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Abstract; [ Aim] Mealybugs are one of the most important quarantine pests that injury a variety of
tropical fruits and vegetables worldwide. Usually, mealybugs intercepted in the quarantine inspection

include eggs, nymphs or debris, and there exist several cryptic species and small difference in related
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species, which make them difficult to be identified by traditional morphological identification methods
correctly and timely. In this study, the validity of DNA barcoding in identification of Planococcus minor
(Maskell) , a potential major alien invasive species to China, was evaluated. [ Methods] The 5'- and 3'-
end of the mitochondrial cytochrome c oxidase subunit I { COI) gene and 28S ribosomal DNA (rDNA) of
36 individuals of Pl. minor intercepted during passenger inspection were amplified using universal
primers, and Pl citri ( Risso), a related species of Pl. minor, from Langfang, Hebei used as a
reference. The obtained partial fragment of 5'- and 3'-end of COI gene and D2-D3 fragment of 28S rDNA
were sequenced. The phylogenetic tree was established by using a maximum likelihood (ML) method.
The intra- and inter-species genetic distances were calculated using the Kimura-2-Parameter model.
Meanwhile, the validity of Pl. minor identification based on the above three gene fragments was tested
with Speciesldentifier software. [ Results] When the 5'- and 3'-end of COI gene of Pl. minor were
sequenced and BLAST, respectively, the nucleotide sequence identity between the fragments from
GenBank and our study is 100% and 99% - 100% , respectively. The nucleotide sequence identity of
the 5'- and 3’-end of COI gene between Pl. minor and PI. citri is 97% - 98% and 96% - 98% ,
respectively. There are 5 and 11 stable species-specific identification sites in the fragments of the 5’- and
3’-end of COI gene for Pl. minor and Pl. citri, respectively. Phylogenetic analysis indicated that PI.
minor intercepted during passenger inspection and those from the NCBI clustered in a clade. The
sequencing results showed that the D2-D3 fragment of 285 rDNA among species belonging to the genus
Planococcus has high conservation and that it could not be used to distinguish between PL. minor and PI.
citri. The genetic distance between the two species is 0. 004. The results based on the software of
Speciesldentifier showed that the species identification based on 5'- and 3'-end of COI gene was
completely correct, while that based on D2-D3 fragment of 28S rDNA resulted in 45.2% -61.9% of
fuzzy identification. [ Conclusion] Our results suggest that DNA barcoding technique based on 5’- and 3'-
end of COI gene can be used to identify and detect Pl. minor rapidly and accurately. The technique will
be significant in intercepting and blocking the further spreading of Pl minor.
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TR, G RBARER 99.0% (JHEIAS, 2015),
FEKMS KRN EERBERETENEE F
W D AR R AR X, T 3 2 XU AN oy M i 1
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s, AR, RE D ERYEERFINE, 25
Kr Skt It ERAS (B RS, 2013a) ., Hd, 8
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{ mitochondrial cytochrome c oxidase subunit 1) &K fr
—BoRRE KB DNA SRTE B HE AR A Yk f 7 2
B8, ZJG BT COI B (Park et al., 2011) 55
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7 3 FEEAFE: DNA FIBREARN FHTE AR E BUREB S0 i i 4 5 A R T 749

2012) . 4, Park 5 (2010 ) &% S 0538 H B 51 9
XA 5E B RORAR T 89 1, 53 T — Xl A
HIRE COI 5193 IR RZ X 5 | il T COl 2
e K7 SRR 3R 4 8 A A AT AT M (Park er
al., 2011) , Malausa Z£(2011)E13 L& CREHE
FRRS By % W ) 7 B ROR, DL e €OI (57 37
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BETEM TRERMSERAFEE. PCR K
MARZE N 25 wL:#it DNA 1.5 wl,10 x Buffer 2.5
wl (& Mg’* ) ,dNTPs 0.4 pL (10 mmol/L) , Fi#5]
HIA TS| 9745 0.4 pL (10 pmol/L) , Tag B 0. 4
uL (2.5 U/pL),ddH,0 19. 4 pL, ¥ 38 & N 7E
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5 wL PCR ¥ =¥ 1E &6 Gold viewll R
1.0% BERe HEEE R E UL 100 V B K 43 85 45 min, R
&, VBB R G FT LIRSS R BE &k
3-S5 PCR P B kA = MR £ U
ARAEBRA G F . Eop, KBk it
T 36 Sk s MEAE B SOR TR 6 Sk (A ME AR R
3L ERI k),

