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(polymorphism)  (Tao, 1980; 

Dixon, 1985)

PCR-RFLP  (Rhopalosiphum) (
)  

 

 

 DNA 

 (Rhopalosiphum)  (R. maidis)  

(R. nymphaeae)  (R. padi)  (R. rufiabdominalis)

 DNA  1α (elongation factor 1α, EF 1α) 
 (primary symbionts) Buchnera sp.  pLeuC 再

配合限制酶片段長度多態型 (restriction fragment length polymorphism, RFLP) 

結果以限制酶 NlaIII  Eam1104I  EF 1α 增幅片段酶切，以及限制

酶 DraI  pLeuC 增幅片段的酶切，在四種蚜蟲間可得不同的限制酶

苷酸序列以為種類鑑定之用。

 DNA  

 

聚合酶連鎖反應-限制酶片段長度多態型、內共生菌、延伸因子 1α、原生共

生菌。 
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(Chiu et al., 2001; Chen and Shih, 

2003)

 

(Figueroa et al., 1999)

 (Rhopalosiphum) 

 (R. maidis)  (R. 

nymphaeae)  (R. padi)  

(R. rufiabdominalis) 酶

 DNA  1α 
(Elongation factor 1 alpha, EF 1α) 

 (primary symbionts) 

Buchnera sp.  pLeuC 

再 配 合 限 制 酶 片 段 長 度 多 態 型 

(restriction fragment length polymorphism, 

RFLP) 的限制酶

 

 (nuclear) 

 RNA (mRNA) 

 (complexes) EF 1 EF 2

 1α (EF 1α)  

aminoacyl-tRNA  (ribosome) 

 (Hovemann et al., 1988)

 (Palumbi, 1996)  

 (Aphididae) 

 Buchnera

 (Douglas, 1996)

 

Buchnera

(Moran and Baumann, 1994; Brynnel et 

al.,1998; Baumann et al., 1999; van Ham 

et al., 1999; Martinez-Torres et al., 2001)

 Buchnera 

 pLeuC 

 DNA 

 

 

 
 

 

 (

)  95% 

 –20

 

 

 DNA 
 Viogene  DNA 

 (Blood and Tissue Genomic DNA 

Miniprep System kit, Cat. No. GG1001) 

 DNA  Chen 

and Shih (2003)  

 

 (PCR)  
DNA 

 PCR 0.2 ml  
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5.0 µl  DNA 0.6 unit 

 Taq DNA polymerase (Protech 

Technology Enterprise CO., Ltd.) 10x 

reaction buffer (  15 mM Mg2+) 2.5 

µl 2.5 mM dNTPs (Protech Technology 

Enterprise CO., Ltd.)  2.5 µl (
 0.25 mM) 1.5 µM  (forward 

primer) 2.5 µl (  0.15 µM)  1.5 

µM primer  (reverse primer) 2.5 

µl (  0.15 µM)

 25 µl

 GeneAmp PCR 

System 2400 酶

酶  DNA 

 

1.  DNA  1α (EF 1α) 
 EF 1α  EF3 

(GAA CGT GAA CGT GGT ATC AC) 

 EF6 (TGA CCA GGG TGG TTC 

AAT AC)(von Dohlen et al., 2002) PCR 

 95 / 5  40 

 95 / 1 52 / 1.5 72 / 1.5 

 72 / 15  

PCR  4   

2.  Buchnera 

pLeuC  Bracho  (1995) 

 Buchnera 

 (leucine)  

pLeuC  pLeuC-F03 (CGG 

TCC TGA ACA AGG TAT GAC ATT AC) 

 pLeuC-R02 (AAT GTG TTC 

TAC CAC CCC TAC CTT G) PCR 

 94 / 5  40  

94 / 1 56 / 1 72 / 1.5 

 72 / 15  

PCR  4  

 (RFLP)  

10 15 µl PCR  3 5 

unit 的限制酶和 1x buffer

 20 µl 在適當溫度水浴

中，使限制酶作  3 5 小時。酶切後的產物

以 2.5% agarose gel  1x TAE 

酶切割片段  

 

DNA  
 PCR 

 DNA  GeneDoc 

(Nicholas and Nicholas, 1997)  

Clustal X (Thompson et al., 1997) 

 

(National Health Research Institutes)  

GCG 制酶切位比對  

 

 
 

 

 

2004  3 

 (Zea mays) 

 

 

 DNA  
 1α (EF 1α)  PCR 

 1.2% agarose gel 

 EF 1α  1050 bp (

A)  Buchnera
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 pLueC 

 950 bp (  A)

 

 

