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The Molecular Phylogenetic Analysis of Some Species of Orthoptera
Based on Mitochondrial ND2 Gene
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Abstract: The complete sequences of ND2 gene from 39 Orthoptera species were sequenced in this study and
those of 41 species down loaded from GenBank were used to construct the robust phylogenetic relationships of
these Orthoptera species and to explore their phylogenetic utility and performance. The results indicated that the
complete sequence length of ND2 gene was 996 — 1 029 bp with average length of 1 020 bp, A +T content was
73% . The SH test of phylogenetic trees reconstructed using four methods showed that the maximum likelihood
tree from RAxML method was not significantly different from that of maximum parsimony or Bayesian method,
but was significantly different from that of maximum likelihood method using the PAUP”. The Orthoptera
showed monophyly, while Acrididae, Arcypteridae, Gomphocerinae and Catantopidae were not monophyletic
groups ; meanwhile the relationship between Pyrgomorphidae and Chrotogonidae was much closer, which was
consistent with the Otte’ s classification system, and thus we suggested to merge them as one family. Some

disputes still existed on the status of the Pamphagidae. Ensifera was divided into two branches. Gryllotalpidae
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and Gryllidae were grouped into one clade with high confidence, and the Tettigoniidae was regarded as another

independent clade.
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Table 1 The information of the researched samples

S M Taxonomic 44 Species SRAEH I Collect places GenBank 5
BERRUEF} Catantopidae HRAIE I BERE Apalacris tonkinensis PN 1Q283247
PRIR MG BELE A. nigrogeniculata EN 1Q283248
JNERIHNE Caryanda elegans “HER JQ283249
=M IR C. yunnana P JQ283250
FT TGS Zubovskia koeppeni W T A JQ283251
BRIV Tonkinacris sinensis TN I JQ283263
LR K I8 Choroedocus violaceiepes - JQ283252
KM IHERE Eirnephilus longipennis IO B JQ283253
BE B Ecphymacris ofaoshana PN JQ283254
AE B i 5% e Fruhstorferiola huayinensis Bl e -4z JQ283255
Ik JF R R UL F. omei BEVEFEIK JQ283256
BEAAERE Hieroglyphus annulicornis iRARGIRA| 10283257
TR ) i et M englacris maculata 2 % B SR B JQ283258
H ARG Oxya japonica 1 =31 JQ283259
Totki FEE 0. adentata EURSS 1Q283260
LS Sinopodisma houshana BEVEFEIK JQ283261
S B S. guizhouensis S KK JQ283262
IR Traulia minuta Py JQ283264
H A B I Patanga japonica QRIS JQ283265
ZEUE /NS Pedopodisma tsinlingensis eV K2 1Q283266
5 FA AN BETE R X enocatantops brachycerus Bl e -4z JQ283267
KEESIPEBRIE X, humili SRS J(Q283268
W UERL Arcypteridae FHHATUE Ceracris nigricornis nigricorn 2 1Q283269
[ TS Euchorthippus fusigeniculatus P JQ283270
JHIE P OIS Lewconemacris litangensis PO 1| B3 JQ283271
S IEE}L Acrididae HhAEWELE Acrida cinerea PP K %2 1Q283272
=R Carsula yunnana “HETH 1Q283273
A R Pamphagidae FAHAEWNE Sinotmethis amicus TR SR JQ283274
i s L Chrotogonidae 78 3B T A Mekongiella xizangensis PER T ARV H JQ283275
S YRV M. wiangchengensis LR JQ283276
A Yunnanites coriacea =M EW JQ283277
55 B Conocephalidae P EL S Conocephalus maculatus JA G- JQ283279
% o P Phaneropteridae M R H-35 Elimaea cheni WrA] JQ283280
@ ITEL Tettigoniidae 54 [ & Gampsocleis sedakovii WAL R 10283281
AL B3 Atlanticus sinensis WL E JQ283278
R R Gryllidae ZAPHE S 1% Loxoblemmus doenitzi WAL E JQ283282
ERNIMHT T Teleogryllus infernalis WAL E B J0283283
BERR IR} Catantopidae RAEFREIE Oxya chinensis EF437157
KT it Ognevia longipennis EU914848
VPR Schistocerca gregaria gregaria GQ491031