1.4 FIRNESSH

LI MEGAS. 22 ( Tamura et al., 2011 ) Hl
DnaSP5.10. 01 (Librado and Rozas, 2009 ) %k {443 %1
HATFFIRIE PHE: 2 F e R B e M4y
Bro MRIGXT COT I 5" %7 3" %y ) 28S rDNA D2-
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¥4 B (Forh BOLD i P i TR T35 ¥ 2 7€ NCBI
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Table 1 Details of Planococcus minor intercepted during passenger inspection
B . . o T3 % F %5 Accession number *
HE © FERA Kl A 2 A3 - rora :
Developmental . . . COI 5" COI 3'%% 28S rDNA
No. Host species Origin Intercepting port Date ,
stage 5’-end of COI 3'-end of COI D2-D3
13 il - &4k T4 A 2015-02-10 DYTWFJ. 2015. DYTWFJ. 2015. DYTWF]. 2015.
Nymph £ ) Taipei BBRER 999079.5.1 -13 999079.3.1-13 999079.28.1-13
MR Syygium sama.r angense Wuxi Entry-Exit
4 (Blume) Merrill & .
Female adult IM Perry Inspection and
il g Quarantine Bureau 50150220
5
Nymph
o, ML
Female adult
#= 2015-03-10
g_10 SR
Nymph
SHE ity
11 -
-1 Female adult
1 il W F2ringid 2015-04-10 DYTWFJ. 2015. DYTWFJ. 2015. DYTWF]. 2015.
Nymph Garcinia Singapore 999002.5.1 -5 999002.3.1 -5 999002.28.1 -5
W R R mangostana L.
15 Female adult
16 -17 Py oA 2015-04-20
- Nymph Hylocereus
W R undulatus Britt
1
8 Female adult
19 -21 il Pl ik 2015-04-30 DYTWFJ. 2015. DYTWFJ. 2015. DYTWEF]J. 2015.
- Nymph Annona squamosa L. Hong Kong 999077.5.1 -4 999077.3.1 -4 999077.28.1 -4
5 MR
Female adult
23 s HH ey Fing WAL 2015-08-10 DYTWFJ. 2015. DYTWFJ. 2015. DYTWFJ. 2015.
- Nymph G. mangostana Singapore  IRKIEJR 999002.5.6 -9 999002.3.6 -9 999002.28.6 -9
W iz ot Gaoming Entry-Exit
26 Female adult Inspection and
07 g9 FiH Ly Tpgyy  QuaTentine Bureal 50150410 DYTWEJ. 2015. DYTWEJ. 2015. DYTWEJ. 2015.
- Nymph G. mangostana Malaysia 999004.5.1 -7 999004.3.1 -7 999004.28.1 -7
T
Female adult
31 Fih 2015-04-20
Nymph
HERR
32-3 Female adult
3435 HH ik ORPEE MBS A 2015-04-10 DYTWF]. 2015. DYTWFJ. 2015. DYTWFJ. 2015.
7" Nymph G. mangostana Malaysia  RBER 999004.5.8 —10 999004.3.8 —10 999004.28.8 — 10
W iz ot Guangzhou  Airport
36 Female adult Entry-Exit
Inspection and

Quarantine Bureau

*EEENRABR R DNA £ H 5 4 Database of Invasive Alien Species in China ( http://www. chinaias. cn).

