8] %) LCO1490 Bif
¥ 51 4 5'-GGTCAACAAATCATAAAGATATTGG-3,
TS 4 HCO2198 Bfi2LF51 % 5'-TAAACTTCAGG
GTGACCAAAAAATCA-3") (Folmer et al., 1994) ( |
A TAY TR ARRS A RA R &R) #17
PCR ¥, RNIERN 25 pL, HpaiKk 9.5
pL. 2 x EasyTaq PCR SuperMix 12.5 pL. 10 pmol/L
TR G4 0.5 uL, DNA Btk 2 pL,
PHFERE R . 94°C FiAS I 3 min; 94°C 45 s, 48C
45 s, 72°C 45 s, 35 NMEH; BJ5 72°C 10
min, PCR "3 [z i 7€ ABI-9700 & [H 4" 14 {¥ L

7, B4 uL PCR 5 RIF407E 1. 5% BISHRSERE | L
80 V Hi k43 BS 45 min, #RJ5 LA Gel-Doc Universal
Hood I BUEERE 5 22 5: ( Bio-Rad Laboratories ) 4347
HIKGR . BRSSO BRI 5 E 3 k5 BP
AR HESME 9 3k, ARFERANE 15 3%, it
24 3k, [AIRF, DAFHAthH T 4 7S 08 i 2l i K il 3L 5%
R(EFER AR 3 4 B AL S HE, TR
B K B B BRI , g PSR S A 0 B B, DA
PSR 3 1% 4 A AL HGH ) 9 DNA Al
AT PCR 488 S e DK I 5 B S/ BRI 5,
BT AR A BRI 3 3k 5 RIS [R] 2SI AE 12
3, AFEFRANE 15 3%, etk 27 k.
1.4 PCR F=¥p4i{t . A B FF 5tk 3t Fn 43 4
BERLER 1 Sk 25 o Y T PRI /)N S R 40 (Al o
Bk (it 8 3 ) DNA DL K HoAth & Tl 4 Fofr 52 &)y 4
R H A (39 3k, B, A2 k. JRE
3 3k, AR SR 2 Sk, MRS KSEHE 2 3k) DNA
1) PCR 3" 384 7= A7 ik A e ( By b =1 2
HEYEARBRFTEA AT ER) , FEHFFIL
F3) B 32 3K 4 Chromas 1. 0 27 I 3647 N TALA ,
ISR PSR R R . #R)E , I Bioedit 7.0 X 73
HFTEE A, LA Clustal W Multiple Alignment $£17
XFFFAL3E ; FEFIF NCBI, BOLD SF0iA%HE A, *
PR MR E CO 1 J75 5 2 B SR Mt /N S o
FIF 547 R e XF, B MEGA 5.0 #R {4 LA
Kimura S HAE R+ (Kimura, 1980; Tamura et
al., 2011) Fhy KA s, A5, #H
MEGA 5.0 %4 7 1948 # 1= ( neighbor-joining, NJ)
S¥E b IR R AR SRR SE ) CO 1 P51 —[F]
R GEHEAGRE, I LA Hh i 2 Rl i 5 SR ST
(R2) MHMEIFNEE, X455 3 B A5 B (bootstrap ) #
71000 VA EEERR ., &5, RIERTEED
TR T 2 RGN, B SEL R,

2 #R

2.1 SLEREA) R A% DNA PCR #HE4R

LA /NSE R 1] 40 1A L R LB A4 DNA Sy
M, A DNA £I% 5538 FI %15 |47 LCO1490/HCO02198
AT PCR §738, Mak AR B8, iR Hk
8 B AR BORLE LA B SR Sk . B K,
TR R R TR 3, $RE 3 I BT AR AR
FHF(E 1),
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E 1 DNA &FEHEAHEF|4) LCO1490/HCO2198 Xtk /ML

BEAR R HLAS D R R R BR A CO T 2R 1 485 5 vl Yk i

Fig. 1 Amplification pattern of the CO | gene in different

development stages and adult debris of Bactrocera dorsalis

using the universal DNA barcoding primers LC0O1490/HC02198
M: DNA 4> FE#7%E DNA marker; 1;: 3k¥B Head; 2 Ji§%B Thorax; 3:
J63% Abdomen; 4: Ji Leg; 5: 38 Wing; 6: 5/ Egg; 7: 451 Larva; 8:
Wi Pupa; 9 BAMEXT R (B4R H7K ) Negative control (ultra pure water as
the template) .

