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Molecular identification of the primary and secondary symbionts of the green peach

aphid, Myzus persicae (Sulzer)

LI Zheng-Xi> LI Ding-Xu (Department of Entomology, China Agricultural University, Beijing 100094, China)
Abstract: Aphids harbor not only primary endosymbionts, namely Buchnera aphidicola> but also different secondary
symbionts. A single comigrating DNA band of about 1.5 kb was amplified from a population of the green peach aphid,
Myzus persicae (Sulzer) collected from the experimental fields in China Agricultural University ( Beijing) using a pair of
“universal” primers designed based on the full 16S tDNA of a wide range of eubacteria. This target DNA was then ligated
to T-vector and cloned into E. coli DH5a. The clones were analyzed using restriction fragment length polymorphism
(RFLP). The results showed that EcoR | cut the insert into two sub-fragments ( ~ 650 bp and ~ 850 bp) in all assayed
samples, while double digestion with EcoR I and Hind[ll resulted in two different groups of RE Crestriction enzyme)
bands, with Group | having only one EcoR I site but Group [l having one EcoR | site and one Hindll site.
Meanwhile; Group [ is dominant. Based on RE grouping, the full 16S rDNA representative sequences from different
groups were sequenced, and the phylogenetic analysis demonstrated that Group | belonged to Pantoea, closely related
to P. agglomerans Chomology: 99.70% ), whereas Group [ was closely related to Buchnera aphidicola, the obligate
symbiont of aphids Chomology: 99.50% ). This is the first report that Pantoea exists in aphids.
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HCl (pH 8.0)5 0.1 mol/L NaCl, 0.1 mol/L EDTA, 1%
(V/V) SDS (sodium dodecyl sulfate) A1 1% (W/V) &
IR KO E 1 h (56°C). &t DNA P48 B A b 11
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165 1.5 kb IE 1 51 # CF): 5-
CATGGCTCAGATTGAACGCTGGCG-3' (M 1 F E.
coli 16S rDNA 18 — 41 £7); I 51 % (R): 5'-
CCCCTACGGTTACCTTGTTACGAC-3" (AT E. coli
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DNA 1 pl, Taq BECIESRUR A A T2 U, INE B Tk 2
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All inserts were cut into two sub-fragments

( ~ 650 bp and 850 bp) using EcoR |
M: DNA 7§ & FrHE DNA molecular weight marker (200 — 800 bp):
AsB, DS B, Fs G BT SEBE Positive cloness
C: BT HE (2% JBURL D Negative control (T-vector) .

o .

T-veetor

 E
564 bp Tnserted
fragment

2 M EcoR T A1 Hind [l HEATXEEVIN , DI 15 73 1 2 41
Fig. 2 EcoR1 and Hindlll differentiate all inserts into two groups
M: DNA 73 F A5 #E DNA molecular weight marker (ADNA/EcoR I
+ Hindlll D3 AsB, D, E R G A—4L, JUAFFE—A EcoR | BEVIAL
& Group I includes lane A, B, D> E and G, with only one EcoR |
sites F EHB— 4L, fF4E— EcoR I BEVIRL A1 53 5 —A Hind Il
AiF UIAL 5 T belongs to Group Il with one EcoR I site and one Hind Il
sites C: BIPEXS RO TR Negative control (T-vector) .
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Jv 40, 36 5 98 A e M63249 € Buchnera
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agglomerans )~ U80202 ( Erwinia herbicola )+ AY642383
(Pantoea stewartii )~ U80196 ( Erwinia ananas )~ U80209
( Erwinia uredovora )~ U80183 ( Erwinia milletiae )~
AF025365( Citrobacter freundii )~ AF530476C Escherichia
vulneris )~ AJ853891 ( Enterobacter Iludwigii )~ 796078
cancerogenus )~ U78183 ( Klebsiella
oxytoca )~ AY567708( Candidatus Cuticobacterium kirbyi )
I AF395913( Enterobacter aerogenes)o K H MEGA3.0

C Enterobacter
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Fig. 3 Unrooted neighbor-joining tree constructed based on 16S rDNA sequences of the symbionts of

a tobacco population of Myzus persicae and other closely related ¥-proteobacteria
5 R _ERIECF A bootstrap 1 000 RATKAE UL T 50% A ). 1686 XL AIIEAE B IR T Group 115 GenBank V54 AY849937; 1682 X B

AW E T Group 1 > GenBank /T 54 AY849936.

