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Molecular phylogenetic analysis of Acridoidea based on 18S rDNA with a discussion

on its taxonomic system

LIU Dian-Feng JIANG Guo-Fang” Institute of Genetic Resources College of Life Sciences Nanjing Normal
University Nanjing 210097  China

Abstract The fragments of 18S rRNA gene were sequenced for 7 species from 7 families of Acridoidea and the
homologous sequences of 17 species of Orthoptera were downloaded from the GenBank data library. After the sequences
were aligned likelihood ratio test was used to find the best model of nucleotide substitution fitting the data obtained from
alignment. The molecular phylogenetic trees were reconstructed using Paratettix cucullatus of Tetrigoidea and Stiphra
robusta of FKumastacoidea as outgroups with NJ MP ML and Bayesian methods. There were 205 variable sites and 74
parsimony-informative sites in the 1 849 nucleotides of the data and the relative frequencies of the four nucleotides were
approximately equal which showed that the base compositions were not biased. The molecular phylogenetic trees showed
that Acridoidea was divided into four clades and the present families including Chrotogonidae Pyrgomorphidae
Catantopidae  Arcypteridae  Gomphoceridae and Acrididae were not monophyletic. It is suggested that Acridoidea be
divided into four families Pyrgomorphidae Pamphagidae Pneumoroidae and Acrididae.
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Tetrigoidea

2 18S rDNA 233
Curculionoidea 18S
2002 2003 rDNA
18S rDNA Caterino
RNA 18S rRNA 2000 185 rRNA  COI 16S rRNA EF-la
22
1999 18S rDNA 2 2
Bourgoin 1997 Paratettix cucullatus Stiphra
18S rDNA Hemiptera robusta 18S rDNA
Fulgoromorpha Flook
Rowell 1998 29 Polyneoptera
18S rDNA GenBank 1
8 18S rDNA
Palaeoptera Neoptera 1.1
Marvaldi 2002 18S rDNA 1
1
Table 1 The researched samples and their origin
GenBank
. L. . GenBank Accession )
Superfamily ~ Family Species Code Nurmber References
Haplotropis brunneriana hl1 AY626904 This Paper
Acridoidea ~ Pamphagidae Batrachotetrix sp. h12 797590 Flook PK 1998
Glauia terrea h13 797568 Flook PK 1998
Tagasta indica h21 AY626905 This Paper
Chrotogonidae Mekongiella kingdoni h22 AY379757 Yin XC 2004
Atractomorpha late h31 AY626906 This Paper
Pyrgomorphidae Atractomorpha sinensis h32 AY379760 Yin XC 2004
Pyrgomorpha conica h33 797580 Flook PK 1998
Spathosternum prasiniferum prasiniferum h41 AY626907 This Paper
Catantopidae Chondracris rosea rosea h42 AY379756 Yin XC 2004
Oxya chinensis h43 AY037173 Luan YX 2004
Prernoscirta sauteri h51 AY626908 This Paper
Oedipodidae Oedaleus asiaticus h52 AY379758 Yin XC 2004
Locusta migratoria h53 AF370793 Giribet G 2001
Ceracris fasciata szemaoensis h61 AY626909 This Paper
Arcypteridae Chorthippus intermedius h62 AY379754 Yin XC 2004
Dasyhippus peipingensis h71 AY379753 Yin XC 2004
Gomphoceridae Gomphocerippus rufus h72 797591 Flook PK 1998
Phlaeoba infumaia h81 AY626910 This Paper
Acrididae Acrida cinerea h82 AY379759 Yin XC 2004
Xyronotus aztecus hol 797588 Flook PK 1999
Pneumoridae Bullacris membracioides h92 797562 Flook PK 1998
g Stiphra robusta ml 797583 Flook PK 1998
Fumastacoidea  Proscopiidae
Tetrigidae Paratettix cucullatus z1 AY338722 Ogden TH 2004
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1.2 DNA
2
SDS/ K
K 20 pg/mL SDS 1% 8~12h /
DNA TE -
20°C
1.3 PCR 18S rDNA
PCR Flook  Rowell 1998
stDNA-6P  5'-TAAATGATCC-TTCCGCAGG
TTCA-3' ORNP 18S-2  5'-TTCTGGTTGATCCTG
CCAG-3’
PCR 30 pL 10 mmol/L. Tris pH
8.3 50 mmol/L. KCI 0.01% Triton X-100 1.5
mmol/L. MgCl, 0.8 mmol/LL ANTP 0.6 mmol/L
1.5 U Taq 1 pL 10 ~ 25 ng DNA
PCR
PCR 35 95°C
40 s 55°C 50°C
0.5C 50°C 25 72°C 2 min
95°C 5 min
72°C 10 min PCR 1.5%
1.4 PCR
PCR
2 18S rDNA
Flook 1998
2
Table 2 Sequencing primers
Primer Sequence
srDNA-6P 5'-TAAATGATCCTTCCGCAGGTTCA-3’
ORNP 18S-2 5'-TTCTGGTTGATCCTGCCAG-3’
18S-M1 5'-CCACCGAATCAAGAAAGAGCTATC -3’

