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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 1a (EF 1) 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.
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Table 1. Collection information of Rhopalosiphum aphids used in this study

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

1°N Jhudong Township, Hsinchu County

Prunus campanulata  Feb 11, 2004

D'WA, wingless adult; AA, alate adult; 1° N, first instar nymph.
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Fig. 1. (A) Amplification of the EF 1a region with primers EF3 and EF6 for four Rhopalosiphum species. (B) RFLP
analysis of the EF 1a with endonuclease Nialll and Eam11041. 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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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 Dral. 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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FEoA: EXKMF (R. maidis); B: BEEWF (R. nymphaeae); C: #5244 (R. padi); D: #I§41R4F (R. rufiabdominalis)
Fig. 3. RFLP analysis of the EF 1a with endonuclease Nlalll and Eam1104| 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.
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Fig. 4. RFLP analysis of pLeuC of Buchnera with endonuclease Dral 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.
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1: 5554} (R. padi) ; Rru-EF 1 : $If§#R4T (R. rufiabdominalis) (RERRARALER)

Fig. 5. Sequence comparisons for EF 1 a 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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#001~080

Rma-pLeuC
Rpa-pLeuC
Rru—-pLeuC
Rny-pLeuC

#081~160

Rma-pLeuC
Rpa-pLeuC
Rru-pLeuC
Rny—-pLeuC

#161~240

Rma-pLeuC
Rpa-pLeuC
Rru-pLeuC
Rny-pLeuC

#241~320

Rma-pLeuC
Rpa—-pLeuC
Rru-pLeuC
Rny—-pLeuC

#321~400

Rma-pLeuC
Rpa-pLeuC
Rru-pLeuC
Rny-pLeuC

#401~480

Rma-pLeuC
Rpa—-pLeuC
Rru-pLeuC

Rny—-pLeuC

#481~560

Rma-pLeuC
Rpa-pLeuC
Rru-pLeuC
Rny-pLeuC

#561~640

Rma-pLeuC
Rpa—-pLeuC
Rru-pLeuC

Rny-pLeuC

#641~720

Rma-pLeuC
Rpa-pLeuC
Rru—-pLeuC
Rny-pLeuC

#721~758

Rma-pLeuC
Rpa-pLeuC
Rru-pLeuC
Rny-pLeuC

BA

AGAGCGGATG
LAl AL L.
ewolbe . ..

.. ARA. ..

TATATTTARL

- . ..G..TG

TTTTGGCATA

TATGCACCAA
+...T....TC
seaT....TC

I P «

GGTTCAGGTT
A.CTG.-.A
-A.CTG.-.A
.T.C.G.—.A

GGTACTTC-T

..... AL .-

GGATATGTARA

ACTTTTGATA

GAAGTTGAAC

ATGTTCTTGT

AACACAAACG
......... T
......... T
R T

TATCTGATCT

AATTTTTTTG

AATTTTARRRA

Y . T - P

TTCTCCTCAG

AR-TGTGARRA
--A.AA...
LALA AL ..
S

muiEttas pleuC HEXF5ILLE - Rma-pleuC : EX47F (R. maidis) ; Rny-pLeuC : BEERF (R. nymphaeae) ;
Rpa-pLeuC : #5244 (R. padi) ; Rru-pLeuC : #IfE4R4F (R. rufiabdominalis) (B4R XM RILEEE) o

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).

42 REEHE T HEE M



#®= MUEREEAY EF 1o 1 pleuC FIIMEEIEZ HLE

Table 2. Pairwise sequences similarity of EF 1a (upper matrix) and pLeuC (lower matrix) among four Rhopalosiphum

species
R. maidis R. nymphaeae R. padi R. rufiabdominalis
R. maidis - 95.1 96.8 96.4
R. nymphaeae 84.6 - 94.7 93.3
R. padi 88.7 86.2 - 98.6
R. rufiabdominalis 87.0 85.0 94.0 -

K= [UfEN}E EF 1a & pleuC KERGERMERLEAIERRE

Table 3. Nucleotides composition of PCR-amplified EF 1a and pLueC of four species in Rhopalosiphum aphids

Nucleotides composition (%)

Species Gene Length (bp) T C A G
R. maidis EF la 929 29.0 20.2 29.1 21.7
R. nymphaeae EF la 929 29.4 19.7 29.4 21.5
R. padi EF la 928 284 20.6 29.0 22.0
R. rufiabdominalis EF 1o 929 28.3 20.6 29.0 22.2
R. maidis pLeuC 747 34.7 11.0 36.4 17.9
R. nymphaeae pLeuC 751 34.8 11.2 36.1 18.0
R. padi pLeuC 746 34.7 111 36.5 17.7
R. rufiabdominalis pLeuC 748 34.2 11.8 36.6 174
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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 la (EF
la) 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 1o, Buchnera
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