SRLE L oA 4 o SCHR A 4h AR (B, 4
U5 DA LR R AR (SR AR MaER . IEER . 2. ) DNA
R, LA DNA Z57E 45 3@ A &L 51 %) LCO1490/
HCO2198 j#47 PCR 43 i, 4 —Fh I 4l {4 K A
HERAARTR AT 3 S M A AR B (B 2), AET
DNA ZIEHS Y SC 8828 T B e BRI ST 30 T4
iz s

- W S S — —— — ——

e <709 bp

&2 DNA &A% F%I5] 4 LCO1490/HC02198 Xif HiAth
4 FpSZURL R L SRR R AR CO T R 438 45 5 v Tk ) 1)
Fig. 2 Amplification pattern of the CO I gene in immatures
and adult debris of the other four Bactrocera species
M: DNA 43 Fihpifk DNA marker; 1 -2 Ff iS5 ia4) dumn g o sk
B Larval and adult head of B. correcta; 3 =5 JI\SZ 0GP F0 K, 2 358 K
J& Egg and adult thorax and leg of B. cucurbitae; 6 —7 : T W 55208 07
FNB B Pupal and adult abdomen of B. tau; 8 -9 AitHE Kazlg4h
BN R LRI Larval and adult wing of B. minax; 10 BAH:%} FE (FiAR
47K ) Negative control (ultra pure water as the template) ; 11 FHH:%F

B (A& /NSZ M4l ) Positive control (B. dorsalis larva) .

2.2 FINE. BiEESHRRTHLEEE

BEMLER 3 Sk 1 Sk & s ks T R /N SE i 4l 4
SR ER A (11 8 3K) , DARHAH L 4 Fhagiss)
TRFIRLHRERAR (F31 9 3k, Hoor, /AL 2 k.
JREHR 3 3k PR SEHE 2 Sk MRS RSS2 k)
PCR #3417, 4RJ5 LA Bioedit 7.0 #4757
54 b3, DA ClustalW Multiple Alignment 347 %
AL, SR BN, AEFRE REERR i BER/N g 648
bp, ZJ&, 5 NCBI ( http://www. ncbi. nlm. nih.
gov) #1 BOLD ( http : //www. barcodinglife. com ) 4= ¥
FICBE TP E AR /N SEg CO 1 P17 I
XForHr, GERFH, AP/, ghd
B LA S B HCK BB BER BEER . AR CO 1 75
S8R FE B R AR i 5 B 5 5 [R] IR
99.51%~99. 84% ; P& FEHEFE R I E KIS /N LR
HEAREE R i BOEE RS (3R 2) , EAWIEH TS E)
18 2% CO I EEF P LA L (N) ) W RS L
BN, SRER, WER/DLEERRA X, HER
BE 100% , 584 R A% /0N S W 40 4 R Rl He 3% A
MIRAN S E (B 3) . BAMCHE ., JRSChE, /v
ST | A R SE MRS A IR B R R IR ) CO T A
Fr%1]5 NCBI Il BOLD A: iy 25 FE RS 54i8 e b B Y
4 Fps2ag iy CO 1 730w — Btk 2 5 100%
100% , 99.81% ~99. 83% Fi1 100% ; & F EHE FE
4 FhSCERAEEAREE R B BRI R A (2 2) , R
NNEWEREREW, IFXNETXERE
(bootstrap) #47 1 000 IR LA E W ERE KK, BN,
R SRR —3, HEFEXHR 100% (&
3), ATLAXSSEHRSEE H 4 (AR R R AR AR A T HE
P,
2.3 #MASFEEEES

PA Kimura 2-parameter ( K2-P) iy 2 4t i 4 i 4L
RITHE S R Sc B R FOF R SRAZBE RS, SR B
7N, 5 FPSCHR I R E] 3542 BE B O 0. 0597 ~ 0. 2363,
92 0. 16935 Horb, JISEHE-5 R W AR SE MR Y SR 2%
KEFT, FEEIEIER N 0. 0597 5 Mits/NEHE5
R K SE W8 B SR % 50 R Ao, 1] 33t 1% BEES O
0.2363, 5 Fh sz g B Fh N 1= AE BEE o 0. 0000 ~
0.0041, “F-#375 0.0019; HH ik /N SL 8 B P 38245
FEESER K, 4 0.0041(F£3),

3 Zig5itie

AWEFELARE/NSCHREIEE | 45 0 LA SR R Y
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F3 SHTBHANSHEEEES
Table 3 Intra- and inter-species genetic distances of the five fruit fly species

Vb T /NS0 A JSE T 2R S HiRG R S s R
Species B. dorsalis B. correcta B. cucurbitae B. tau B. minax Inter-species genetic distance
b - 0.0041
Bactrocera dorsalis
FOMR 0.0919 - 0.0017
B. correcta
%R 0.1725 0.1834 - 0.0011
B. cucurbitae
MR 0. 1660 0.1791 0.0597 - 0.0033
B. tau
Rk 0.2363 0.2070 0.2006 0.1962 - 0. 0000
B. minax
99.519% ~100% ; 5 Fir52 488 B[] 38 £ 5 0. 0597 ~
0.2363, 520 0. 1693 ; FhNisfEEEE M 0. 0000 ~
Bactrocera dorsalis 0.0041 N SFiQﬂg 0. 0019( 43,% 2) ’ ﬁ”ﬁ] iﬁ’fgﬂﬁ%ﬂﬂﬁ