85-M2 5'-TGTGGTAGCCGTTTCTCAG -3’

118S-P1 5'-ATAACGATACGGGACTCATC -3’
18S-P2 5'- TTCTTGATTCGGTGGGTC-3’
1.5 DNA
7 7 18S rDNA
GenBank 9 15
Paratettix cucullatus Stiphra robusta
18S 1DNA 1 Clustal X1.8

slow/accurate  gap
opening penalty 15.00 gap extension penalty 6.66

delay divergent sequences 30%  DNA transitions

weight  0.50
matrix 1UB

negative matrix

18S rDNA

OFF  DNA weight

Modeltest
3.06 Posada and Crandall 1998
PAUP4.0b10  Swofford
2002  MEGA2.1 Kumar et al. 2001
18S rRNA
Neighbor-joining method ~ NJ
Maximum parsimony ~MP

likelihood method ML

Maximum

Bayesian method

Flook and Rowell 1998 Flook et al.

1999
P. cucullatus S. robusta
NJ ML MP PAUP 4.0b10

ML  MP NJ ML

Modeltest 3.06 MP

PAUP4.0b10
2:1 NJ MP Bootstrap1000
ML Bootstrap200
MrBayes3-0b4 Huelsenbeck and
Ronquist 2001 nst
=6 GIR rates =
Invgamma 4
200 000 100 1
2
2.1 18S rDNA
GenBank

AY626904 ~ AY626910

GenBank 17
Clustal X 1.81 1 849
Gap Mega 205
74 ATC G
23.9% 24.3% 23.8% 28.0%

Tamura-Nei+ I +G G=0.7732 1=0.7786
3 /
2.38



2 18S rDNA 235
2.9% S. robusta H. A. sinensts P . conica P.
brunneriana 8.8% P. cucullatus sautert 0. asiaticus L. migratoria
A. late P. cucullatus C. rosea 0.048
0 0.023
3 24 18S rDNA Tamura-Nei + gamma /

Table 3 Sequence divergence Tamura-Nei+ gamma model transitions + transversions below diagonal and numbers of

substitutins transition/transversion

above diagonal for mitochondrial 18S rDNA sequences of 24 species of orthopteran insects

1 2 3 4 5 6 7

8 9 0 11 12

3 14 15 16 17 18 19 20 21 22

23

24

h32
h33
h21
h22
h31
h

0/0  6/1

6/1

9/0
9/0
mn

16/10 22/7
16/11 22/7
13/10 18/8
16/10 19/7

24/15

2477
2417
20/8
2177
26/15
6/0

0.000

0.004 0.004
0.005 0.005 0.005
0.016 0.016 0.015 0.016

1 0.019 0.019 0.017 0.017 0.027
h12 0.021 0.021 0.018 0.018 0.029 0.003

h13 0.020 0.020 0.019 0.018 0.029 0.004 0.005
h91 0.026 0.026 0.022 0.022 0.032 0.012 0.013
h92 0.026 0.026 0.023 0.020 0.033 0.013 0.015
h510.022 0.022 0.019 0.016 0.028 0.006 0.009
h52 0.022 0.022 0.019 0.016 0.028 0.006 0.009
h53
h62
W71
h72
42
hol
h8l1
41
143
h82

