FEPIRE (171 45 ¢ 1-15, 2003

% £ 5w I #1 (Diptera: Tephritidae:
Dacinae ) % § #s2 H.% M %

- - ~ 1 TN 2 3o 2 2 1’ ¥ 2n 4
&E 54‘ %}s % \a 5 /.}.l_' ;5’. l f@ ‘,’ AE:.
L= erm IG5 =
2.3’\' 4 ‘E'.' =4 OI@:IWJ_,—JEIWJ kjﬂl"—’Elr
3.7 % A
4575 «q'}’; SO ko S BB RS

(5 EI20 [ RIBIOL {12 /] 18 E)

ERCR R QM 2R 22~ 257 2003 R BESF (Diptera:

Tephrltldae. Dacinae ) 5§ &&=/ “%ﬁ‘z =€ 45:1—15

digE ”:-:l“"j'J\':v e S AR TR R G h

§ o W TLEEEET > 0 B 16S DNA RS {T o 5 2.
ARMERA R > DU S R 5= R (Bactrocera) Y] 5y = f R, s
( B. (B.) dorsalis )~ 5, €180 % ( B. (B.) ferruginea )% Y~ %;
RTSFIAT R o= (B (Z.) cilifera )~ "TE% (B. (Z) cucurbllae) X EE (B (Z)
diaphora )~ Z 121=8= (B. (Z. ) scutellata )~ = 1% Bo=
= (B (Z)tau » 2= #5505 (Dacus ) e §JE4 = a (Callantra IEEAY. SN E’J
= (D, (C)formosanus) 87 92 E =7 =ty (Dacinae ) 2= E P 107
2 [ /7113 [4 N ”z_/ 16S rDNA £y ﬂ % lEEJ’ :

.7_:\' 1) J»_\ LF5J’4‘{ E’IE"_"_')S' * }J =
( Coelotrypes ) & HlI%* s

2R S 1* o 2)F B ?"é’%?

( Euphranta ) » = Z||Ey7%5" 01 o 3 e Ay BN 2514 (Gastrozomm) s
R 7 17 1R '?.E[ % ]’6-4 Tt (& 0 4)5% Y B =T ( Trypetinae ) 7 5% Y B =04 ( Trypetini )
W= B ( Adramml) e 2R [RIETREY o

%
>
C

(g as @ 2 WEET] 5= FEET] S 168 1DNA ~ R i)

* EP 74 o E-mail: hychang@mail.baphiq.gov.tw



0
il

S (Tephritidae ) I S

%= ((Fruit fly ) » o g3 Eﬂ“@&l[wf}m
SV EE 70 LK DA ) HaN T
CEWAERIEROTE SR
Eﬁ"ﬁ]’ﬂ%‘ NECAE S A AR A C I U -
B Ly B E by o BIE) o E O i R
BN R L VIRTHARIG T i
AEEIAER ARG i o BIET Bt
(Ffsr’% SHIF ] wr@*ﬁéjr S =R
ST T 2 E e RIS S )T
Pl R ( Ceratms capitata )~ °} 715

B %= ( Bactrocera dorsalis ) ~

( Bactrocera cucurbitae ) ~ - 5B EE=
( Bactrocera tryoni ) ~ £ 7% & X B =
( Anastrepha ludens ) T 32 5 2 & =
( Rhagoletis pomonella ) 4% o =[5 7|
EERA B e el e
BiER (Bactorcera ) » 1| P g 25T
57= BB (Dacus ) BTELZ o Elm = ][ 7
vl £ PE T 2R
% DREES
BEART 3178 [ 5 BEE 3 139, :éf
5 B Y BT 2 TR %
HI- B o» i MEESS “,5”_ AR “r“‘lz U=

s gt

B

PIHEE 1282 ~ 5 P s s
] 5 £ e v
10, 11, 12, 22, 26, 36) s I'E-J\ AT

ﬂugj;{“D p[ﬁry"{/U 14, 18 20)
16S rDNA 055 {% P55 7[] 53 1%’,
F R '}ﬂﬁr » E U

[

A :'=iil ] IDNA I
BB B L TR R
BRI 1 o o R a2 g e

EEm
LS
ulllll
—

x
=z :\«_t
it

1

S miemA

RN s DR
S S A yrfvﬁ’? s B RSl Wi dp @
S N AR T

&= ( methyl eugeol ) ~ 5e%E ( cuelure )
% I TS NN RN T R =T
AR A R
PR T o B

il

50 R TR
AYEER 1
A)irﬁ*ﬁ h&14f1 ]X IJ «_/ ’ ITJ E" 16S
o~ LL) }J ‘1er °

3FTA , P 7; :

mA—
S AHHF EINAEA" }jgégz_ ) =
7 PR 3 BB 3{:31';%
roan (2,3, 17 21 31 32, 34, 35, 36) 1“\4?:, % =
[

a(L2D 7y sy gm g o

3 ?]4_,‘#?