BOHE B R E & R R — B s [l ET, T #L
BEM BRI R T (— 2 >92% ; E
BXEE.COI5 % >70% , COI 3" >85% , 288
rDNA D2-D3 >40% ) (% 3), 3 #| F BOLD (4
FrEA MR ERIE S RE AR COI B[ 5/ 550 3" %
JF 5] (4 B0 B AR AR AT i — 25 AR 2R B E . DA

MEGAS. 22 3K Kimura-2-Parameter (K-2-P)#X
R ERM AR EE R, ARG, B ERF3)
F#e 4 NCBI Hr[R] 4 A0 SO0 i & 1 LAt 4 Aoty
B RS (R A AR Rl R AR B B A 1
&) (£ 3), L NCBI H i $k | 4 8 i) ¥ 51
(GeneBank % 3+5 COI 5'%: AB858432, COI 3"
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£2 COIEME S 3'3HILR 28S rDNA H i85 MR EETESH
Table 2 Primers and key parameters for amplification of the 5'- and 3’-end of COI gene and 28S rDNA

HERFE . S1FEHI(5 -3 KB AR/ (bp) BKRE(C) S Wk
51¥ 2R Primer . .
Gene fragment Primer sequences Length Annealing temperature References
COI 5% PCOF CCTTCAACTAATCATAAAAATATYAG
~ 51 Park et al., 2010
5'-end of COI LepRI TAAACTTCTGGATGTCCAAAAAATCA 710 ark et at,
CO1 3" CJ-J2183  CAACATTTATTTTGATITTTTGG
~840 47 Rung et al., 2008
3"end of COI 3014.3R  GTATGATTTAAATTAGGTGA Hng e at
28SF AGTCGKGTTGCTTGAKAGTGCAG
288 ; ~ fetric ., 2001
rDNA D2-D3 28SR ITCCGGTCCCAACCTCTACG 780 58 Dietrich et al., 200

#3 NCBIYEETEHEBRUMNE COI HE 55 355K 28S rDNA FHIER
Table 3 Sequence information of 5'- and 3'-end of COI gene and 28S rDNA of species belonging to the

genus Planococcus from NCBI

COI 5'%5 5'-end of COI

COI 3'3%5 3'-end of COI 28S 1DNA D2-D3

W LRk B3l &4 BERERE FFIEE LR HEIE Vg FHREK

Species Number of Number of Number of Number of Number of Number of

haplotypes sequences haplotypes sequences haplotypes sequences
KPEBBIH Y Planococcus minor 4 10 5 10 1 1
BB PL citri 13 32 8 24 1 16
BB R PL ficus 7 10 5 6 3 5
BETER SO Pl Llacinus 3 7 1 1 - -
H AL Pl kraunhice 3 14 1 1 _ -
THBLH Y Pl vovae 2 2 1 1 1 2
4531 Total 32 75 21 43 6 24

KR001884, 28S rDNA: KT369516) N /p Rt et R 458
B, IR 45 43 ZHEAT 1 000 ¥R Bootstrap K5 o
&5, FI FH Speciesldentifier 477 1 iF 51 4k 44 ( Meier et
al., 2006 ) X} 5 B AT RAIE

2 HRESH

2.1 PCRYBRFEFISH

LA A AR B A ) AL 2 A K VR 3 80K i S
RO RSB, DL COT BB 5 5 Fi 37 0%
LA % 28S rDNA D2-D3 X Bz Y58 B 5141t PCR 4
B, o R R R B AR B B 408 710,
840 F1780 bp AYEE—REFRF Bt 478G K B2 X))
FF DR X RIBT UI AL B S , & SRR B B RN
Sh COI B 53 666 bp 345 786 bp,28S rDNA D2-
D3 F Bt 748 bp , KPR E R E R EISRAR
E i DNA &5 H 5 £ 48 (http://www. chinaias.
en) , REFIIBEREME 1,
2.2 FHRERM—HMESH

