DOI:10.6661/TESFE.2004015 A& E sFormosan Entomol. 24: 159-171 (2004) 9L ERE Research report

JFormosan Entomologist

Journal Homepage: entsocjournal.yabee.com.tw

Application of the PCR-RFLP Technique for the Rapid Diagnosis of Scale Insects (Homoptera:
Coccoidea) on Imported Agricultural Products in Taiwan [Research report]

FA PCR-RFLP iR FEESEENRERPERMNTRE (FEE : MRBER) [(HRRS]
Yi-Chung Chiu and Wen-Jer Cheng-Yu Wong and Shu-Pei Chen Cheng-Jen Shih*
B—tp » BE FIRF - B AEA*

*BHEEE-mail [F shihcj@ntu.edu.tw

Received: 2004/03/20  Accepted: 2004/06/20  Available online: 2004/06/01
Abstract

There are 30 scale insect species which have been intercepted from agricultural products coming into Taiwan by quarantine

workers at customs. This study attempted to develop a molecular diagnostic technique (polymerase chain reaction-restriction
fragment length polymorphism, PCR- RFLP) using genomic DNA markers (ribosomal DNA, rDNA) for identifying 16 scale insect
species. NS7 and ITS6 primer sets were used to amplify ITS1 and its flanking regions of rDNA from genomic DNA as a template
extracted from a single specimen. DNA extracted from these 16 scale insect species yielded a single fragment after PCR
amplification. These PCR products were then cut with various restriction endonucleases in order to compare the results of
restriction fragment length polymorphism. Our results also reveal that it is possible to discriminate these 16 scale insect species
based on the species-specific patterns acquired from digesting the PCR products with the endonucleases, Taql, Mspl, and HaellL
Futhermore, we also a set up a molecular key for these 16 scale insect species based on their RFLP digestion patterns.
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Table 1.

Sequences of PCR primers for amplifying nuclear rDNA

Location Primer name Primer sequence (5'—>3) Reference
18S of rDNA NS7 GAGGCAATAACAGGTCTGTGATGC White et al., 1990
NS8 TCCGCAGGTTCACCTACGGA White et al., 1990
ITS5 GGAAGTAAAAGTCGTAACAAGG White et al., 1990
Amur18S-3 CGTTGATTACGTCCCTGCCCTTTG Chiu et al., 2001
5.8S of rDNA ITS6 GAGCCGAGTGATCCACCGCT Designed by Armstrong
(unpublished data)
—
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NS7 _ —>
5.88
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and Tissue Genomic
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Locations of PCR primers for the nuclear rDNA given in Table 1. Arrows represent the 3’ end of each primer.
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Fig. 2.  Amplification patterns of PCR products of the 18S region of rDNA using the primers, NS7 and NS8, for 15

scale insect species.

1. Chrysomphalus aonidum; 2. Aspidiotus destructor; 3. Thysanofiorina nephelii; 4. Coccus hesperidum; 5.
Saissetia oleae; 6. Saissetia coffeae; 7. Icerya aegyptiaca; 8. Pseudococcus longispinus; 9. Nipaecoccus
filamentosus; 10. Planococcus kraunhiae; 11. Pseudococcus comstocki; 12. Dysmicoccus brevipes; 13.
Planococcus Minor; 14. Pulvinaria psidii; and 15. Pseudaulacaspis cockerelli.

M, 100 bp DNA ladder marker (MBI Fermentas).
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Fig. 3. Amplification patterns of PCR products of the ITS1 region and small portions of the 18S region of rDNA
using the primers, NS7 and ITS6, for 16 scale insect species.
1. Icerya aegyptiaca; 2. Chrysomphalus aonidum; 3. Aspidiotus destructor, 4. Thysanofiorina nephelii; 5.
Pseudaulacaspis cockerelli; 6. Coccus hesperidum; 7. Saissetia oleae; 8. Saissetia coffeae; 9. Pulvinaria
psidii; 10. Nipaecoccus filamentosus; 11. Dysmicoccus brevipes; 12. Ferrisia virgata; 13. Cataenococcus
hispidus; 14. Planococcus kraunhiae; 15. Planococcus minor; and 16. Pseudococcus longispinus.

M, 100 bp DNA ladder marker (MBI Fermentas).
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Fig. 4. Amplification patterns of PCR products of the ITS1 region of rDNA using the primers, ITS5 and ITS6, for 16

scale insect species.