DU &R EE Traulia szetschuanensis EU914849
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43237 Taxonomic 44 Species KM Collect places GenBank 5
JEW SRR Primna arctica GU294758
W HUERL Arcypteridae R4S Chorthippus chinensis EU029161
[ %5 R Arcyptera coreana GU324311
SR Acrididae URE MRS Acrida willemsei EU938372
H SIS Phiaeoba albonema EU370925
BEA AR} Oedipodidae SRR NS Angaracris barabensis EF395798
LA RIS A rhodopa EF395796
AERR LR B Aiolopus tamulus EF395804
SRR Bryodema nigroptera EF395802
i B. luctuosum luctuosum EF395800
TS B. miramae miramae EF395799
KAZHNE Compsorhipis davidiana EF395797
TR SIS Bryodemella holdereri holdereri EF395801
ZPEENE Gastrimargus marmoratus EU513373
W RIE Locusta migratoria migratoria EU287446
F/NEI] Oedaleus decorus decorus EF395792
LUR/INEEIE 0. manjius EF395791
#JR/NEE 0. infernalis EF395790
WIH/NEESE O. decorus asiaticus EU513374
R SR Sphingonotus yenchihensis EF395795
ZRIATRAE S. tsinlingensis EF395794
e e Trilophidia annulata EF395803
HESL R} Pyrgomorphidae SER IS Atractomorpha sinensis EU263919
HiE £ 42 R} Gomphocerinae LTV FA BE Gomphocerippus rufus GU294759
PEAEF) P Gomphocerus sibiricus tibetanus HM131804
ZERK LIS G. licenti Q180102
Tl #5 &+ Bradyporidae B E Deracantha onos EU137664
a5 0TF} Tettigoniidae JEE 1% 5T Anabrus simplex EF373911
AN ES: Gampsocleis gratiosa EU527333
T¢ & £ Rhaphidophoridae T X8R Troglophilus neglectus EU938374
& FF Conocephalidae SEAN TR Ruspolia dubia EF583824
WCER Myrmecophilus mann EU938370
WRIERL Gryllidae ALHTIMEE P Teleogryllus emma EU557269
WEEEL Gryllotalpidae IRITWENE Gryllotalpa orientalis AY660929
RN 2 880 G. pluvialis EU938371
S50 H Isoptera e B MY Reticulitermes hageni EF206320
% H Blattaria T = /N Blattella germanica EU854321
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L Xenocatantops humili
Choroedocus viclaceispes

{Epa."acnls fonkinensis

80.7 Apalacris nigrogeniculala) prpis sl
Ecphymacris lofaoshana Hieroglyphus annulicomis
75.05 — Angaracris barabensis ! Traufia minuta
7 l.RS‘E Compsom,:pjs davidiana Traulia szelschuanensis
Angaracris thodopa Sinotmethis amicus HilF
15— Sphingonotus yenchihensis Chorthippus chinensis
64.3| “L_ sphingonotus tsinfingensis Gomphocerippus rufus -
Bryodema nigroptera Gomphocerus .f;:rbmgus tibetanug 4
Bryodemsila holdsrefi holderen & Emhi;::g:zﬁl;z:negjlat #
Bryodema luctuosum lucluosum| # L . *
. X 7] Leuconemacris litangensis 5
Bryodema miramae miramae | ¥} Arcvotera coreana 1]
Aiolopus tamulus ypteracoreana |y
Tritoptidia annuiata [ Ceracris nigricornis nigricomis
93 Gastrimargus marmoralus 99 7 Phiacaba albonerma
il Acrida cinerea &) 1w R
Qedaipus decorus decorus —[ Acrida willemsei
Oedaleus decorus asiaticus oA|, — Atractomorpha sinensis 1 .47
Qedalsus manjius A5 —Mekongiella xizangensis
Oedaleus infernalis 9995 Mekongiana xiangchengensis| R R}
Locusta migratoria migratoria Yunnanites coriacea
Caryanda elegans - Carsula yunnana
937 '~ Caryanda yunnana Allanticus sinensis
s¢.1s(— Oxya japonica 31 72, Gampsocleis graliosa
Oxya chinensis . ;: i Gampsocleis sedakovii
Oxya adentata 1 '— Anabrus simplex
Zubovskia koeppeni 6.5 Deracantha onos
00— Eimephilus longipennis 1:lds— Conocephalus maculatus
Cgnevia longipennis Elimaea cheni £
Prumna arclica Ruspolia dubia ¥
9.6 — Fruhstorfsriola huayinansis — Troglophilus neglectus H
Fruhstorferiola omei 2 2 Loxoblemmus doenitzi
84 Sinopodisma houshana [ n Teleogryllus infernalis
Tonkinacris sinensis M Telesogrylius emma
Sinopodisma guizhouensis Xenorrylus manmoratus
Pedopodisma tsinfingensis o sis — Myrmmecophilus manni
Calliptamus italicus 3{: Grylfotalpa orientalis
s1]f — Schistocerca gregaria gregaria Grylotalpa pluvialis
Palanga japonica — Blaitella germ anica
Menglacris maculala — Reticulitermes hageni
140 — Xenocatantops brachycerus o ol