The bootstrap values obtained with 1 000 resamplings are shown at the nodes (values of less than 50% are not shown). 16S6 is a representative of Group
II (GenBank accession no. AY849937), while 16S2 is a representative of Group | (GenBank accession no. AY849936).
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BRI IEIE A AT AL R A A7 A2 T RGO R R
T KR IE . IF R Al AT 5T BT SR S 2T 168
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(homoplasy)( Werren et al ., 1994), [t i 1F #F 44 A
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RAFAL, 5 B B 0 75 AEESL A AR Wolbachia BE
A M TASE G IS 18 AR AT 8 (Werren
et al.» 1995). HUEHE B, 0F R IR G L AL e vl A
20 AT S AN R T 1 AR A IE & ™
AETERON AN BTG RN (Douglas et al . » 2002
Montllor et al ., 2002; Darby et al., 2003). VFZ{E
EE U3 A1 B B 1L 50 A 20 A S0P 40 T e T K
PACAAR, EATT AT BE L B AR Y, B TR IR, 4
a0y P SO o 8 s AR P E ) 3 A T A i B 3 B
o Ty B8 R IE AR I i A v e 0 16 R

SRR AT BEAL S 5 AT AR Al A T S AR R A A
f7 LA Campbell, 1990), XK AEM KL 8T
FF1#F} Enterobacteriaceae ) ‘& A T— i Fifi £ 4 4 £ HL
FBESS AR, PR AR M 52 B 75 TE, PRI AN B
FUEHIEL N — e — A, AR AR R 2 e ALAR
i, BgE e A TAUS AR LA AR AE . B
S5 T TE R E IR EAE FI OGS AR S 2%, Kk A
PEICAESC R S B IR IR R X 20 TR 2 o — M AT
KM R Z W8 Pantoea +&—FSHE I B0 I
KB, AR BRI O AT B AT 3E — 2B 09T, T
"EATIAERIEF b SR B AR B A AR R R AR I
IR RGBT AT B A2 2 SR Rtk — 2D AR

£ % X @ik (References)

Baumann PL, Lai CY, Rouhbakhsh D> Moran NA, Clark MA, 1995.
Geneticss physiology and evolutionary relationships of the genus
Buchnera: intracellular symbionts of aphids. Annw. Rev. Microbiol . »
49: 55-94.

Bender W, Spierer P, Hogness DS, 1983. Chromosomal walking and
jumping to isolate the Ace and rosy loci and the bithorax complex in
Drosophila melanogaster. J. Mol. Biol ., 168: 17 —33.

Birkle LM, 1997. A Molecular Characterization of the Mitochondria and
Bacteria of the Pea Aphid, Acyrthosiphon pisum. Ph. D. Thesis.
University of Yorks York, United Kingdom. 25 - 34.

Buchner P> 1965. Endosymbiosis of animals with plant microorganisms. New
York, NY: Interscience. 67 —232.

Campbell BC> 1990. On the role of microbial symbiotes in herbivorous
insects. In: Bernays EA ed. Insect-Plant Interactions. Boca Raton,
FL: CRC Press. 1-45.

Chen DQ, Campbell BC> Purcell AH, 1996. A new Rickettsia from a
herbivorous insect; the pea aphid Acyrthosiphon pisum (Harris). Curr.
Microbiol . » 33: 123 — 128.

Chen DQ> Montllor CB> Purcell AH, 2000. Fitness effects of two facultative
endosymbiotic bacteria on the pea aphid, Acyrthosiphon pisum, and the
blue alfalfa aphid, A. kondoi. Entomol. Exp. Appl., 95: 315 -
323.

