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Identification of Bactrocera dorsalis complex species (Diptera: Tephritidae: Dacinae) by PCR-
RFLP Analysis. I. A Study of Variation in Mitochondrial DNA D-loop Region. Shigehito
NAKAHARA, Makoto MAsAKI, Masashi KANEDA, Tamio SUGIMOTO (Yokohama Plant Protection
Station) and Masahiko MURAJI (National Institute of Sericultural and Entomological Science).
Res. Bull. Pl. Prot. Japan 36 : 37-41 (2000).

Abstract : Restriction fragment length polymorphism analysis of PCR (PCR~-RFLP) products
was performed to identify asian species of Bactrocera dorsalis complex (Bactrocera dorsalis, B.
papayae, B. carambolae, B. philippinensis, B. kandiensis) kept at Yokohama plant protection
station. As a result of the polymerase chain reaction with universal primers, a DNA fragment of
1.6 kb was obtained that contains 12SrRNA and tRNA genes in both ends as well as D-loop region.
RFLP patterns of PCR products obtained from 9 strains of Bactrocera dorsalis complex were
treated with 17 restriction enzymes and compared each other. The result was that 23 restriction
fragment patterns were observed by 9 restriction enzymes, and B. kandiensis was distinguished
clearly by the five restriction patterns of the amplified products.
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S NT® Bactrocera BiZ7 VT, A—A NI UT %
FLMZAAT ANEERRO—HTHY, —Hiza—
Ty NEE, T7VARBFHTEILBHmESINT
5% (WHITE and ELSON-HARRIS, 1992), 3/8xf}
BHOZ S YRR ERESD 2 WIIEYOXCHE
LU THBET %45, Bactrocera & I/NTH Z DHINTIX
58, WS ONOMEIF, ~rITVEOERERNEY
LREFMICEERERE SN TWw5, DREW & HaN-
KOCK (1994) 1%, Bactrocera dorsalis & % DITHFIEL
Bactrocera dorsalis complex 2R L TB Y, LENZ
1% & XN T Bactrocera dorsalis 1%, BHOE%
BUIN—TT, TN o IIHEE, TYT THE, 4 —

il

ANZVT7TCUBEBIFHLTWDE I 2mE LR,
Bactrocera dorsalis complex ¥, HEIZBWT HIE
VISR E TMAS LR R RET 5 L TOREEERY
ELTEBARERL TW2ERTHSH, Thdidsf
HRESIEE I L BITH Y, o s T -
RAELHELEESA TS, Z I TEAWHETIE, 4
BRECEDLD 5%, LD ERLERAO D OHEE
PRAFRT L RHME LT, MIEEYIER TR
B D Bactrocera dorsalis complex 5 8 9 Rt D 2
b 22> K'Y 7 DNA ® D-loop region ® RFLP % HH
SHETBLEDI, BEINZOBINERAEDD
D2 TR > 1D THE T 5,
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MR U F &
DNA D& L U PCR (2 & 3 3E1R

EMKERBOFT 25T, SHEEybEiiaEmw
M TRERABTTOS I RHO I N (Tablel)
L OEE I Lt U7 DNA 238 L LT, PCR &
iZk->T3ha>FY 7 DNA® D-loop 8L UZD
. BTSSR O BIE 21T 5 72, DNA OB 7=y %
A7 7Ny 7 B0 DNAKE Y b (Genomic-
Prep Cell & Tissue DNA Isolation Kit) Z{#HFL,
B oni: DNA ZEHE 2 L 12 200 wl OBEZRE K
BEL T2, PCRIC X % DNA OBIEIIRIGAR % 20
ul &L, BRIGT L BHE DNAL ul, TagDNA KV
A5 —¥ (EFE) 0.15 ul, INTPESHK (2.5 mM) 1.6
ul, 10X PCR B 2.0 ul, 88 X U 2 F8D PCR 7%
A <— (10 pmole/ul) £ 0.5 ul 2% 7z, PCR 77
f2—iF—RCHSENTWS I F2F) 7 DNA
BREODZ=NN—H V754 v— (5¥TGGGGTAT-
GAACCCAGTAGC 3") (SIMOM et al., 1994) & I/
ITRZFRICER LI 794 ~— (5 TAGGGTAT-
CTAATCCTAGTT %) (KNB&, RFHK) EHERALIL,
DNA OIERIGIE 7 AT v 7 @80 a7 5 L5 >
Farhua—¥RF A PC-800 &R TFTv, 90°C
SHOBEMDD &, BEWICIH, 7T=—V 7/
52C30MBLMMBECLISNBOERAT Y %
30 ERDEL, & 512 65°C5 D EERIGETR 572
% A4CTHREL, B5h7- PCREYIIEIRES I
L BN RERT BT, 1.5% 74 o—2 5 LT 100
bp 78— (54 7Fvr7F VI LrbicE
[EKEL, BET2KX 3D DNABSKEIEELTW
5L RHER LT, B8, REFAZERICIZ 1XTBE
FEEWR (0.45M Tris, 0.45M & B8, 0.5M EDTA, pH