Jméi;'/—%”iéf‘é%*l%“ A ECEEITE R R
'f%]’i' fromyEtat o Dl el i *J"fp;*“ ;
o S DNA o
LR-N-13770 3[-1" » &4 %% 16S rDNA
§9900 1% T EL 20D EE S SR
E 12 I« 5 1725 21 7] LR-J- 12883 ~
LR-J-13323 ~ LR-N-13398 ~ LR-N-13770 1%
g [Ty B ELE B N e SR TR R
PCR e q'ér ’);',-'{]frépﬁ?r’é",' SR 1FT(7’ 13, 14, 19, 26,

Vo s R T Fe g D R T R
Chromas %«% IR R SR E Rk o
e ( DNASIS® for Windows (Hitachi) )
Ji—(’ BEIESEEIEN fyrh )S'}I l;ﬁ_ﬁ; VT ’ IJ Y f
a5 16S IDNA (S TR 2[R 1 o 5URY =Y/




E(E P f{hfl ( Diptera: Tephritidae: Dacinae ) #1441 HI3 %F}fg[ P 3

B S V25 Sy S )
S # %  ( Vector NTI Suite (v.6.0)
(InforMax, Inc.) ~ DNASIS® (Hitachi) )
MEGA2 §f {41852~ 5 53 709 25 &
TEREEBEENIS B 5 X251 '?fﬁlm

Soe 19T EBLA E S AE

EE Sy E TR

EEY SR WA (=S o
19T B i T 2
ol 9 RS kA R "“"*;'-’rjl:/?,\
#2222 T ( Ceratitidinae ) >

—

( Phytalmiinae ) *° X &
( Tephritinae ) & 2 &g 27 5 ] Jsm“vﬂgt e
==T| (Trypetinae) 4 & 4% » 735~ o

Table 1. Classification status of the 19 tested fruit flies

Taxon

Chinese name

Subfamily Dacinae

Tribe Dacini

Bactrocera (Bactrocera) dorsalis (Hendel)

B. (B.) ferruginea (Fabricius)
B. (Zeugodacus) cilifera (Hendel)
B. (Z.) cucurbitae (Coquillet)
B. (Z.) diaphora (Hendel)
B. (Z.) scutellata (Hendel)
B. (Z.) synnephes (Hendel)
B. (Z.) tau (Walker)

Dacus (Callentra) formosanus Tseng & Chu

Outgroup
Subfamily Ceratitidinae
Tribe Gastrozonini
Acrotaeniostola sexvittata Hendel
Gastrozona fasciventris (Macquart)
Subfamily Phytalmiinae
Tribe Acanthonevrini
Acanthonevra speciosa (Hendel)
Phorelliosoma hexachaeta Hendel
Subfamily Tephritinae
Tribe Tephritini
Spathulina acroleuca (Schiner)
Tribe Schistopterini
Rhabdochaeta formosana (Shiraki)
Subfamily Trypetinae
Tribe Adramini
Euphranta apicalis Hendel
Coelotrypes latilimbata Enderlein
Tribe Trypetini
Carpophthoracidia matsumotoi Shiraki
Fusciludia ensifera (1to)
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Table 2. Nucleotide divergence among 19 species of fruit fly

Taxon" 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Bs 1

Bt 2 0.008

Bcei 3 0.045 0.041

Bsc 4 0.035 0.032 0.039

Bdi 5 0.044 0.040 0.053 0.029

Bdo 6 0.054 0.047 0.052 0.054 0.055

Bc 7 0.027 0.024 0.056 0.045 0.056 0.063

Bf 8 0.061 0.058 0.062 0.054 0.062 0.052 0.063

Df 9 0.113 0.108 0.115 0.092 0.104 0.116 0.124 0.117

Rf 10 0.127 0.119 0.135 0.131 0.123 0.132 0.143 0.143 0.172

Sa 11 0.144 0.136 0.150 0.146 0.135 0.127 0.155 0.157 0.186 0.109

Gf 12 0.079 0.078 0.087 0.082 0.083 0.084 0.090 0.092 0.138 0.123 0.132

As 13 0.082 0.079 0.096 0.085 0.082 0.078 0.092 0.099 0.137 0.130 0.118 0.048

Ph 14 0.104 0.103 0.114 0.111 0.113 0.101 0.116 0.104 0.160 0.144 0.148 0.120 0.111

