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Application of gene sequences in molecular phylogenetic study on Aphididae

Hemiptera
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Abstract The application of nuclear and mitochondrial gene sequences in the molecular phylogenetics of
Aphididae Hemiptera is summarized with a special focus on the scientific problems which they can resolve.
Among the nuclear genes sequences of EF-la are used most widely and they are fit for studying the
phylogenies at genus or higher levels nuclear rDNAs are used less in aphids’ phylogeny analysis LWO is a
new marker developed in aphids and both of them are applicable for higher-level taxa above family. Among
the mitochondrial genes the most often used markers are CO [ /CO [ . 12S rDNA/16S tDNA NDI Cyt b
and F-ATP6 are also used in Aphidinea phylogeny reconstruction. Combined analyses are performed between
nuclear genes and mitochondrial genes as well as among different mitochondrial genes. New genes should be
explored and® standard markers” need to be found in aphids. The prospects of molecular systematics in
Aphidinea in the future are also discussed.
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Stern et
1
al. 1997
Moran 1988 1-a EF-1a  elongation factor-
1989 von Dohlen and Gill 1989 von Dohlen 1990 la LWO long-wavelength opsin
1991 Wool and Burstein 1991 Stern and Foster 18S 1DNA 28S tDNA 5.8S tDNA TS
1996 Stern 1994 1995 1998 David et al. 2001 .
CO [ cytochrome oxidase
Inbar 2004~ Wool 1984 2004 Shingleton et al. subunit |  COIl cytochrome oxidase subunit [[  12S
2005 DNA 165 DNA NDI the subunit 1 of NADH
dehydrogenase  Cyt b cytochrome b F-ATP6  the
subunit 6 of F-ATPase complex
1998
2005 25 Remaudiere and
Remaudiere 1997 Borner 1952
Raychaudhuri 1980
DNA NCBI
NCBI national 1
center for biotechnology information
GenBank col coll
EF-1a 4
Lachninae Hormaphidinae
Aphidinae Pemphiginae 1
1 GenBank 2005 10
Table 1 Statistical analysis of gene sequences used in the molecular phylogenetics of Aphididae
from GenBank up to October 2005
Nuclear genes Mitochondrial genes
Subfamily Total sequences EF-1a LWO I8SDNA COI COIl cOIl/COIl * 128/16StDNA ND1  F-ATP6
Greenideinae 2 0 0 0 0 0 0 2 0 0
Mindarinae 1 0 0 0 0 0 0 1 0 0
Phloeomyzinae 1 0 0 0 0 0 0 1 0 0
Hormaphidinae 134 25 1 0 0 30 58 20 0 0
Thelaxinae 2 0 1 0 0 0 0 0 0 1
Pemphiginae 53 0 5 1 17 15 0 8 0 7
Anoeciinae 3 0 1 0 0 0 0 0 0
Lachninae 223 49 3 0 147 0 15 3 0 6
Aphidinae 121 38 4 0 0 21 16 21 16 5
Chaitophorinae 20 0 1 0 0 0 16 2 0 1
Saltusaphidinae 1 0 0 0 0 0 0 1 0 0
Drepanosiphinae 3 0 1 0 0 0 0 1 0 1
Phyllaphidinae 10 0 2 0 0 0 0 6 0 2
Total 574 112 19 1 164 66 105 68 16 23
x COl coll Leu-tRNA

* A unitary combine sequence including CO |

CO [l and Leu-tRNA between CO I and CO 1[I .
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2
2.1
2.1.1 EF-la EF-la -la  elongation
factor-1a
Normark 1999
Normark 2000
EF-1a coll Lachninae
EF-la EF-la  COTII
combined analysis Lachnini

Favret Voegtlin 2004
EF-la  CO I
Cinara
3
Moran 1999 EF-1a
Uroleucon
EF-1a
EF-1a
von Dohlen
2002 Hormaphidinae EF-1a
EF-1a
EF-la  Leu-tRNA/CO I
EF-1a
Leu-tRNA/CO I
Hamamelistes Hormaphis
2~3
EF-1a

Danforth

and Ji 1998 Hedin and Maddison 2001

Caterino et al. 2000 EF-la
2.1.2 rDNA 18S rDNA 28S rDNA 5.8S rDNA
ITS DNA DNA
DNA
3 RNA 185 28S 5.85
internal transcribed spacer ITS

non-transcribed spacer NTS Tautz et al.

1988  rDNA
2005
rDNA
Cameron et al. 1992
Gauthier et al. 2000 Goolsby et al. 2001 28S
rDNA D2
28S rDNA
Martin and Pashley 1992
18S tDNA 1700 ~ 2 300

Baverstock and

Johnson 1990  Sanchis 2000 18S rDNA
18S
rDNA 18S
rDNA Martin
and Pashley 1992 Miller et al. 1997  von Dohlen

Moran 1995 18S rDNA 580 ~ 680 bp
ITS

2005 5.8S tDNA
Einsele et al. 1997

rDNA rDNA
rDNA
2.1.3 LWO LWO long-
wavelength opsin
Mardulyn
and Cameron 1999  Benjamin 2004 LWO

7
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LWO F-ATP6

informative site

von Dohlen and Moran 2000
David et al. 2001

LWO
2.2 mtDNA
mtDNA 15.4~16.3 kb
DNA
DNA DNA 5-~10
mtDNA
1996
mtDNA COI/COIl ND1 Cytb
F-ATP6 12S fDNA  16S rDNA
2.2.1 col/coll col/coll
CoOl coll
Leu-tRNA
col col Leu-tRNA/CO I
Inbar 2004 CO
1 co Il 1 952 bp
Pemphiginae Fordini
Moran 1999
Uroleucon 14 CO I /Leu-tRNA/CO II
1 462 bp EF-1a  ND1
4 287 bp
Shingleton ~ Stern 2003 col/coll
Chaitophorus 15
Stern 1994
Col/coll
Hormaphidinae
col/coll
Stern 1997
CO1L/
Coll 5
5
col/coll

Shufran 2000

Schizaphis graminum  Rondani

co 1

1.2 kb
3
3
2.2.2 128 1DNA/16S rDNA 128
DNA  16S rDNA Val-tRNA 16S rDNA
Simon et al. 1994

Raghava et al. 2000 12S tDNA  16S rDNA

Dietrich et al. 1998 Chen et al. 2002
Val-tRNA
von Dohlen Moran 2000

DNA 12S rDNA/Val-tRNA/16S

rDNA
Moran
1999 12S tDNA/16S rDNA
EF-1a Uroleucon
2.2.3 NDI/Cytb ND1I  NADH 1
Cyt b b
Cyt b 2001
Figueroa 1999 ND1/
Cytb Sitobion
Sitobion avenae Fabricius S.
fragariae  Walker RAPD
Moran 1999
Uroleucon
ND1
ND1I  Cytb
2.2.4 F-ATP6 F-ATP6 F-ATP
6 COL/CONl Cyth F-ATP6
David 2001
F-ATP6
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2.3
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