1. Icerya aegyptiaca; 2. Chrysomphalus aonidum; 3. Aspidiotus destructor; 4. Thysanofiorina nephelii; 5.
Pseudaulacaspis cockerelli; 6. Coccus hesperidum; 7. Saissetia oleae; 8. Saissetia coffeae; 9. Pulvinaria
psidii; 10. Nipaecoccus filamentosus; 11. Dysmicoccus brevipes; 12. Ferrisia virgata; 13. Cataenococcus
hispidus; 14. Pseudococcus longispinus; 15. Planococcus kraunhiae; and 16. Planococcus minor.

M, 100 bp DNA ladder marker (MBI Fermentas).
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Fig. 5. Interspecific RFLP analysis of the ITS1 and 18S/rDNA region PCR products (primer sets, NS7 and ITS6)

(endonucleases, A. Mspl; B. Taqgl; and C. Haelll).

1. Icerya aegyptiaca; 2. Chrysomphalus aonidum; 3. Aspidiotus destructor, 4. Thysanofiorina nephelii; 5.
Pseudaulacaspis cockerelli; 6. Coccus hesperidum; 7. Saissetia oleae; 8. Saissetia coffeae; 9. Pulvinaria
psidii; 10. Nipaecoccus filamentosus; 11. Dysmicoccus brevipes; 12. Ferrisia virgata; 13. Cataenococcus
hispidus; 14. Pseudococcus longispinus; 15. Planococcus kraunhiae; and 16. Planococcus minor.

M, 50 bp DNA ladder marker (MBI Fermentas).
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Planococcus kraunhiae Planococcus minor Ferrisia virgata
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BN RENRBRETELERREE2 (DNAPCR &Y (5l F#&% NS7 and ITS6) LUKEEALIES (A. Mspl; B. Taql)
tDEl:21EA RFLP BIFEMA o
Fig. 6. Intraspecific RFLP analysis of rDNA/PCR products using the endonucleases, A. Mspl; and B. Taql. The
rDNA/PCR products are from different growth periods of the same scale insect species.
E, egg; N, nymph; £, adult female.
My, 50 bp DNA ladder marker (MBI Fermentas); M2, 100 bp DNA ladder marker (MBI Fermentas).
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Table 2. DNA marker key for the 16 scale insect species used in this study

1. ITS1 PCR # %7 (3] £ NST+ITS6) 4 900 bp
. ITS1 PCR # %7 (3] £, NST+ITS6) /|4 900 bp
2. PCR %44 Msp I Tt 410, 390, 300 #1 110 bp “4

oo Ino

e (Icerya aegyptiaca)

- PCR #I') Msp I TgJfi' i 700, 170 #1 110 bp A [ ----mmmnmmmmmmemm ﬁﬁﬂg[é'*'g[ i &, (Thysanofiorina nephelii)

3. PCR %$4/| Hae IIT TgJF i 2 fiiH el 4

- PCR &14I'| Hae III T~/ i 2 fiH B B¢ u

4. PCR % 14'| Hae IIT T 250 71 120 bp M F& ---nmmmemmm- Wiﬂp '%f[ /i 38 (Pseudaulacaspis cockerelli)
Hae IIT T4 F 2 250 #1120 bp

5. PCR #%74I'] Hae III T*/F'fH 400 #I 200 bp H F

=3 oy o

J

J

J

J

J

~ PCR #%#4/| Hae TII 77 i 500 1 250 bp B

6. PCR & 7I'] Msp I TI5i'tf 380, 220, 110 #1 100 bp H f& ----nnnmemm i’»’i%[ﬁ[ﬁ /1 54t (Aspidiotus destructor)
) Msp 1 W5 390 1 90 bp HF
J
J
J
J
J
J