Asp 15 0.133 0.145 0.154 0.126 0.157 0.147 0.156 0.153 0.194 0.189 0.184 0.147 0.129 0.102

Fe 16 0.129 0.137 0.158 0.134 0.145 0.138 0.150 0.151 0.205 0.187 0.174 0.165 0.153 0.152 0.193

Cm 17 0.125 0.139 0.146 0.119 0.136 0.139 0.147 0.142 0.192 0.171 0.189 0.137 0.137 0.142 0.185 0.149
Cl 18 0.110 0.124 0.143 0.095 0.121 0.130 0.142 0.132 0.178 0.151 0.167 0.139 0.119 0.122 0.165 0.188 0.142
Ea 19 0.113 0.111 0.125 0.113 0.109 0.119 0.128 0.132 0.166 0.161 0.180 0.138 0.133 0.138 0.153 0.203 0.145 0.079

Y Bs: B. synnephes, Bt: B. tau, Bci: B. cilifera, Bsc: B. scutellata, Bdi: B. diaphora, Bdo: B. dorsalis, Bc: B. cucurbitae, Bf: B.
ferruginea, Df: D. formosanus, Rf: R. formosana, Sa: S. acroleuca, Gf: G. fasciventris, As: A. sexvittata, Ph: P. hexachaeta, Asp: A.

speciosa, Fe: F. ensifera, Cm: C. matsumotoi, Cl: C. latilimbata, Ea: E. apicalis.
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Acrotaeniostola sexvittata

Crastrozona fasciventris

Acanthonevra speciosa

Phorelliosoma hexachaeta

Spathuling acrolenca

Rhabdochaeta formosana

Euphranta apicalis

— Coleotrypes latilimbata

Carpophthacida matsumotoi

Fusciludia ensifera

1 Bactrocera (B.) dorsalis

B. (B.) ferruginea

Dacus (Callentra) formosanus

-l— Bactrocera (Zeugodacus) diaplra

e B. (Z) scutellata
B. (Z.) synnephes

'I__ B. (Z.) tau

e B. (£.) cucurbitae

B. (Z.) cilifera

El- 197 ST IRE 16S rDNA B[] » ] Vector NTI Suite 3% %3 {7 7355 '?fﬁ[—.\ 2
2| Neighbor Joining method (NJ)7, i, 53 {F 5585 5 %Y o

Fig. 1. Relationships of 19 fruit flies, analyzed with the software, Vector NTI Suite. The

phylogenetic tree in the Vector NTI Suite was built using the Neighbor-joining (NJ)

method®”. The NJ method works on a matrix of distances between all pairs of

sequences to be analyzed. These distances are related to the degree of divergence

between the sequences. The phylogenetic tree was calculated after the sequences were

aligned.
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Rhabdoechaeta formesana 170, 9%
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Euphranta apicalis —
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89.7%
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76.0%
Bactrocera (£.) synnephes T |9B. 8%

B. (Z.) tau —  193.7%
B. (Z) scutellata 93, 4% §6, 5%
B. (Z.) cilifera — 1 Al 70,24

B. (Z.) diaphra a0, 5%

B. (Z.) cucurbitae 183, 7% 82,195

R. (B.) dorsalis E“Bi'“ms

26./5%

B. (B.) ferruginea

Dacus (Callentra) formosana

Fusciludia ensifera

Curpophthacida matsumotoi

ElD N 19 TEL BB RS 16S tDNA K27 s ] DNASIS®#E 53 {7 /3 Rl it o {2
UPGMA 7, 5. %%,3¢ ¥ Higgins-Sharp %= ““§]» = 212257520 E 1504 (E( Gap
penalty: 5, No. of top diagonals: 5, Fixed gap penalty: 10, Floating gap penalty: 10,
K-tuple: 4, Window size: 5 ) o

Fig. 2. Relationships of 19 fruit flies, analyzed with the software, DNASIS®. The program
takes as input a dendrogram produced by applying the UPGMA method to a matrix of

similarity scores for all aligned sequences(24)

. The Higgins-Sharp branch-scoring
operation used these default parameters (gap penalty: 5, no. of top diagonals: 5, fixed

gap penalty: 10, floating gap penalty: 10, K-tuple: 4, window size: 5).
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Dacus formosanus

Spathulinag acrolenca

Rahdochaeta formosana

Fusciludio ensifera

Carpophithaoracidia matsmeotol

Acanthonevra speciosa

95 Bactrocera synnephes
100
— R tau
45
B. cucurbitue
33 B. cilifera
40 B. scutellara
60— B diuphora
2 . dorselis
70 B. ferruginea
49
100
42 Crastrozona fusciventris
99! Acrotaeniosiola sexviffati
aa
100 Phorelliosoma hexachaeta
54 Coelotrypes latilimbara
100 Enphranta apicalis
—_—
2.2
Bz~ ‘J“?\;é'--?\"fé"{%%"wwn 16S rDNA 57| »

Neighbor-joining 3 2% 7= B {¥ nmj /wﬁ'e % o

Fig. 3.