PCR-RFLP  
1.  1α  EF 

1α 
 GCG 限制酶切位的比對與分

析，結果  NlaIII  Eam1104I 一起進

行限制酶 四種蚜蟲之間，具有不同的

限制酶切位，得以清楚鑑別四種蚜蟲 (  

B)  550 370 100  30 

bp  440 370 135 

 100 bp  440

210 160 100 110  20 bp 

 580 210 160  100 bp 

 ( ) 

 ( )  

2.  Buchnera 

pLeuC  pLeuC 

 GCG 網站，進行限制酶切

位比對，結果可得 DraI 制酶切

制酶

 (  B)

 

( )  

 

EF 1α  pLeuC  
 PCR-RFLP 

酶  

DNA  EF 1α  Buchnera 

pLeuC 基因片段定序結果，整理列出如圖五及

圖六，提供核苷酸序列以為種類鑑定之用  

 DNA  EF 1α 
 928.8 bp A 

+ T% 57.9%

 (intron)

 71 bp  72 bp

 (similarity)  

98.6%  93.3%  Buchnera 

 
Table 1. Collection information of Rhopalosiphum aphids used in this study 

Species Stage 1) Locality of collection Host plant Date 
WA Puli Township, Nantou County Zea mays Jan 18, 2003 
AA Yonghe City, Taipei County Zea mays Apr 2, 2003 R. maidis 
1° N Beinan Township, Taitung County Zea mays Oct 7, 2003 
WA Sansing Township, Ilan County Caldesia gradis May 29, 2003 
AA Da-an District, Taipei City Eichorhia crassipes Jan 17, 2003 R. nymphaeae 
1° N Fuli Township, Hualien County Nymphaea tetragona Jun 23, 2003 
WA Yuanshan Township, Ilan County Zea mays May 29, 2003 
AA Shihlin District, Taipei City Zea mays May 25, 2003 R. padi 
1° N Beinan Township, Taitung County Zea mays Feb 26, 2003 
WA Sansia Township, Taipei County Prunus campanulata Jan 1, 2004 
AA Yuanshan Township, Ilan County Zea mays May 29, 2003 R. rufiabdominalis 
1° N Jhudong Township, Hsinchu County Prunus campanulata Feb 11, 2004 

1) WA, wingless adult; AA, alate adult; 1° N, first instar nymph. 
 

 



 PCR-RFLP   37

 pLeuC  746

751 bp A + T%  71%

 EF 1α  (

)  94.0%  

84.6% ( )  

 

 
 

 DNA (ribosomal DNA, rDNA)  

DNA (mitochondrial DNA, mtDNA)  

(A) 

 
(B) 

 

 EF 1α  PCR-RFLP (A)  EF3/ EF6  EF 1   1050
bp (B) NlaIII  Eam1104I  EF 1   RFLP  

Fig. 1. (A) Amplification of the EF 1  region with primers EF3 and EF6 for four Rhopalosiphum species. (B) RFLP 
analysis of the EF 1  with endonuclease NlaIII and Eam1104I. M, 100-bp DNA ladder (MBI Fermentas); 
lanes 1-3: R. maidis wingless adult, alate adult, first instar nymph; lanes 4-6: R. nymphaeae wingless adult, 
alate adult, first instar nymph; lanes 7-9: R. padi wingless adult, alate adult, first instar nymph; lanes 10-12: 
R. rufiabdominalis alate adult. 
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DNA (satellite DNA) 

 

 DNA 

 1α  DNA 

 (

) 以需要二種限制酶搭配，才能得較好的

判讀效  DNA 

 Buchnera Buchnera 

 

 pLeuC  PCR-RFLP (A)  pLeuC-F03/ pLeuC-R02 
 pLeuC  950 bp (B) DraI  pLeuC  RFLP

 
Fig. 2. (A) Amplification of the pLeuC region of Buchnera with primers pLeuC-F03 and pLeuC-R02 for four 

Rhopalosiphum species. (B) RFLP analysis of pLeuC with endonuclease DraI. M, 100-bp DNA ladder (MBI 
Fermentas); lanes 1-3: R. maidis wingless adult, alate adult, first instar nymph; lanes 4-6: R. nymphaeae 
wingless adult, alate adult, first instar nymph; lanes 7-9: R. padi wingless adult, alate adult, first instar 
nymph; lanes 10-12: R. rufiabdominalis alate adult. 

(A) 

 

(B) 
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(Douglas et al., 2001; Douglas, 2003)

1. 

 (maternal transmission) 

 Buchnera 

2. 