O o 9 N W B W
= =

—_
(=1

11

zl

23/7 28/10 29/9
23/7 28/10 29/9
21/8 23/11 24/10
20/7 23/10 22/9
26/15 28/18 30/17
710 15/5 1477
9/0 16/5 17/7
16/5 1717
0.013 1175
0.015 0.010
0.008 0.010 0.012
0.008 0.010 0.012 0.000

24/8 24/8
24/8 24/8
20/9 20/9
17/8 1718

9/1

13/1
12/1
11/6
12/8

91

13/1
12/1
11/6
12/8
0/0

0.022 0.021 0.019 0.016 0.028 0.006 0.009 0.008 0.010 0.012 0.000 0.000
0.022 0.022 0.021 0.016 0.029 0.007 0.010 0.008 0.012 0.014 0.002 0.002 0.002
0.023 0.022 0.021 0.016 0.029 0.008 0.010 0.008 0.013 0.015 0.003 0.003 0.003 0.001
0.024 0.024 0.023 0.018 0.031 0.008 0.010 0.008 0.014 0.016 0.003 0.003 0.003 0.002 0.002
0.034 0.034 0.033 0.031 0.048 0.020 0.023 0.020 0.029 0.033 0.017 0.017 0.016 0.017 0.017 0.017
0.022 0.022 0.021 0.016 0.029 0.007 0.010 0.008 0.012 0.012 0.001 0.001 0.001 0.002 0.003 0.003 0.015
0.021 0.021 0.020 0.016 0.028 0.007 0.010 0.008 0.012 0.013 0.001 0.001 0.001 0.002 0.003 0.003 0.017 0.001
0.023 0.023 0.020 0.017 0.027 0.008 0.010 0.010 0.012 0.012 0.002 0.002 0.002 0.005 0.005 0.005 0.020 0.003 0.003
0.024 0.024 0.021 0.018 0.030 0.008 0.010 0.010 0.011 0.011 0.002 0.002 0.002 0.004 0.005 0.005 0.019 0.003 0.003 0.002
0.021 0.021 0.018 0.015 0.029 0.008 0.010 0.011 0.013 0.014 0.003 0.003 0.003 0.005 0.006 0.006 0.019 0.004 0.004 0.003 0.004
ml 0.041 0.041 0.042 0.043 0.057 0.029 0.030 0.030 0.039 0.041 0.033 0.033 0.033 0.033 0.034 0.034 0.045 0.031 0.033 0.037 0.036 0.036
0.075 0.075 0.067 0.067 0.088 0.065 0.065 0.065 0.065 0.072 0.059 0.059 0.059 0.065 0.066 0.065 0.088 0.063 0.061 0.063 0.063 0.063 0.069

24/16 24/16 24/16 25/16 25/17

24/8
24/8
20/9
17/8

24/8 24/9 25/10 27721
24/8 24/9 25/10 27/21
22/9 22/10 23/11 25/22
17/8 17/9 18/10 24/21
26/18 33/29
103 17/14
14/3 21/14
1173 18/14
14/8 23/19
15710 26/21
372 14/13
32 14/13
32 14/12
172 12/15
173 12/16

13/15

24/8 23/9 24/10 25/10
24/8 23/9 24/10 25/10
22/9 21/10 20/11 21/11
17/8 16/9 17/10 18/10
25/16 24/17 24/16 25/18
1/1 1072 11/3 10/3
15/1 1472 14/3 13/3
12/1 1172 14/3 13/3
13/6 12/7 12/7 1177
14/8 13/9 12/8 11/8
200 171 22 112
200 171 22 12
200 171 22 112
22113 44  3/4
23 1/4 4/5 35 55
32 213 5/4 44 6/4
12/13 13/14 16/15 15/15 15/15

