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Advances in research on aphid genomics and functional genomics
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Abstract Aphids are one of most important agricultural pests which not only damage plants by feeding on their fluids but
also transmit viruses. Advances in molecular biology especially genome sequencing technology have resulted in a better
understanding of aphid genomics and functional genomics. This in turn has allowed us to gain a better understanding of the
unique biological characteristics of aphids. Here we review progress in research on the relationship between aphids and
symbionts  phenotypic plasticity development reproduction phylogenetics detoxification enzymes and aphid salivary
glands.

Key words symbiont phenotypic plasticity development detoxification enzyme salivary gland

( Insecta) o
( Homoptera) ( Stemorhyncha) 2
( Adelgoidea ) N
( Aphidoidea) o o
4700 ( von Dohlen
et al. 2006) 1 000
( Qiao and Zhang 2004) .

* : ( KSCX2-EW-N-5) | ( ) (201103022)
Kk E-mail: liuping2006. cool@ 163. com; lulixia0@ 126. com
Fokk E-mail: cuif@ joz. ac. cn

120114006 120114025



*1540-

Chinese Journal of Applied Entomology 48

12

Acyrthosiphon pisum
Aphis glycines

Myzus persicae

1.1 Acyrthosiphon pisum
( IAGC  The

International Aphid Genomics Consortium)

2010 2 23 (PLoS
Biology) o 464 Mb
35 000
13 000
miRNA
IMD .

( The International Aphid Genomics Consortium
2010)
( Gerardo et al.

2010) .
1.2 Myzus persicae

Ramsey  (2007) 16
cDNA 26 669
( ESTs) cDNA

o c¢DNA

2 423 o 3

c¢DNA ( SNPs)
1.3 Aphis glycines

Bai  (2010) Roche —454  Illumina GA -

2 2.78 x 10° bp

19 293 56 688

o 635 SNPs 1382

Buchnera aphidicola

Hamiltonella defensa 0

2
B. aphidicola APS

B.

aphidicola APS ( Wilson et al. 2010) .

( Hansen and
Moran 2011) o
B. aphidicola APS

B. aphidicola APS o

B. aphidicola APS
B. aphidicola APS

( Ramsey et al. 2010a) o

Serratia symbiotica

Burke
Moran(2011)  S. symbiotica
o S. symbiotica
3
Legeai (2010)
149
miRNA 55 miRNA 94
miRNA miRNAs
miRNA
miRNA o
Brisson  (2010)
apterous decapentaplegic
o Ghanim  (2006) cDNA



*1541-

ANT.OS-D
3
Srinivasan  ( 2010)
S
o Rider Jr  (2010)
4
Shigenobu  (2010)

Wnt.JAK/STAT EGF

(2004)
(L.)3

( ESTs) 15

o Trionnaire  ( 2005)

13
5

Ollivier  (2010)

o 4

JHAMT Apo  GH)

o Huerta-Cepas
13

(2010)

Mp takeoutike

beta ( TGFB)
o Tagu
Rhopalosiphum  padi

EST

( C002

- Rispe

(2008) B
o 28
B
B
6
P450
S -
40
o CDNA
40%
P450 2 S -
( Ramsey
et al. 2010b) ., Puinean (2010)
1
P450
. (2010)
69  P450 13
18 39 EST
P450 o
7
Carolan  (2011)
1 577 925
300
. 300
€002
( Mutti et al.
2008) . Harmel (2008)
N -NADH N

o -



*1542-

Chinese Journal of Applied Entomology 48

( References)

Bai X Zhang W Orantes L. Jun TH Mittapalli O Mian
MA  Michel AP  2010.

Combining next-generation

sequencing strategies for rapid molecular resource
development from an invasive aphid species Aphis glycines.
PLoS ONE 5(6) :el1370.

Brisson JA Ishikawa A Miura T 2010. Wing development
genes of the pea aphid and differential gene expression
between winged and unwinged morphs. Insect Mol. Biol.
19 (2) :63—73.

Burke GR Moran NA 2011. Responses of the pea aphid
transcriptome to infection by facultative symbionts. Insect
Mol. Biol. 20 (3):357—365.

Carolan JC Caragea D Reardon KT Mutti NS Dittmer N
Pappan K Cui F Castaneto M Poulain J] Dossat C Tagu
D Reese JC Reeck GR Wilkinson TL Edwards OR
2011. Predicted effector molecules in the salivary secretome
of the pea aphid ( Acyrthosiphon pisum): a dual
transcriptomic / proteomic approach. J. Prot. Res. 10(4):
1505—1518.

Gerardo NM  Altincicek B~ Anselme C  Atamian H
Barribeau SM' de Vos M Duncan EJ Evans JD
Gabaldon T Ghanim M Heddi A Kaloshian I Latorre A
Moya A  Nakabachi A  Parker BJ PérezBrocal V
Pignatelli M Rahbé Y Ramsey JS Spragg CJ Tamames
J  Tamarit D Tamborindeguy C  Vincent-Monegat C
Vilcinskas A 2010. Immunity and other defenses in pea
aphids Acyrthosiphon pisum. Gen. Biol. 11:R21.

Ghanim M Dombrovsky A Raccah B Sherman A 2006. A
microarray approach identifies ANT OS-D and takeoutike

genes as differentially regulated in alate and apterous

morphs of the green peach aphid Myzus persicae ( Sulzer) .
Insect Biochem. Mol. Biol. 36:857—868.

Hansen AK Moran NA 2011. Aphid genome expression
reveals host-symbiont cooperation in the production of amino
acids. PNAS 108(7) :2849—2854.