Buchnera  (horizontal 

transferring) 3. Buchnera 

 (genetic recombination)  

(Moran and Baumann, 2000)

 Buchnera 

 Buchnera  DNA 

 

Buchnera 

 

(Shigenobu et al., 2000)

 leuA B C  D (Baumann et al., 1999; 

 EF 1   NlaIII  Eam1104I  RFLP 
A  (R. maidis) B  (R. nymphaeae) C  (R. padi) D  (R. rufiabdominalis)

Fig. 3. RFLP analysis of the EF 1  with endonuclease NlaIII and Eam1104I for four Rhopalosiphum species. 
Template DNA for PCR was obtained from a wingless adult, alate adult, and first instar nymph, respectively. 
M, 100-bp DNA ladder (MBI Fermentas). (A) R. maidis; (B) R. nymphaeae; (C) R. padi; (D) R. 
rufiabdominalis. A, B, C: lanes 1-3: wingless adult; lanes 4-6: alate adult; lanes 7-10: first instar nymph. D: 
lanes 1-6: alate adult; lanes 7-10: first instar nymph. 

(A)                                              (B) 

 

(C)                                               (D) 
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Soler et al., 2000)  leuC 

 ( )

 

 (Bandi et al., 1995; 

Spaulding and von Dohlen, 1998; Chen et 

al., 1999; Sauer et al., 2000)

 Buchnera 

 (Wernegreen, 2002)

 

 pLeuC  DraI  RFLP A
 (R. maidis) B  (R. nymphaeae) C  (R. padi) D  (R. rufiabdominalis)  

Fig. 4. RFLP analysis of pLeuC of Buchnera with endonuclease DraI for four Rhopalosiphum species. Template 
DNA for PCR was obtained from a wingless adult, alate adult, and first instar nymph, respectively. M, 100-bp 
DNA ladder (MBI Fermentas). (A) R. maidis; (B) R. nymphaeae; (C) R. padi; (D) R. rufiabdominalis. A, B, C: 
lanes 1-3: wingless adult; lanes 4-6: alate adult; lanes 7-10: first instar nymph. D: lanes 1-6: alate adult; 
lanes 7-10: first instar nymph. 

(A)                                              (B) 

 

(C)                                               (D) 
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 EF 1  Rma-EF 1  (R. maidis) Rny-EF 1   (R. nymphaeae) Rpa-EF
1  (R. padi) Rru-EF 1  (R. rufiabdominalis) ( )  

Fig. 5. Sequence comparisons for EF 1 among four Rhopalosiphum species. Rma-EF 1, R. maidis; Rny-EF 1, R. 
nymphaeae; Rpa-EF 1, R. padi; Rru-EF 1, R. rufiabdominalis (dots represent identical nucleotides). 
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 pLeuC Rma-pLeuC  (R. maidis) Rny-pLeuC  (R. nymphaeae)
Rpa-pLeuC  (R. padi) Rru-pLeuC  (R. rufiabdominalis) ( )  

Fig. 6. Sequence comparisons for pLeuC among four Rhopalosiphum species. Rma-EF 1, R. maidis; Rny-EF 1, R. 
nymphaeae; Rpa-EF 1, R. padi; Rru-EF 1, R. rufiabdominalis (dots represent identical nucleotides). 
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 DNA  

DNA  
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PCR-RFLP Technique for Molecular Identification of 
Rhopalosiphum (Aphididae) 
 
Hsin-Ting Yeh, Chiun-Cheng Ko*, Tung-Ching Hsu, and Cheng-Jen Shih 

Department of Entomology, National Taiwan University, Taipei 106, Taiwan 

ABSTRACT 

Aphids are insects with polymorphism. Species identification mostly 
depends on the morphological features of the adult. However, it is difficult to 
distinguish species at immature stages. Molecular markers may be helpful in 
solving this problem. Therefore, in this study, the elongation factor 1α (EF 
1α) in the genome of aphids and the partial pLeuC gene of the endosymbionts 
(Buchnera sp.) in aphids were amplified by polymerase chain reaction (PCR) 
using specific primers. Then, the restriction fragment length polymorphism 
(RFLP) of the PCR products was obtained. These DNA fragments were 
different from each other in the four species of aphids, Rhopalosiphum 
maidis, R. nymphaeae, R. padi and R. rufiabdominalis. Moreover, the DNA 
pattern of PCR-RFLP was also stable in immature stages, as those found in 
both adults. These results indicate that the DNA markers of PCR-RFLP from 
both host insects and their endosymbionts may be useful in species 
identification. 

 
Key words: PCR-RFLP, endosymbiont, elongation factor 1α, Buchnera 
 
 




