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RFLP  

 PCR  rDNA  3’  
Fig. 1. Locations of PCR primers for the nuclear rDNA given in Table 1. Arrows represent the 3’ end of each primer. 
 

 rDNA  PCR  
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(unpublished data) 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  NS8  15  rDNA/18S  PCR  
1. ; 2. ; 3. ; 4. ; 5. ; 6. ; 7.

; 8. ; 9. ; 10. ; 11. ; 12. 
; 13. ; 14. ; 15.  

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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 NS7  ITS6  16  rDNA/  18S+ITS1  PCR  
1. ; 2. ; 3. ; 4. ; 5. ; 6. 

; 7. ; 8. ; 9. ; 10. ; 11. ; 12. 
; 13. ; 14. ; 15. ; 16.  

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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 RFLP 
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 RFLP  16 

 ITS5  ITS6  16  rDNA/ITS1  PCR  
1. ; 2. ; 3. ; 4. ; 5. ; 6. 

; 7. ; 8. ; 9. ; 10. ; 11. ; 12. 
; 13. ; 14. ; 15. ; 16.  

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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 (A. MspI; B. TaqI; C. Hae )  18S+ITS1/rDNA  PCR  (  NS7
and ITS6)  RFLP  
1. ; 2. ; 3. ; 4. ; 5. ; 6. 

; 7. ; 8. ; 9. ; 10. ; 11. ; 12. 
; 13. ; 14. ; 15. ; 16.  

Fig. 5. Interspecific RFLP analysis of the ITS1 and 18S/rDNA region PCR products (primer sets, NS7 and ITS6)
(endonucleases, A. MspI; B. TaqI; and C. Hae ). 
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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 rDNA/PCR  (  NS7 and ITS6)  (A. MspI; B. TaqI)
 RFLP  

Fig. 6. Intraspecific RFLP analysis of rDNA/PCR products using the endonucleases, A. MspI; and B. TaqI. The
rDNA/PCR products are from different growth periods of the same scale insect species. 
E, egg; N, nymph; , adult female. 
M1, 50 bp DNA ladder marker (MBI Fermentas); M2, 100 bp DNA ladder marker (MBI Fermentas). 
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Palumbi, 1996; Armstrong et al., 1997)  
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 16 
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2002~2003 
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16  DNA  
Table 2. DNA marker key for the 16 scale insect species used in this study 

1. ITS1 PCR 產物 (引子為 NS7+ITS6) 大於 900 bp ------------------------------------------------------------------2 
--. ITS1 PCR 產物 (引子為 NS7+ITS6) 小於 900 bp------------------------------------------------------------------3 
2. PCR 產物以 Msp I 酶切可得 410, 390, 300 和 110 bp 片段 ---------------- 埃及吹綿介殼蟲 (Icerya aegyptiaca) 
--. PCR 產物以 Msp I 酶切可得 700, 170 和 110 bp 片段 -----------------纓圍盾介殼蟲 (Thysanofiorina nephelii) 
3. PCR 產物以 Hae III 酶切可得 2 個片段者 --------------------------------------------------------------------------4 
--. PCR 產物以 Hae III 酶切可得 2 個片段以上者------------------------------------------------------------------- 11 
4. PCR 產物以 Hae III 酶切可得 250 和 120 bp 片段 -------------椰子擬輪盾介殼蟲 (Pseudaulacaspis cockerelli) 
--. PCR 產物以 Hae III 酶切的片段並非 250 和 120 bp 者 ----------------------------------------------------------5 
5. PCR 產物以 Hae III 酶切可得 400 和 200 bp 片段 ---------------------------------------------------------------6 
--. PCR 產物以 Hae III 酶切可得 500 和 250 bp 片段 ---------------------------------------------------------------7 
6. PCR 產物以 Msp I 酶切可得 380, 220, 110 和 100 bp 片段 ----------- 淡薄圓盾介殼蟲 (Aspidiotus destructor) 
--. PCR 產物以 Msp I 酶切可得 390 和 90 bp 片段 -------------------------------咖啡硬介殼蟲 (Saissetia coffeae) 
7. PCR 產物以 Msp I 酶切可得 4 個片段者----------------------------------------------------------------------------8 
--. PCR 產物以 Msp I 酶切可得 3 個片段以下者 ----------------------------------------------------------------------9 
8. PCR 產物以 Msp I 酶切可得 400, 180, 140 和 90 bp 片段 -------------鳳梨嫡粉介殼蟲 (Dysmicoccus brevipes) 
--. PCR 產物以 Msp I 酶切可得 350, 220, 150 和 90 bp 片段 ------------- 臀紋粉介殼蟲 (Planococcus kraunhiae) 
9. PCR 產物以 Msp I 酶切可得 710 和 100 bp 兩片段者 ----------------太平洋臀紋粉介殼蟲 (Planococcus minor) 
--. PCR 產物以 Msp I 酶切可得 3 個片段者 ------------------------------------------------------------------------- 10 
10. PCR 產物以 Taq I 酶切可得 500, 170 和 140 bp 片段----------------------------絲粉介殼蟲 (Ferrisia virgata) 
--. PCR 產物以 Taq I 酶切可得 420, 160, 100 和 50 bp 片段 ---------- 長尾粉介殼蟲 (Pseudococcus longispinus) 
11. PCR 產物以 Msp I 酶切可得 3 個片段以上者 ------------------------------------------------------------------- 12 
--. PCR 產物以 Msp I 酶切可得 2 個片段者 ------------------------------------------------------------------------- 13 
12. PCR 產物以 Msp I 酶切可得 350, 200, 130 和 80 bp 片段 -------------------扁堅介殼蟲 (Coccus hesperidum) 
--. PCR 產物以 Msp I 酶切可得 460, 300 和 120 bp 片段 -------------------------黃綠綿介殼蟲 (Pulvinaria psidii) 
13. PCR 產物以 Taq I 酶切可得 2 個片段者------------------------------------------------------------------------- 14 
--. PCR 產物以 Taq I 酶切可得 3 個片段以上者 --------------------------------------------------------------------- 15 
14. PCR 產物以 Taq I 酶切可得 450 和 300 bp 片段 --------------------褐圓盾介殼蟲 (Chrysomphalus aonidum) 
--. PCR 產物以 Taq I 酶切可得 610 和 160 bp 片段 -------------------- 甘蔗簇粉介殼蟲 (Cataenococcus hispidus) 
15. PCR 產物以 Hae III 酶切可得 380, 250 和 200 bp 片段 ----------------------- 工脊硬介殼蟲 (Saissetia oleae) 
--. PCR 產物以 Hae III 酶切可得 330, 290 和 250 bp 片段------------- 桔球粉介殼蟲 (Nipaecoccus filamentosus) 
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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.O.C. 

Cheng-Yu Wong and Shu-Pei Chen  Department of Applied Zoology, Taiwan Agricultural Research Institute, Wufeng, Taichung 

413, Taiwan, R.O.C. 

Cheng-Jen Shih*  Department of Entomology, National Taiwan University, Taipei 106, Taiwan, R.O.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, TaqI, MspI, and HaeIII. 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 
 
 