PR ZH M A R R (R 4), 4L Col
B 55575 8 2 F e, ik EER R 36 kK
BEOBT 5 58 AR, R la]— AR ;6 kAR
BOOB TSN IR E R (P E R EASRARERE

4t DNA &R0 5 & 45 % 52 5. GJTWF]. 2015.
065000.5.1 - 6) , 24 [f]— B A% 21 5 W FlOBY BT 57 3 A%
HRRIFFI— BN 98.2% . LI COT B 3'8%
B3 R4 FAmicEt , RSO g 6 M fsal, m
6 kMG SO Y 14 P 3 52 4 A fe] (b B R AN R
MR B H DNA SR 5 R4 % %5 GITWFI.
2015.065000.3. 1 —6) ;s FHI I 37385 1 - 51— Bobk:
H97.0% ~97.3% , %41 28S rDNA D2-D3 31K
S FRRCE , RSO INE 3 Fh oAl g o
M P B 52 AR (o B 224 R AR E B DNA
FHM RS REH RS GITWF]. 2015. 065000.
28.1-6), Fiflkif 28S rDNA D2-D3 51 i) — 5
4 99.7% ~100.0%

KRR P IRBHREB L col £H 5
s 3 s T SR 51 5 NCBI H KB 808
WY FE DL TS HEAT EE XS i (R 4) , BT RT3
—PESTH1H 100% F199% ~100% 5 55358 AP TG
SO WA R R BRI B B — B A A 97% ~
98% F1 96% ~98% , A W57 H KB 8Ok I 288
rDNA D2-D3 J BL 555 NCBI ¥ K ¥ B 808 iy
HAN P H B — BN 99% ~ 100% , 5E &M
LUKy S M N A% T BRI 5 I — BN  99% ~
100% (£ 4) ,
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R4 REBRAEBIHHNAERR S NCBI HUIEE 53| BLAST 247
Table 4 Haplotypes of the sequences from Planococcus minor intercepted during passenger inspection and
their BLAST with sequences from NCBI

5 NCBI i —EHR S 1 3 &7 FIRT EL X

HEE R BAFETR A Three of the Best NCBI BLAST hit
Gene fragment Haplotype Sample number BRE Hyfh —Bt (%) EBKEBKE(bp)
Access number Species Identity Coverage