") Kimura-2-parameter 32% {554

(23) (

\ng

J%

Phylogenetic analysis from 962 nucleotide sequences of the partial 16S rDNA of 19
species of fruit fly, constructed by Kimura 2-parameter distances®”

under the

Neighbor-joining cluster method. One thousand bootstrap replications were used.
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75 Bactrocera synnephes

o7

B. tau

B. cucurbitae

B. cilifera

N
[ ]

B. scutellata

a0 B. diaphora

Dacus formosanus

B dorsalis

50 | " — B. ferruginea

90 Spathulina acroleuca

Rhabdochaeta formosana

— Gastrozona fasciventris
71

o]—— Acrotaeniostola sexvirtara

96 Phorelliosoma hexachaeta

Acanthonevra speciosa

— Coelotrypes latilimbata

9g—— Euphranta apicalis

Fusciludia ensifera

Carpophthoracidia matsumotoi

FAIRIN

Fig. 4.

| JTE A EE AR 16S IDNA BP0 D EeR i b5 W R E S e e

ﬂ?%ﬁyw@o

Cladogram from 16S rDNA sequences of 19 species of fruit fly, constructed by
maximum parsimony methods based on a heuristic search under the
close-neighbor-interchange (CNI) method. One thousand bootstrap replications were
used, and only consensus values greater than 50 are shown.
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ABSTRACT

Chang, H. Y.'*, Tzeng, C. C.%, Tsai, W. H.>, Kao, S. S.%, and Tseng, Y. H.! 2003.
Phylogenetic study of the Dacinae (Diptera: Tephritidae) using partial sequences
of mitochondrial 16S ribosomal DNA. Plant Prot. Bull. 45: 1- 15. (‘Bureau of Animal
and Plant Health Inspection and Quarantine, Council of Agriculture, Taipei, Taiwan
100, ROC; *Department of Bio-pesticide, Taiwan Agricultural Chemicals and Toxic
Substances Research Institute, COA, Wufeng, Taichung, Taiwan 413, ROC;
*Department of Entomology, National Taiwan University, Taipei, Taiwan 106, ROC;
*Kaohsiung Branch, Bureau of Standards, Metrology and Inspection, MOEA,
Kaohsiung, Taiwan 802, ROC)

Nineteen species of fruit flies trapped from northern and central Taiwan were
examined, including 9 species of the tribe Dacini, Bactrocera dorsalis, B. ferruginea,
B. cilifera, B. cucurbitae, B. diaphora, B. scutellata, B. synnephes, B. tau, and Dacus
formosonus, and 10 outgroup taxa from the other 4 subfamilies of the Tephritidae,
Acrotaeniostola  sexvittata, Gastrozona fasciventris, Acanthonevra speciosa,
Phorelliosoma  hexachaeta,  Euphranta  apicalis, Coelotrypes latilimbata,
Carpophthoracidia matsumotoi, Fusciludia ensifera, Spathulina acroleuca, and
Rhabdochaeta formosana. Sequence data from about 900 bp within the
mitochondrial 16S ribosomal DNA were amplified by polymerase chain reaction and
sequenced using the dideoxy chain determination method. Based on sequence
comparisons, phylogenetic relationships among the included taxa were inferred using
Neighbor-joining and maximum parsimony methods. Trees were congruent with the
morphological classification and suggested the following phylogenetic relationships:
(1) monophyly of the tribe Dacini including Bactrocera and Dacus; (2) a sister group
relationship between the tribes Gastrozonini and Dacini; (3) respective monophyly of
the tribe Adramini, tribe Trypetini, and tribe Acanthonevrini, and a possible
relationship between them and the tribe Dacini remain to be clearified; and (4) the

non-monophyletic nature of the Trypetinae between the tribes Adramini and Trypetini.

From 16S ribosomal DNA data, we also propose that (1) B. ferruginea is a definite
species, and its previous combination as a synonym of B. dorsalis should be revised;
and (2) Coelotrypes can be maintained as a separate genus distinct from Euphranta.

(Key words: Tephritidae, Dacinae, 16S rDNA, phylogeny)

*Corresponding author. E-mail: hychang@mail.baphiq.gov.tw