Harmel N Cherqui A Giordanengo P
Mazzucchelli G Guillonneau F De Pauw E  Haubruge E
Francis F 2008. Identification of aphid salivary proteins: a

Létocart E

proteomic investigation of Myzus persicae. Insect Mol.
Biol. 17(2):165—174.

Huerta-Cepas J Marcet-Houben M Pignatelli M Moya A
Gabaldon T 2010. The pea aphid phylome: a complete
catalogue of evolutionary histories and arthropod orthology
and paralogy relationships for Acyrthosiphon pisum genes.
Insect Mol. Biol. 19 (2):13—21.

Legeai F' Rizk G Walsh T Edwards O Gordon K 2010.
Bioinformatic prediction deep sequencing of microRNAs
and expression analysis during phenotypic plasticity in the
pea aphid Acyrthosiphon pisum. BMC Genomics 11:281.

Mutti NS Louis J Pappan LK Pappan K Begum K Chen
MS Park Y Dittmer N Marshall ] Reese JC Reeck
GR 2008. A protein from the salivary glands of the pea
aphid  Acyrihosiphon pisum is essential in feeding on a
host plant. PNAS 105(29) : 9965—9969.

Ollivier M Legeai F Rispe C 2010. Comparative analysis of
the Acyrthosiphon pisum genome and expressed sequence
tag-based gene sets from other aphid species. Insect Mol.
Biol. 19 (2):33—45.

Puinean AM  Foster SP  Oliphant L. Denholm I Field LM
Millar NS Williamson MS Bass C  2010. Amplification of
a Cytochrome P450 gene is associated with resistance to
neonicotinoid insecticides in the aphid Myzus persicae. PLoS
Genetics  6( 6) : €1000999.

Qiao GX Zhang GX 2004. Preliminary study of aphid diversity
in China: tax onomic and geographic variation//Simon JC
Dedryver CA Hull M Rispe C ( eds.) . Aphids in a New
Millennium. Paris: INRA. 139—146.

Ramsey JS MacDonald S] Jander G Nakabachi A Thomas
GH  Douglas AE  2010a.

complementary purinemetabolism in the pea aphid

Genomic evidence for
Acyrthosiphon pisum and its symbiotic bacterium Buchnera
aphidicola. Insect Mol. Biol. 19 (2):241—248.

Ramsey JS Rider DS Walsh TK De Vos M Gordon KH
Ponnala L. Macmil SL  Roe BA Jander G 2010b.
Comparative  analysis of detoxification enzymes in

Acyrthosiphon pisum and Myzus persicae. Insect Mol. Biol.

19 (2) : 155—164.



*1543-

Ramsey JS Wilson AC de Vos M Sun Q Tamborindeguy
C Winfield A Malloch G Smith DM Fenton B Gray
SM  Jander G 2007.

Genomic resources for Myzus

persicae.  EST  sequencing ~ SNP  identification  and
microarray design. BMC Genomics 8:423.

Rider Jr SD  Srinivasan DG Hilgarth RS 2010. Chromatin—
remodelling proteins of the pea aphid Acyrthosiphon pisum
( Harris) . Insect Mol. Biol. 19 (2):201—214.

Rispe C Kutsukake M Doublet V. Hudaverdian S Legeai
F Simon JC Tagu D Fukatsu T 2008. Large gene family
expansion and variable selective pressures for cathepsin B in
aphids. Mol. Biol. Evol. 25(1):5—17.

Shigenobu S Bickel RD Brisson JA Butts T Chang C-
Christiaens O Davis GK  Duncan EJ Ferrier DEK Iga
M Janssen R Lin GW Lu H4. McGregor AP Miura
T Smagghe G Smith JM van der Zee M Velarde RA
Wilson MJ Dearden PK  Stern DL 2010. Comprehensive
survey of developmental genes in the pea aphid
Acyrthosiphon pisum: frequent lineage-specific duplications
and losses of developmental genes. Insect Mol. Biol. 19
(2):47—062.

Srinivasan DG Fenton B JaubertPossamai S Jaouannet M
2010. Analysis of meiosis and cell cycle genes of the

Acyrthosiphon  pisum

19 (2):

facultatively asexual pea aphid
( Hemiptera: Aphididae) . Insect Mol. Biol.
229—239.

Tagu D Prunierdeterme N Legeai F Gauthier JP Duclert A

Sabater-Munoz B Bonhomllle ] Simon  JC
2004. Annotated expressed sequence tags for studies of the
regulation of reproductive modes in aphids. Insect Biochem.
Mol. Biol. 34:809—822.

The International Aphid Genomics Consortium 2010. Genome
sequence of the pea aphid Acyrthosiphon pisum. PlLoS
Biol. 8(2):el000313.

Trionnaire GL Sabater-Munoz B Benedetto A Bonhomme J
Leterme N Callaini G Riparbeli MG Jaubert S Martinez—
Tortes D Cortes T Simon JC Tagu D 2005. Molecular basis
of reproductive polypbenism in the pea aphid. Presentation
in “7th Intemational Symposium on Aphids’ in Fremantle
Australia.

von Dohlen CD Rowe CA Heie OE 2006. A test of

morphological — hypotheses  for tribal and  subtribal
relationships of Aphidinae( Insecta: Hemiptera: Aphididae)
using DNA sequences. Mol. Phylogen. Evol. 38:316—329.
Wilson AC Ashton PD Calevro F Charles H Colella S
Febvay G Jander G Kushlan PF Macdonald SJ Schwartz
JF Thomas GH Douglas AE 2010. Genomic insight into
the amino acid relations of the pea aphid Acyrthosiphon
pisum with its symbiotic bacterium Buchnera aphidicola.
Insect Mol. Biol. 19 (2):249—258.
2010.
P450 . 53 (8) :849—

856.