- HM474320 100 660

S ond o f’g’w HI 1-36 HM474312 Pl minor 100 649

HM474314 100 641

KJ187522 100 742

H1 23 -26,34 - 36 EU250524 Pl minor 100 699

EU250520 99 715

EU250520 100 715

H2 L3 _92‘71’22—9133‘1 1_73’219 -2, EU250523 Pl minor 100 700

EU250522 100 699

EU250520 99 715

H3 2,28, 30 EU250523 Pl minor 99 700

COI 33 EU250522 99 699

3"-end of COI EU250520 99 715

H4 10-11,16,18 EU250523 Pl. minor 99 700

EU250522 99 699

EU250520 99 715

H5 14 -15 EU250523 PL minor 99 700

EU250522 99 699

EU250520 99 715

H6 33 EU250523 PL minor 99 700

EU250522 99 699

JQ651362 100 623

HI [,3-4,8-9,11-12,15-19. JQe51165 Pl. citri 100 619

21,27,31-35

JQ651164 100 583

GU134661 Pl minor 100 310

28S 1DNA D2-D3 H2 257 ‘1238‘_134 0” 2306’22 -2, JQ651362 Pl citri 99 623

JQ651165 99 619

JQ651362 99 623

H3 10 JQe51165 Pl ciri 99 619

JQ651164 99 583

2.3 RBREBOH

A NCBI HELU & 6 R Y & R &7
T RERE M. BRER, BaRILL cor
ERE 5 wm( B 1 A) s 35w (B 1. B) FFI TR
ICHT, IREEGRAY 36 Sk R PR LU0 W &5 S 1Y
S5EBEPHIREB SRR —3, 7 TR
431K 98% T 93% ; A6 5 P AR B Uy I 5
NCBI 1 G R S0 i IR B8 R — 32, T L, B i
Wy & W H AR IR & 5 BN — X, F L R U AL
Wi Esr (B 1. AFIB), %14 28S rDNA D2-D3
FFFI R FARCE, B BRI T B IR R A —
KRB KRB SO0 0 FAHE B a0 R g 2 5 TE
BT R 5r 3 (B 2) .
2.4 YHETHREITEG
2.4.1 PS5 FpIEBRALEE 5. LI MEGAS. 22 34

WY K-2-P BRI TS AR B 9T DL SRR e oK v B A
oy it AT B SO S O P S R R 0 A5 B 2, 45
MR, UL COI B 5" 5 ¥ 51 0 4 FhRic i, K
T S0k M FOAT AR B SRS gy e ) a8t 12 18 5 OR0. 0225
LA cor B 3055 A4 FARCHT, FRa] gL
FEES 47 0.029; X414 28S rDNA D2-D3 [X Bt 5| 43
Fhricht, fhEEEZ IR 24 0.004 (£ 5) o

2.4.2  YIRAL SRR AR ST W ABIEST LA K NCBI
R SUR I FIAT A B S0k W 1 BT B A5 R T 51
BT HO A, B R R, g & COI & 5 il
R 3" ¥ P 3 2 TR FROE 1 T R B S0 Y R B AL
J5 (P 3), i 28S tDNA D2-D3 REFM T, Hrp, 78
COI Z: I 5'35 469 bp W EZIFHIPFEE 5 TR A
L, BRTE WRBIN SN T #4553 L, 5
YT BB IEE M 7E 3% 654 bp ESFH| 7
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A Pl citri-10-ES {n=D)
PL ciri-10-KR {HM ) (n=1)
E% a_ért_-%O-[%R 3 06l 5) __n=)l)
pr o2 R (97%:1)
Pl citri-5-BR én:l)
Pl eiri-9-EG n:l)]
Pl citri-9-VN )_}n: E
. eetri-9-KR 7, 38219) (n=3)
A 9-FR (n=1
P% curi-11-B 4) (n=2)
Pl cyri-11-PH 80-2) (n=3)
Pl curi-1 1-VN 3 ?(n 2})
e -4 GU134706) (n=2)
Pl atri-11-K 8938 n=|
Pé ciri-13-BR 3061 1,2) (n=
Pl cir-2-ES E n=
Pé cyr-8-kS (JF7 n=1
91 cur-8-VN (HM (n=1)
] cari-8-ER (JOO! n=1)
Pl cire-1- <B [HA (n—l)
by R A5 15000.5.1-6) (n6)
DI ciri-4-KG U e "
100} HPL citri-12-EG 544) (n=
Pl minor-2-CN (JF9 n=l{
Pi minor-2-BR 3 n=
Pl minor-3-TH % n=1
Pl. mynor-4-VN 3 n=|
Pl minor-HI1-H 13.2015999077.5.1
Pl munor-Hi-TW (DYTWE].2015.999079.5.1
. minor-HI-MY (DYTWFJ.2015,999004.5.1
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Fig. 1 Maximum likelihood tree based on the nucleotide sequence of 5'-end (A) and 3'-end (B) of COI gene
SIAABEFEREE 1 000 FHEI IS B RBE(>70%) ; 5 RR#fE B Numbers around branches are bootstrap values ( >70% )

1 000 replicates. The scale har indicates genetic distance. Planococcus minor-H1

FBEWXGE , HSHHTEEBIRARR

calculated by
-H6 ([Fl&4) ARRERN AR B AR (BITSEAE
B DNA SRS RGI REFFIE RS, FE L o BF—BRR Ok A R B RS X K758
H,[R34) Pl. minor-HI to H6 ( the same as in Table 4 ) are the haplotypes of intercepted Pl. minor samples during passenger inspection ( The
characters after the dash are the abbreviation of country or region; the accesses number of Database of Invasive Alien Species in China, the same as in