8.4) iz,

PCR EWOHIRREERIC & UM

PCR Iz & - THBIR S 7z DNA DWW T 17 EEHD
FIPREEE (Alw ], Asel, Bel 1, Dde 1, Dra 1, EcoR 1,
EcoR V, Hae 111, Hind 111, Hinf 1, Msp 1, Pst I, Rsa
I, Sau3A 1, Ssp I, Tug 1, XbaI) (= Ry — %)
DENTFTIIZ L BYIWNY — > BT, £/, 5F9
FIED 2 N TFO L 5B & h i BIRERN A RS
ARUT Bell, Dral, Sau3A 1, Ssp I, Xba 1 D 5 5&
FOBFIZOWTIX, DNA YA Xv—h— & DK
» 5% DNAMR ORI REEL, V> I VETORFE
WX WX — v OB % 1T o 1z, HIRESE
MERRIGEER 0l &L, IREZLI215ml ®
VTN T Fa—T I PCREW I ul, #IBESE
05-1.0 wl, BEU 10XGEEHE 10wl (=v RY ¥ —>
), MEFREASS ul 202, 37°CT 2 BKEIHFET 2
ZETERLU, HIfEREE TLEL 7z DNA & 100 bp
T —(FAT7Fv7F VDV ING) L BIT2.0%
DT H a—RA% ) (MetaPhol™Agarose, FMC
Corp.) TEXKEIL Tz, BEEIX 80-70V T 2 KRi~2
W] 30 43T o 72 DNAWH R = F Y v A7 <4 R
(0.5 ug/mil) THEL, FEHHEF >~ 7 (230nm) O b
ETEEEE L,

BRRUEE

HIBRE#R (- & 5 RFLP @4

SEIRMDO I N EEHWKPCRI £5T
12SrRNA © — &, #{E ® tRNA B8 & Uf D-loop
region D&fEE &1, 1600bp DI P> FU 7
DNA th g s vlz, 2OBE s>z PCR EWICD

Table 1. Bactrocera dorsalis complex species used in this study
Species Locality Code
B. dorsalis Okinawa island, Okinawa, Japan BD-0Ok
Amami-oshima island, Kagoshima, Japan BD-Am
Chichijima island, Ogasawara, Tokyo, Japan BD-Og
Taiwan (Narita Airport, Japan)* BD-Tw
Thailand (Narita Airport, Japan)* BD-Th
B. philippinensis Philippines (Narita Airport, Japan) * BPh
B. carambolae Malaysia (Narita Airport, Japan)* BC
B. papayae Malaysia (Narita Airport, Japan)* BPa
B. kandiensis Katunayake, Sri-Lanka BK

*Interception at Narita Airport, Chiba, Japan.
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Table 2. Species-specific, strains-specific and non-specific typing of restriction fragments
obtained from Bactrocera dorsalis complex

Restriction Species
enzyme BK BC BPa BPh BD-Th BD-Tw BD-Ok BD-Am BD-Og
Aln 1 ® A A A A A A A A
Ase 1 [ ) A N A A 'S A A A
Bel 1 A 0O 0O 0 O 0 A ~ N
Dde 1 AN A AN A A A A A A
Dra 1 o A A 0 0 0 o o o
EcoR 1 - - — — _ _ _ -~ B
EcoR V - - — - — _ _ B
Hinf 1 A A A A A A A N R
Hind TII - - - - - _ _ B -
Hae 111 — — — — _ _ _ _ _
Msp 1 - - — - — — — — _
Pst 1 — - — — _ _ _ _ _
Rsa 1 - A A A A A A A A
Sau3A 1 A O O O 0 0 A A A
Ssp 1 e A A O O V'S & o o
Tagq 1 e A A A A A A A A
Xba 1 A O O A A A A A A

@ : species-specific restriction fragment, € : strains-specific restriction fragment,