Wing
86| Thorax
Abdomen
100|' Larva
61 Leg
Pupa
100 81 DQ116269
67| Egg
74' Head

Larva 7
4100[{ Head :|B. correcta
78L DQ116264
] 57 Pupa
100 [ GQ154160 |B. tau
100 Abdomen

72, Thorax
Leg .
] 410()( Egg B. cucurbitae
59 71 DQ154102

| Wing
HM776033 | B. minax

100' Thorax
DQ116368-Ceratitis capitata
—
0.01
B3 SREEEEMEN S FhSCh A R RS LA KR

NRHRHRGER TR
Fig. 3 Neighbor-joining tree based on the analysis of

CO I gene sequences from different development stages
and adult debris of five fruit fly species
P b 4332 L ERfE 1 000 R H BRI BAR L 5 AR RUREAZHERS o The

number on the branch indicates bootstrap values for 1 000 replicates.

Scale bar represents genetic distance.

Sk, MR AR, R B ON LR, RAI DNA &%
FEABEOR, M T SCURSI T KL 4y (A 0 B SR R A R
B TR AR, AR ORI, NSLH,
P PSR SR | AR QS B8 PR 4 (AR A R B AR 4T
FHRIE . Bl e L XS 45 2R B, FRAEAS ) CO 1
J3 355 5508 P o B EEAR B 92 PR 3 ) R

WA EERI Y 89. 1 £, RHIZT DNA ZEHE MY
FRRBIF AR ALAT LA AR TR 52 08 38 5 R i 4h 1k,
T ELXoF 50 HR R A 4 S I P32 DA B AR BE A 1)
JETNREMERR K RE , SR T oL E A O R
IR TR, s, AT B3k 5 Fhcig DNA 42
BUd AR R B, . 4 DL KO Sk M
JEFRAFLHZ, DNA IREU A S, H CO T HH
R BRI ; TR (K1 mm)  BRLKE, B
F DNA & EAEXED, B SRS, A
TR FRE M DNA DA K #8  DNA 8%, R
&, AR PELU N BWERELZ B M, B
TIREFIIBEAR(2 ~8 &), REMERBARE,
{H5 Fhsciasy oy -5 B0 B b R SEAR R B — 3,
HEFESN 100% (& 3), 7] LAER L 5] SCis
FRG IR R RE, FE, BN EHEEE
HIEF=RLU) DNA S0005 7 5150 2 e T 560
DNA ZZTERS AR 52 B4 DA B AR 4= 5E 8 M1
Ffl, CO I FF3)— &3k, BRI A7 NCBI =&
BOLD %48 e #E AT [RI U E Eb Xt 228 T R oA e 3
KEDR, BN TEEREESETELEENALE,
2011 4F, S22 E i DNA XML E RGEVH &
S, REHE M ARATFE (L e al., 2011), 8
1M, DNA ZRIEE B ARSI E /N0 55 A F 43 b
PRI EIRA, WAHT 58 26 5008 FE Lo X i R B, A
/NSRS [R] @ A /N SE R B A R B AR TR SE 0 . A7k SE
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55 %

W, AR SCIR I RITRMEAR R, 35 99.23% ~99.69% ;
ARIE IR (2005) M BFSR BN, /NS, ARJRSE
W SEARESCIE . HBkSCERAY CO [ FEH P51 (664
bp, fii T CO [ B£[H 3'%, SAI HWEIRTFHIT
BEHEXE) WREEE S, 7 98.6%~99.4% , Ff
25N 0.6% ~ 1. 4% , fii-T DNA KIEHEA K
PER R B e, BPFP ] 22 5 0 KT 2% (Hebert et
al., 2003) , HE/NEIRE SR — D EEK LR
B (Hardy, 1969; Drew and Hancock, 1994; Clarke
et al., 2005) , FoH i BT A R 0 T E SR AEY)
KA E4Y, RE DNA FEHBEARNZEE
TR RS /N SRR . AR EE | SERREE MR ks
W PR SCMESE S b SCRE R KA EL AR, (HiE T
BX-& W F§ PCR-RLFP 3% . SYBR Green SZH G ER
PCR HARSEIN A A M X 73 #7057 (Yu et al.,
2005; Chua et al., 2010) , 1 Yu %£(2005) LI SYBR
Green SEAFOLE B PCR AR M X Z G FH Y
FEAR SR T R L Chua 55 (2010) R AHZE T
CO I [ i) PCR-RLFP £ AR I #b X 73 T # Bk 55
18 B. carambolae Drew & Hancock FIAK JKSZ 48 B.
papayae Drew & Hancock; 1, {#ifE/ N & Fp
BB BRSNS AL
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