Table 1, and the number of haplotypes that from the same county or area, that are all shown in the brackets). GITWF].2015.065000.5/3.1-6; K H

TG B BORH A B SN PL citri samples collected from Langfang, Hebei.
] — B R R FF 5L F Other branches represent the haplotypes of mealbug species from NCBI.
sequences that from the same country or region sharing the same haplotype are shown in the brackets.

lilacinus; B ASBELUBYY PL kraunhiae; KBS Pl vovae; $RBEWY Ph. solenopsis; B M. hellenica. VN: #F§ Viet Nam; TW;

HAR 4 3R NCBLBHE & & YR B A5 T, 355 92 GenBank
The GenBank accesses numbers and number of
BE MY PL ficus; BEFEBBMY PL
PEE

BRE,n

7 Taiwan, China; TH: Z&{H Thailand; CN #[H Akl Mainland, China; BR: ¥ Brazil; KR: #[E South Korea; ES; FHIF Spain; EG. B K
Egypt; FR: ¥ [H France; PH: FEIE Philippine; US: 5% [F The United State of America; JP: HZK Japan; ID: EJJE Indonesia; AS: E/EFEE T

American Samoa; TT: #F37 JE 1A% B 5 Trinidad and Tobago; IR: fHHA Iran; ZA: FIE South Africa; 1L.;

LU %) Tsrael; AR: STHRZE Argentina;

SG: #H ik Singapore; HK: ¥ [E % # Hong Kong, China; MY, 3K P W Malaysia; IN; 8K MMARA B F 5, JCJE = #1115 B The intercepted

samples without origin information. [ 2 [7] The same for Fig. 2.
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Fig. 2 Maximum likelihood tree based on the nucleotide sequences of D2-D3 region of 285 rDNA
Planococcus minor-H1-H3 . Mek B FRAY KBS0 i1 8. 4% T Haplotypes of intercepted Pl minor samples during passenger inspection. GJTWEF].
2015.065000.28. 1-6; & i JLERLFaYRItE B S08 r PL. citri samples collected from Langfang, Hebei.

F5 REBIHWNAMHEE BN ESEEES
Table 5 Intra- and inter-species genetic distance of

Planococcus minor and Pl. citri

F14 Intra-species

AR . : #hi
Gene fragment REEBLOB *ﬁ%%ﬁﬁﬂ’ﬁ Inter-species
Pl. minor Pl. citri
COI 5'3%
.003 . 0.022
5’-end of COI 000 0. 006
COI 3'%%
0.004 . 0.
3'-end of COI 0.006 029
28S rDNA D2-D3 0. 005 0.000 0.004

T 1SRN, b 8 YU s TS 146 3
fir, HEMZRE,FIH COI F W 5" 5 3" S FF 5148 7
i BB HERS X KPR SO i 5 TS B Sk i

x6 BT

2.5 MRERNABETN

IR R B A4S E #r COI L [H 5" 5540 3" 35 LA
¢ 28S rDNA D2-D3 F BLFF 3 0 K ¥ B 8081 i A
WL 45 B HETR R, 4 SRR, UL col &
B 5" %5F0 3" 35 5 5 4 43 F AR eT, 3 FrPEM 8 bR
BREEERERN 100.0% , BEAFALEHIRM
RUCELBLSR , IR B % K B S04 v A A T S0k
S5 45 R 5¢ 2 1E 0 17 24 LA 28S 1DNA D2-D3 KBt
FFAI A4y TRt , 3 FiE M iabR e MR 30N
38.1% ~54. 8% , R4 % 5 LR35 45.2% ~61.9%
RS EHIRARICE B &, Tk M5 X 4 7 F
Baom(Ee) .