A, [, O 1 non-specific restriction fragment,

W, 17 BEOHIREESE (Table 2) Ic X 2H K /85 —
R U, ZORE 6 BEOBER (EcoR]1, EcoR
V, Hind 111, Hae 110, Msp 1, B Pst 1) CRE—®D
ESDE—0 DNA NV ROABSED S W, TICH
Wiz 2N TE PCR EYT I 2 SHIRBER DT
BEIIFEL W L8 s &R oz, 72, Dde
I Huf ITRZENEFN 2K E 3RO DNA NV FH
BRH SN, WY Ry - BR ORI L 5:E
WiZED s hoT, TS DFHIEBEREZR MO
IBECIIHS » LFHIRBRNTFRZAITD Sh,
BRI A ) 7 > B PE B, kandiensis TiX Alu 1, Ase 1,
Dral,Rsal, Ssp 1, Jetf Taql @ 6 BEOEEE CEK
BRI N Ry — U038 bz, £72, B. dorsalis
DOEAZERWODWTRIEZ A, Asel, Bel 1, Dra |,
Sau3A 1B LU Ssp 1 0 5 EOFIRER TEAZE
BEDEN, Ase | BL U Ssp | TREBERFKICHE
BN Ry =V oniz, LrL, EROMW
B, EmE, NGEED 3R TRERIZ L 2N RNy —
vOEWIIRBE Lo, £, B oEHT
B~ V—¥ 7 BB carambolae £ ¥ V— 7 P B.
papayae BRI N> Fo88 — v BiRL, AR S A BE
B. dorsalis £ 7 4 ) XV E B. philippinensis @ &2

: no restriction flagment.

LN - DERED SN 0T,

SRBBH SN BEEDI b, 5EEORBESE (B,
Dral Sau3A 1, Ssp I, Xbal) iDWTOFELWLEER
% Table 3 /R L7, &8, Table 3 1Z&[REEE VI K
DHBLBHDE+T, BTVWHbDEF—TRLTBD, EX
DB SHEEZ 100 bp LT DN FIZERE L Tz, T
TOY > 7o &i 9 BEOKA 2HRTL L
BTE, IS5 IBBEOHIRERTWH RicEE %
B U7z 5 BEOBROF Tk Sp 1 12 & 2 Y1l 28
BL%L16THY, D2V TDr 1IN0 THotz, X
S5 Ssp 1iek 216 DYIMEF DS B, BE % 94% 12
H1=5 15 DYk TR 53D 5, D-loop region
WIS S [FRHETO% s EERERHI BT 2F
BMEDS 2 3 RE S iz,

5 18 9 Rk BIGRIBRNIE

Table 3WRLUIERE S &, 2 9 INVETHE
T 5N FOED S ZRJMOBEIEREEFTEL
7> (Table 4),

AV T v HE B. kandiensis 1%, o 4L DEE
IR S - L &L, RET V7 EOMORE L i3

BEN-BERICH B Z W& N, 72, B, caram-
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Table 3. DNA fragments obtained after endnuclease digestion of the D-loop regions of the mtDNA

from Bactrocera dorsalis complex species

Restriction Sl Dral Bl 1 Sau 3A1 Xba 1
enzyme

Fragmentsize |1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16(17 18 19 20 21 22 23 2425 26|27 28 29 30|31 32 33 34 35|36 37 38 39
B. kandiensis R T B e e T ] & T SR SRS UE SR PRI
B. carambolae i e e e b S ol e s S Sl i S S ol el S S S o Bl s S
B. papayae e i i S S i o R B T T T e SR SR
B. philippinensis |+ — — — — — + -+ - = -+ + +| - + + + - ++-+ 4+ FH[-F+++ + -+ -
B. dorsalis (Thai) |+ — — — — — B e T T o B S S S T i e T T o i S T T o B S
B. dorsalis (Twn) |— — — — — R e e S S o R S S S S o Sl S S o Il S S S o B
B. dorsalis (Oki) {— — — + — — — — 4+ — + + + + + |+ + - - — + - =+ —|+ =+ ~ |+ ++ - |+~ +
B. dorsalis (Ama) |— — — + = — — — + — + + + + + H|+ + - — — 4 = — 4 |+ — + ~|[+ + + — —[+ - +
B dorsalis (Oga) |— — — + — — — — + — + + + + + +[+ + — — — + = — + ~|+ — + —|+ + + + -+ -
+ : restriction fragment, — : no restriction fragment

The numbers in the table indicate different kinds of restriction fragments obtained from each

species.