/1 42 312 512
3/3 213 43
172 2/4

3/4

23/8
23/8
19/9
16/8

9/1

13/1
12/1
11/6
12/8
0/0
0/0

93
13/3
10/3
14/6
15/8
2/2
2/2
2/2

9/4
13/4
10/4
14/7
15/9
2/3
2/3
2/3
0/1

1173
13/3
14/3
1477
13/9
32
32
3/2
5/4

35/22
35/22
35/23
36/22

27714 42/28

27115
28/15
29/15
32/22
3521
31/16
31/16
31/16
29/18
29/19
30/18
32/29
29/16
30/17
33/18
32/18
33/17

48/37
48/37
42/38
43/37
46/48
41/35
41735
42/35
39/39
44739
38/34
38/34
38/34
40/36
40/37
41/36
47/47
40/34
39/34
39/37
39/37
40/35
36/45

PAUP 4.0b10

DNA TrNef
Nei 1993 with equal base frequencies
GTR model 10
- InLL

4

Modeltest 3.0

+ 1+ G Tamura-
restriction of 6ST

t N

I gamma
Ryy
NJ
MrBayes
20 000

Table 4 Nucleotide substitution model parameter estimates for hierarchical likelihood ratio test hLRT

G

4

ML

- InLL n N I

G Rac

Rac Rar Ree Rer

Rer

4 074.2727

Equal 0.7786 0.7732

1.0000

1.5536

1.0000

1.0000

5.1235

1.0000

2.3

MP

NJ ML

PAUP

NJ
Modeltest 3.06

NJ ML MP

ML
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A B
Table 5 Nucleotide substitution model parameter
estimates for two independent bayesian analyses
Upper values in each pair correspond to analysis A

lower values correspond to analysis B

95%

Parameter Mean Variance 95% Credible Interval
0.348782  0.212600  0.207000 1.766000
Total tree length TL 0.359372  0.208891  0.210000 2.364000
1.000000  0.000000  1.000000 1.000000
Rate of substitution R¢yp 1.000000  0.000000  1.000000 1.000000
6.055145 3.583672  3.393659 10.382082
Rate of substitution Rer 5.910211  3.033792  3.486592 9.803775
0.782675 0.151560  0.219074 1.740689
Rate of substitution Reg~ 0.782082  0.086938  0.351400 1.473812
0.578207  0.092500 0.176239 1.256993
Rate of substitution Ry 0.583610 0.058061  0.224815 1.178533
1.346554  0.210498  0.667454 2.457260
Rate of substitution Ry¢ 1.312972  0.174684  0.700556 2.331148
1.282685 0.222839  0.585735 2.411977
Rate of substitution R¢ 1.232870  0.173143  0.602717 2.173448
0.237520  0.000092 0.218475 0.256791
Base frequencies 1 A 0.237520  0.000094  0.217957 0.256008
0.238370  0.000095 0.219485 0.256792
Base frequencies 1 C 0.239520  0.000093  0.220173 0.257462
0.279900 0.000103  0.260054 0.300182
Base frequencies 1 G 0.279292  0.000104  0.258377 0.298993
0.244209  0.000090  0.224675 0.261569
Base frequencies © T 0.243668 0.000091  0.226005 0.263234
Gamma 0.814001  0.295104  0.181277 2.095546
Shape parameter alpha G 0.900167  2.567827  0.129038 2.286361
0.758338  0.003154 0.635297 0.829739
Pinvar 1 0.760476  0.002552  0.658485 0.830379

1 2 MP 3

MP Consistency index CI
0.8098 Retention index RI 0.7875
4 4
4
Pyrgomorphidae
Chrotogonidae
T. indica M. kingdom
Pneumoridae X.
aztecus  Bullacris membracioides