E1 EFMPEEEZHNERRRER
Fig.1 Phylogenetic tree based on maximum parsimony inference method
BT R 28K 5008, J5 F ] . Numbers on nodes are bootstrap , the same in the following figures.
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1— Apalacris tankinensis - Ceracris nigricornis nigricorn I
‘Ew.‘mﬂ: nigrogenicuiata Phiaeoba albonema G| ff; i1 f}
Ecphymacris lofaoshana - Angaracris barabensis
0.95 ( Caryanda elegans - Compsorhipis davidiana
1|~ Caryanda yunnara Angaracris rhodopa
0 |- Oxve japonica 0.75 Bryodema nigroptera
Oxya chinensis 091 Bryademelia holdereri holdereri
Oreya adentata 0.3 \Bryodema tuctuosum tuctiosum B
| Zubovskia koeppeni ks BWma mramael rmrcfime ?E[
098l Eirephilus longipennis Spﬁllngonox}:fr?uﬁsml‘s B
. Ognevia longipennis Sphingono inlingensis
Prumna erctice B 4 iofap us’f.:j:mums
Frubstorferiola huayinensis % | Tnfapf;m'm annulata
Fruhstorferiola omei o 0. Gasa'ma;x:us mmjmrf:m _
Sinapodins hoshana 0, Locusta nugmﬁnrm migratoria
0.68| | Singpodisma guizhouensis || Oedaleus manjius
0.92 R Oedaleus infernalis
Tonkinacris sinensis Oedaleus decorus decorus
Fedopodisma isinlingensis Oedaleus decorus asiaticus
0.95|({r— Hieroglyphus anmulicornis 0.81 | 1dcrida cinerea %1
0.808 1~ Menglacris meculata ol -lj crida willemsei 1
Schistocerca gregaria gregaria \— Carsula.punnana ﬁ
Patanga japonica 0.89 dtlanticus.sinensi
Calliptamus italicus 0.98 (| Gampsocleis gratiosa
— Choroedocas '%'E’:ﬁ‘;%‘,f Gampsocieis sedakovii
1 - Atractomorpha sinensis Anabrus simplex
Mekongiella xizangensis i Deracantha onos
0.95 | I Mekongiana xiangchengensis ﬁ-ﬁ Conocephalus maculatus
Yunnanites coriacea ¥ | | Elimaea cheni
Sinotmethis amicus AR Ruspolia dubia
|\ Traulia minuta B | (— Loxoblemmus doenitzi
Traulia szetschiranensis i I —Er Teleogryllus infernalis
0.97 llXenooammops brachycerus ﬁ Teleagrylius emma
Xenccatantops humili 1 KNenorryllus marmoratus
0.99 Chorthippus chinensis Myrmecophilus manni
Gomphocerippus rufus Gryllotalpa orientalis
o Hafi
0.96|| ||Gomphocerus sibiricus tibetanus | g1 ff Grylfotalpa pluvialis
1| Gomphocerus licenti g — Troglophilus neglectus
0.96|| [|- Exchorthippus fusigeniculatus ﬁ [— Blattella germanica
U-G‘iu Leuconemacris litangensis Reticulitermes hageni
. Arcypiera coreana U‘“"““—"_U 05

B2 ETIMEEERNRSH

Fig.2 Phylogenetic tree based on Bayesian inference method
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— Troglophilus neglectus Prinnnae arctica
Myrmecophilus manni Il [ Ognevia longipennis
Gryllotalpa orientalis Eirnephilus langipennis PE
1 Gryliatalpa phrvialis Sinopodisma houshana g
80 [ Loxoblemmus doenitzi Tonkindacris sinensis o
9 Teleagiytlus infernais = Sinepodisma houshana
Teeogryflus emma Pedopadisma isinlingensis
KXenorrpllus marmaratus Fruhstorferiola huayinensis
r— Carsula yunnana G140 R Fruhstorferiofa omei
P"""’f‘”‘f "‘Thmlm - Menglacris maculata
Ceracris nigricomis nigricom Hieroglyphus annulicornis
L:E:mm “f"::" . Schistocerca.gregaria gregaria
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Fig.3 Phylogenetic tree based on maximum likelihood method using software RAXML
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Table 2 Shimodaira-Hasegawa test of four phylogenetic trees

B Tree BT B SR B ISR E 22 57 Shimodaira-Hasegawa £ 56
-InL Diff -In L SH test-Hasegawa test

D1 35744 Bayesian tree ( BI) 21 489. 612 36 34.281 18 0. 304

fii 94 Maximum parsimony tree ( MP) 21 504. 441 03 49. 109 85 0.204

ISR Maximum likelihood tree ( ML) 21 568.391 92 113. 060 74 0. 009

P LR Fast Maximum likelihood tree (RAx ML) 21 455.331 18 A best
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