--. PCR #9uI

. PCR &) IMER /T 4 (Saissetia cof feae)
7.PCR & P1'] Msp I It 4 [ FH 8
~ PCR 97| Msp 1 505l 3 481+ 9
8. PCR #14I'] Msp I WIH'iH 400, 180, 140 #1 90 bp R ---nmmmmmmmmv E}“f{ﬁ@%ﬁﬁ%% (Dysmicoccus brevipes)
- PCR #¥2I') Msp I TIF' 350, 220, 150 A1 90 bp " --nnmmmmmmmme R [ 5 (Planococcus kraunhiae)
9. PCR #72I'] Msp I WIH' i 710 A1 100 bp RyH BH --mmmmmmmmmmmean NIy RS 1 R (Planococcus minor)
~. PCR ##1| Msp 1 W= il 3 [ 8 10
10. PCR & $4!'] Taq I TIf*# 500, 170 A1 140 bp H ¥ Ak /1 i (Ferrisia virgata)
- PCR #PI') Taq I T/ji' {1 420, 160, 100 A1 50 bp H & ---mmnnmm- == 138, (Pseudococcus longispinus)
11. PCR ##1| Msp T T i 3 [ S| - 12
~ PCR %911| Msp 1 T il 2 [H B 13
12. PCR &4 Msp I T~/R' 350, 200, 130 #1 80 bp H ¥ ---mmnmmmmmmmmeeeee ETEQJ’T%E‘E& (Coccus hesperidum)
- PCR #¥2I') Msp I TIH' 1 460, 300 #I 120 bp 4} LR (Pulvinaria psidii)
13. PCR #%44/| Taq T W7 2 48 H 14
~ PCR 97| Tag 1 57 3 (94781 ] H 15
14. PCR & $4!'] Taq I T I 450 1 300 bp H R ---mmmmmmmmm e ’FE\'[[E![? {1 G (Chrysomphalus aonidum)
- PCR #¥2I'| Tag I "*/F'#H 610 #1 160 bp HF ---mmmmmmmmmmmmeneae T ik /125, (Cataenococcus hispidus)
15. PCR #¥!'] Hae III f"%:”ﬁ"ﬁg 380, 250 A1 200 bp HF ¥ ﬁE[ﬁ%E‘E@( (Saissetia oleae)
--. PCR #¥2I'| Hae III *7/F'H 330, 290 1 250 bp H F-mnmmmmmmmam E?ﬂ*‘){@ﬁ%éﬁ (Nipaecoccus filamentosus)

) DNA 4y F#ZzZE (White et al., 1990;
Palumbi, 1996; Armstrong et al., 1997) -
FA BRI ARG R TR - tDNA - FrlEfR RS [ Y
ITS 1 @&kl A2 H B » FIH rDNA/
PCR-RFLP WyH a7t Al » 7[RI RHRY 3B
Irakidf] » (HAAEE S B R A R - H
DNA WY)igE tetiis - BA—20E - 1
AN[RIFEA AR ks B A AR YL »
FEAE SRR FRER - RLUIER 16 fiif
B AU R v R R /R R e o 3l
H > FIHA AR E) rDNA/PCR-RFLP

168 Hif s — HIuss 1

flir > BTSN oy RO & AR - E R
RFLP [E[3% b8 o (T fnl 4252 i B 3ok
fokgis A B - BIRER DNA HYEIkBFH dhiis
FIEZ - R RE T B EH GGETI
R o

FH A S A S e b A 2 AR A
FEMET » REER AR AR - ST R
ESHME T - 2002~2003 4[] LUEHA H &
R 2 - [RIBHE N atE i m X o wF
SJE% = (Chang and Ko, 2003) o [K}H7E
B R EEEE ~ FER S HEREFFEUE IR 1t
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(SRR N\ Bk F I THE - BRiliasR
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(AR e AE » 84 {18l A (] {5 Pl 5 58
il 0 S EIERERY S o IR AR R i
Rk R T n] DIERRE IR ] A 52 Rl E 1
E » SRR RE 8 7 B 2 ) B EE 5E {0
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) E b e 50 - Sl A TSR s
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Application of the PCR-RFLP Technique for the Rapid Diagnosis
of Scale Insects (Homoptera: Coccoidea) on Imported
Agricultural Products in Taiwan

Yi-Chung Chiu and Wen-Jer Department of Entomology, National Taiwan University, Taipei 106, Taiwan, R.0.C.

Cheng-Yu Wong and Shu-Pei Chen Department of Applied Zoology, Taiwan Agricultural Research Institute, Wufeng, Taichung
413, Taiwan, R.0.C.

Cheng-Jen Shih* Department of Entomology, National Taiwan University, Taipei 106, Taiwan, R.0.C.

ABSTRACT

There are 30 scale insect species which have been intercepted from
agricultural products coming into Taiwan by quarantine workers at customs.
This study attempted to develop a molecular diagnostic technique
(polymerase chain reaction-restriction fragment length polymorphism, PCR-
RFLP) using genomic DNA markers (ribosomal DNA, rDNA) for identifying
16 scale insect species. NS7 and ITS6 primer sets were used to amplify ITS1
and its flanking regions of rDNA from genomic DNA as a template extracted
from a single specimen. DNA extracted from these 16 scale insect species
yielded a single fragment after PCR amplification. These PCR products were
then cut with various restriction endonucleases in order to compare the
results of restriction fragment length polymorphism. Our results also reveal
that it is possible to discriminate these 16 scale insect species based on the
species-specific patterns acquired from digesting the PCR products with the
endonucleases, Tagl, Mspl, and Haelll. Futhermore, we also a set up a
molecular key for these 16 scale insect species based on their RFLP digestion
patterns.

Key words: scale insect, rapid identification, restriction fragment length
polymorphism (RFLP), molecular key
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