Pamphagidae Batrachotetrix  sp
Glauia terrea
S. prasiniferum

Oedipodidae
Arcypteridae

Catantopidae

O . chinensis

C . intermedius C. fasciata

Gomphoceridae D . peipingensis
G. rufus Acrididae
A. cinerea P. infumaia
3
3.1 18S rDNA
Mega 24 18S
DNA 4 ATC G
23.9% 24.3% 23.8% 28.0%
16S rDNA
125 tDNA A+T Flook
et al. 1999
Lockhart et al. 1994 18S rDNA
DNA
TrNef + 1+ G
RNA RNA
18S tDNA
6 CT
4
AG
Knight ~ Mindell 1993 2003
2.0
2.38
Tamura-Nei+ 1 + G
0.023 18S rDNA
18S rDNA
3.2
NJ
MP ML
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65 (— Pternoscirta sauteri (Oedipodidae)
52 E Oedaleus asioticus (Oedipodidae)
Locusta migratoria (Oedipodidac)
1 68 Spathosternum prasiniferum prasiniferum (Catantopidae)
20 44 E Oxya chinensis (Catantopidae)
Acrida cinerea (Acrididae)
a1 27 I: Ceracris fasciata szemaosnsis (Arcypteridae)
1 Phlaeoba infumaia (Acrididae)
7 71 Chorthippus intsrmedius (Arcypteridae)
88 E Dasyhippus peipingensis (Gomphoceridae)
Gomphocerippus rufus (Gomphoceridae)

— | Chondracris rosea rosea (Catantopidac)

63 — Haplotropis brunneriana (Pamphagidac)
82 |—E

71

Batrachotetrix sp. (Pamphagidae)

Glauia terrea (Pamphagidae)

97— Xyronotus astecus (Pneumoridae)

98 L Bullacris membracioides (Pneumoridae)
100 (— Atractomorpha sinensis (Pyrgomorphidae)
94 Pyrgomorpha conica (Pyrgomorphidae)
58 Tagasta indica (Chrotogonidae)
100 Mekongiella kingdoni (Chrotogonidac)

Atractomorpha lats (Pyrgomorphidae)

Stiphra robusta (Eumastacoidea)

Paratettix cucullatus (Tetrigoidea)
1 18S rRNA 24 NJ 1000

Fig. 1  The neighbor-joining tree resulting from analysis of the 18S tTRNA gene sequences of 24 orthopteran

insects Numbers on nodes correspond to percentage bootstrap values for 1000 replicates

37 Spathosternum prasiniferum prasiniferum (Catantopidae)

55 E Oxya chinensis (Catantopidae)
Acrida cinerea (Acrididae)

18

Pty irta sauteri (Oedipodidac)
2| f——— Locusta migratoria (Oedipodidae)

20 —— Qedaleus asiaticus (Oedipodidac)
Phlaeoba infumaia (Acrididae)

30 — Ceracris fasciata szemaoensis (Arcypteridae)

57 Dasyhippus peipingensis (Gomphoceridae)

63 — Chorthippus intermedius (Arcypteridae)
68 |—E

Gomphocerippus rufus (Gomphoceridae)
52

Chondracris rosea rosea (Catantopidae)

53 — Glauia terrea (Pamphagidae)
79 57

Batrachotetrix sp.(Pamphagidae)

Haplotropis brunneriana (Pamphagidae)

80 (— Xyronotus aztecus (Pneumoridae)

97  Bullacris membracioides (Pneumoridae)
59 (— Atractomorpha sinensis (Pyrgomorphidae)
31 Pyrgomorpha conica (Pyrgomorphidae)
58 Mekongiella kingdoni (Chrotogonidac)
100 Te indica (Chrotogonidae)

&

Atractomorpha lats (Pyrgomorphidae)

Stiphra robusta (Eumastacoidea)

Paratettix cucullatus (Tetrigoidea)

2 18S rRNA 24 MP 1000
Fig. 2 The maximum parsimony tree resulting from analysis of the 18S rRNA gene sequences of 24 orthopteran

insects Numbers on nodes correspond to percentage bootstrap values for 1000 replicates

Nei
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w

Pternoscirta sauteri (Oedipodidae)

43

Locusta migratoria (Oedipodidae)

Oedaleus asiaticus (Oedipodidac)

5|8_E Chorthippus intermedius (Arcypteridae)

Gomphocerippus rufus (Gomphoceridae)