BELER”, “BEEHTE" N MEDHHNERE NUMEEARE

Table 6 Species identification accuracy rate based on “best match” , “best close match” and “all species barcodes”

FFEVLER Best match B AVEED Best close match A Y 09 258 All species barcodes
N B TFHETE(%) BHEER(%) FHEEE(%) BHEER(%) EREER(%) RS ER(%)
Gene fragment Rate of correct Rate of ambiguous Rate of correct Rate of ambiguous Rate of correct Rate of ambiguous
identification identification identification identification identification identification
COI 5" 35
100.0 . 100.0 0.0 100.0 0.0
5'-end of COI 0.0
COI 3%
100.0 0. 100.0 0.0 100.0 0.0
3'-end of COI 0
28S rDNA D2-D3 38.1 61.9 38.1 61.9 54.8 45.2

3 g

DNA I % E AN ZIRA B R FH

B2 R R #) (Ashfaq et al.,
2010; Singh ef al.,

2010; Pieterse et al.,
2012) , 3% AL B A A Pes |
RS O R R YRR EEY 0

%ém%&f—ﬁ%%ﬂ@ﬁ?ﬁ?&‘o SR, by T8



FEAEL: DNA ZIEFHAN TABEARE BB LR I 894 E B BT 5 755

A wlminoz-m
Pl.minox-1
PL.minor-2
Pl.minox-3
PL.minoz-4
©1 eitri-n1
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Fig. 3 Species-specific identification sites in 5'-end (A) and 3'-end (B) of COI gene of Planococcus minor and Pl citri
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ST AR A Z, HiE & MR E 58D
( Hodgson et al., 2008 ; Rung et al., 2008; Chu et al.,
2009; He et al., 2012) , PRI {8 FRR o 89 4005 X
Bx, B COI [ 5' #7551 ( Hebert et al., 2003 ) , AT fE
AHEH B #4799 F X 43 ( Moritz and Cicero,
2004) , M3 F 25 W A BRI SR IB M B A K&
A A HERR R B S PR % 1R T el (Malausa et
al., 2011 ; Abd-Rabou et al., 2012 ; Pacheco da Silva
et al., 2014}

AL E 3 SO ARG 4 ~E
F/HIX 10 HERE) 36 3k KPR LU I AR A
X, DIEGE S RAG B SOn i A 2 8, BF RO
WEFLRRE COIFER 55 F0 37356 17 5, AR R
28S rDNA D2-D3 [X Efff) DNA S&TEM A Mg E
KARE BRSO B 45 8 R M, 5 R,
COI F:[H 535 F1 3" i 351 RE HEAf b 56 2 P AR & ik
%y, i 28S rDNA ZIJCREN 1. IR 45 (2011) By
5T IR & B ,28S rDNA TEBE LU B Y1 2Z [l
PRSF, LA TR KB SO0 5 H g &R G
Bo gy i E A S Y PL ficus (Signoret) . i
Malausa 2£(2011) 93— W53 ) % 38, 28S rDNA
D2 XA ILAE B T. princeps B H X Bt [A]A: ok X
AYBEEOR N B B9 8 coT B H 5355 3 55 T 5
HM TG, EHE, PN SRR A EE LA L
KR RHFIEVIT ) Re G HER 45 € IR E 4K
5 (Hebert et al., 2004) , M4AHFFTLL COI FH 53
1 3357 51 R4 F A i i, R B S0 W F0 A A7
SO R RLR G IR B K F 2% 0 B RR ) SR
(Hebert et al., 2004 ) ; SR Fh (Bl 15 1R B A 2 Ff Y
BHEFE R Y 10 £5 48 3 Z I o3 X, #F 1 fe v i
X AP 4 ( Aliabadian et al., 2009 ; XI|{E &
& 2014) . SR, XL 28S rDNA D2-D3 [X Bt J¥ 5
KA FARICET, I Rl ] a8t 1 B B TR R
{RRE R, TCHE X B AL A W AT A X 4. LA
PRSI T — B T R B R, & T Col
E 5 3w p A R e 4 R e 2 IR T T
28S rDNA D2-D3 [X B4 /5 3 W7 76 &5 Lb Bl A B8
YRE , ToHk MERA DX 4 X PIFR A T o