Dadd RH,> 1985. Nutrition: organisms. In: Kerkut GA, Gilbert LI eds.

Comprehensive Insect Physiology, Biochemistry and Pharmacology. Vol.

4. Elmsford (NY): Pergamon Press. 315 —319.

Darby ACs; Tosh CR, Walters KFA, Douglas AE, 2003. The significance of
a facultative bacterium to natural populations of the pea aphid
Acyrthosiphon pisum . Ecol . Entomol ., 28: 145 —150.

Domingo JWS; Kaufman MG, Klug MJ, Tiedje JM> 1998. Characterization
of the cricket hindgut microbiota with fluorescently labelled rRNA-
targeted oligonucleotide probes. Appl. Environ. Microbiol ., 64: 752
-1755.

Douglas AE; 1998. Nutritional interactions in insect-microbial symbioses:
aphids and their symbiotic bacterias  Buchnera. Annu. Rev.
Entomol . 43: 17 -37.

Douglas AE; Darby AC, Birkle LM, Walters KFA, 2002. The ecological
significance of symbiotic microorganisms in animals-perspectives from the
microbiota of aphids. In: Hails RM, Beringer J» Godfray HCJ eds.
Genes in the Environment. Oxford: Blackwell Publishing. 306 — 325.

Fukatsu T> Tsuchida T> Nikoh N> Koga R» 2001. Spiroplasma symbiont of
the pea aphid, Acyrthosiphon pisum (Insecta: Homoptera). Appl.
Environ . Microbiol ., 67: 1284 -1 291.

Harada H, Ishikawa H, 1997. Experimental pathogenicity of Erwinia
aphidicola to pea aphid, Acyrthosiphon pisum. J. Gen. Appl.
Microbiol . » 43: 363 —367.

Kimura M> 1980. A simple method for estimating evolutionary rate of base
substitutions through comparative studies of nucleotide sequences. J.
Mol . Ewvol.> 16: 111 -120.

Montllor CB, Maxmen A, Purcell AH, 2002. Facultative bacterial
endosymbionts benefit pea aphids Acyrthosiphon pisum under heat stress.
Ecol . Entomol ., 27: 189 —195.

Moran NA> Munson MA, Baumann P, Ishikawa H, 1993. A molecular clock
in endosymbiotic bacteria is calibrated using the insect hosts. Proc. R.
Soc. Lond. B> 253: 167-171.

Ohtaka C, Ishikawa H, 1991. Effects of heat treatment on the symbiotic
system of an aphid mycetocyte. Symbiosis> 11: 19 —30.

Oliver KM, Russell JA; Moran NA, Hunter MS, 2003. Facultative bacterial
symbionts in aphids confer resistance to parasitic wasps. PNAS, 100
(4): 1803 -1 807.

Russell JA, Latorre A, Sabater-Munoz B; Moya A> Moran NA, 2003. Side-
stepping secondary symbionts: widespread horizontal transfer across and
beyond the Aphidoidea. Mol. Ecol., 12: 1061 -1 075.

Sambrook J, Fritsch EF, Maniatis T, 1989. A Laboratory Manual. Cold
Spring Harbor Laboratory Press. 11 —255.

Unterman BM> Baumann P> McLean DL, 1989. Pea aphid symbiont
relationships established by analysis of 16S rRNAs. J. Bacteriol .,
171: 2970 -2 974.

Werren JH, Hurst GDDs Zhang W, Breeuwer JAJ, Stouthamer R, Majerus
MEN, 1994. Rickettsial relative associated with male killing in the
ladybird beetle ( Adalia bipunctata). J. Bacteriol ., 176: 388 —394.

Werren JH, Zhang W, Guo LR, 1995. Evolution and phylogeny of
Wolbachia: Reproductive parasites of arthropods. Proc. R. Soc.
Lond. B> 261: 55-171.

(St HRIT)