23

Phlaeoba infumaia (Acrididae)

Haplotropis brunneriana (Pamphagidae)
Batrachotetrix sp.(Pamphagidae)

4
I— Glauia terrea (Pamphagidae)
8

63 Pyrgomorpha conica (Pyrgomorphidae)
Tagasta indica (Chrotogonidae)
Atractomorpha lats (Pyrgomorphidae)

26 Mekongiella kingdoni (Chrotogonidae)

99
90 E Xyronotus aztecus (Pneumoridae)
Bullacris membracioides (Pneumoridae)

Stiphra robusta (Eumastacoidea)

3 18S rRNA

Paratettix cucullatus (Tetrigoidea)

24 ML

Dasyhippus peipingensis (Gomphoceridae)

45 |: Chondracris rosea rosea (Catantopidae)
Ceracris fasciata szemaoensis (Arcypteridae)

Atractomorpha sinensis (Pyrgomorphidac)

36 Spath prasiniferum prasiniferum (Catantopidae)
i‘f Oxya chinensis (Catantopidae)
Acrida cinerea (Acrididae)

200

Fig. 3 The maximum likelihood tree resulting from analysis of the 18S rRNA gene sequences of 24

orthopteran insects Numbers on nodes correspond to percentage bootstrap values for 200 replicates

and Kumar. 2000

25
2003
3
4
ML NJ
NJ MP
18S rDNA
Nei  Kumar 2000
MP
MP
RI  0.7875

3.3

18S rDNA
MP
1998 2003
CI  0.8098
10
9

Bootstrap

2004

22
10



2 18S rDNA

239

0.97
0.97
0.18
0.46
0.36[

0.85
0.14

0.30 0.11
0.05| E

0.28

0.72

1.00

1.00|:

4 18S rRNA 24

Chorthippus intermedius (Arcypteridae)
Dasyhippus peipingensis (Gomphoceridae)
Gomphocerippus rufus (Gomphoceridae)
Phlaeoba infumaia (Acrididae)
Chondracris rosea rosea (Catantopidace)
Ceracris fasciata szemaoensis (Arcypteridae)
Spathostemum prasiniferum prasiniferum (Catantopidae)
Oxya chinensis (Catantopidae)
Acrida cinerea (Acrididae)
Oedaleus asiaticus (Oedipodidae)
Locusta migratoria (Oedipodidae)
Pternoscirta sauteri (Oedipodidae)
Haplotropis brunneriana (Pamphagidae)
0.57 Batrachotetrix sp.(Pamphagidae)
Glauia terrea (Pamphagidae)
Atractomorpha sinensis (Pyrgomorphidae)
Pyrgomorpha conica (Pyrgomorphidac)
Tagasta indica (Chrotogonidae)
Atractomorpha lats (Pyrgomorphidae)
Mekongiella kingdoni (Chrotogonidae)
Xyronotus aztecus (Pneumoridae)

Bullacris membracioides (Pneumoridac)
Stiphra robusta (Eumastacoidea)

Paratettix cucullatus (Tetrigoidea)

Fig. 4 The bayesian tree resulting from analysis of the 18S rRNA gene sequences of 24 orthopteran

insects Numbers on nodes correspond to posterior probability values

1984 1991

Xyronotus
aztecus  Bullacris membracioides
Batrachotetrix sp.  Glauia terrea
4
Flook et al. 1997 Dirsh

Pamphagoidea  Dirsh et al. 1975 4

Flook  Rowell 1997 16S rDNA  12S rDNA
5

4

2004

Acrididae  Flookand Rowell 1997
Pternoscirta sautert

Ceracris fasciata szemaoensis

0.001

Dasyhippus peipingensis 0.003
Phlaeoba infumaia
0.001 5
5
4
Pyrgomorphidae Pneumoroidae
Pamphagoidae Acrididae
3
3.4
2002 8 10
3
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2003 2004
18S rDNA

Gomphocerippus rufus
Chorthippus intermedius

Ceracris fasciata szemaoensis

1991

1996

1998

16S rDNA

4
Dasyhippus peipingensts

1999
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