Table 4. Homology values of restriction fragment patterns

Bactroceva dorsalis complex

among 5 taxa 9 strains of

BK BC BPa BPh  BD-Th BD-Tw BD-Ok BD-Am BD-Og
BK
BC 0.27
BPa 0.27 1.00
BPh 0.31 0.54 0.54
BD-Th 0.31 0.54 0.54 1.00
BD-Tw 0.30 0.58 0.58 0.86 0.86
BD-Ok 0.32 0.39 0.39 0.39 0.39 0.43
BD-Am 0.32 0.39 0.39 0.39 0.39 0.43 1.00
BD-Og 0.32 0.39 0.39 0.39 0.39 0.43 1.00 1.00

The values shown are the ratios of homologous restriction fragments to total fragment
numbers obtained through digestion by 5 enzymes.

bolae & B. papayae i3 &R U/NY PN — U BBE
ATz, Iho 2BEEIFKCSAL, SEIENI
BEMNELR=ZZADESDEVDGLHEFNTE I EMNT
X 25 (IWAIZUMI ef al., 1997), AEEEL DN Tl3&
VAR LNT, BEMCE»R D IEERERCHS
EHRB AT, EIREZ, ¥ A B. dorsalis £ 7 4 )
Y > B B. philippinensis bR /N> F 88— %R
L, EnBEohihrolz, IH5 2REIZHAHEL
EX->TB57 (DREW & HANKOCK, 1994), PEIRE
ERZADREBERL LD, KEBRTRIZDEVER
HTE&ZMhot. —H, B dorsalis %, F—&THY
e, ¥4, B8, HE (M8, €%, NEE) ©
PRV BEZ SN PR - 2F-> TS Z LR
andc, &7, SEIAWI-BEE B. dorsalis 12, ERN
BED B. dorsalis &b TH A B B. dovsalis ¥ DT
BOHRILEEZ R L2, SEOEBRTIE, BROEEDN
BRELZnicb b s T, BREOEZESKRE ST,

HMOFA - AECHATCE28ELERIGOLE
Do Tz, GEITR - 12 17T BEOHIRER W L 287 T
RS0 6% BEICHI 2B L% 100 HEkcH>w»
TOBEHRL»ESNTE ST, HIRBERFERBALS
WHEET 2B OBTREITL Thuisnizy, $%i
BEETNZ OV TESRFELSANLILEYH S, A
BN TORFEN L, B xanthodes 1 18SrRNA
(HOEBEN et al., 1996) T, Rhagoletis @Tix 3 b2
> F U7 DNA @ COIl (SmITH and BUsH, 1997) T
bITbNTEDY, B. dorsalis complex IZ2OWTd 3 b
2> ¥ )7 DNA @ D-loop OfENT %0 % & [FRFIZ
AN DERICOW B EHEERET RS FET
H5,

51 A X B

Drew, R.AIL and D.L.HANcock (1994) The



2000 £ 3 B

diE 5 : PCR-RFLP 12 & 3 3 > a 3 /xx 8 Bactrocera dorsalis complex Dk 41

Bactrocera dorsalis complex of fruit flies (Dipter-
a: Tephritidae) in Asia. Bull. Entomol. Res. 2:
68 (supple. 2).

HokBeN, P, L.J. DANIEL, JING Ma and R.A.I. DREW
(1996) The Bactrocera (Notodacus) xanthodes
(Broun) species complex (Diptera: Te-
phritidae) : comparison of 18S rRNA sequence
from Fiji, Tonga and Vanuatu specimens suggest
two distinct strains. Aust. J. Entomol. 35: 61-
64.

YonGg, H.S. (1995) Genetic differentiation and
relationship in five taxa of the Bactrocera dorsalis
complex (Insecta: Diptera: Tephritidae).
Bull. Entomol. Res. 85: 431-435.

Iwaizumi, R, M. KANEDA and O. IwaHAsHI (1997)
Correlation of length of terminalia of males and
females among nine species of Bactrocera (Dipter-
a: Tephritidae) and differences among
sympatric species of B. dorsalis complex. Amnn.
Entomol. Soc. Am. 90(5) : 664-666.

L & (1991) H£HO#EL FEEERO XA =X A

HEKFEHES pd3-53.

KEZR (1997) Yy HAEVRA bV Fa2rB8E
O HeteroderaJ& ¥ A + & > Fa2v 47 O PCR-
RFLP f#tfic & 23838, Jom. J. Nematol. 27(2) :
67-75.

SimoN, C., F. FRATI, A. BECHENBACH, B. CREsPI, H.
Liu and P. FLook (1994) Evolution, weighting,
and Phylogenetic utility of mitochondrial gene
sequence and a compilation of conserved
polymerase chain reaction primers. Ann.
Entomol. Soc. Am. 87(6) : 651-701.

SmiITH, J.J. and G.L.BusH (1997) Phylogeny of
the genus Rhagoletis (Diptera: Tephritidae) in-
ferred from DNA sequence of mitochondrial
cytochrome oxidase II.  Mol. Phylogenet. Evol. T
(1) : 33-43.

Warte LM. and M.M. ELsoN-HARRIS (1992)
Fruit Flies of Economic Significans: Their
Identification and Bionomics. CAB Interna-
tional, Wallingford, UK, 601p.