KR BUR W RN A B S0 i TE A AR L AR L
(Cox, 1989) , MELUE DGR ATE A T7 1T HER
YE . (AT (2011) KB, COI 2R 5" 567 51
A R BRA R, TR N 8O R 3 R & Ao
TSR, IR TREFEIM . R
TS s R BB, 76 COI ZL[H 5/ 5 F1 3/ 30 JE 5]

BT ERRE 8 IRF BRI R AL . SR, /i
B, BT Col 5 3" 5 5% W EF-l1a ()}
%, Rung % (2008 ) $2 1 7] HE 77 75 K V5 808 -1t
LRI S, RN HL A N KLU i 43 3
FHE A8 S8 Wt 73 3 % Hawaiian 4332 ; T H., 165 M
F COI B H FUE 48 = FRAE L I b B84 1 15 B % R
HER ML IX 733% 3 N 3, JFHEMIIE T COI 3 3%,
FFHT At T REX 43 3 N ST R IR YIRS A B,
K B £ & M ( restriction length
polymorphism, RFLP) ¥4 AR ( Rung et al., 2009) ,
ARPFFEIHET COI FH 3 Wt N R E R B (E
1: B) , KB LSURIE LA ML 4 3 JF 5 Hawaiian
SRR FRRA 54% ) SRE SIS
BB OB R E B K4 3, 55 Rung 5§ (2008) B
PR AR EEA —F, Abd-Rabou 5£(2012) N5&@ 1 Xf
COI B[R 5" 3 JF 51 3 AFr 5 o, ARG 8 803 i B e
Wil ZR B, AR ERFER, AR T
COI B 5' vl 3" st B R R G2 R B Y[Rl R AFAE
KRR (E D), AT, EERIRERT & T
COI $£H 55701 3" %5 ¥ 5} ) DNA ST R% 4% A Rg:
TR 2 KT SO, JF BB R0 X 4 K
LRI SR ARG B SO . AT, X
i Rl A T 0 S5 0 , W 5 HE — 2P I R LAt Y
S FARETT I, R I A BHE 2% AT R
% RAEYFEE ZFRIEY, U — S B KRB
M SHIEZM KRR . REREBL 8 R ™
Hb H B # JC B IE ( Francis et al., 2012b) , SR {&
BERRRMAEEQN) ERERE CE RN
IR SO S E T ARy [l — s R (1.
A) ATRESRIE T 279 ;1 H, 49 W B & A B ikk
BIRRFEBLOR Y EEZRER (B 1), 2™
DIEES

APFITUESE , FF COI FE N 5" 5 F0 3" v ¥ 51 B9
DNA FIE 4 AR 58 2 7] LA AT O 5 i A6 4 i B R
PRMER % 5E 5 T 5 373 1 1) A #E 1) K 808
YR E RSN SRS e, B8R T
SS-COI ,RFLP Hric i 47 Ff Pesg Gl £ AR B i & 5 R
RRMES%, FEE, S0 2 AR E R X SN
KREB L, NEAE S R A e E IR
DA RAGRE T B R S A M EiR T 3 AR Rs™
B, AR Ik — 2B B RE, Ah 3B T R K
REEON BRI 2 W) A A S 2 R B 55 ( Francis er
al., 2012a) , 32 F 45 1 4 3 25 ( Ravuiwasa et al.,
2009 ) K e 1S e MO0 3R , PR BLA B9 5 B AR ik

fragment
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5B Z (Ho et al., 2007; Millar, 2008) . & K&
(Francis et al., 2012¢) 25 KBS BB 1A %%
RO HABB R AME &
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