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Phylogeny of the Chinese Cantatopidae
( Orthopter: Acridoidea) Inferred from
Mitochondrial DNA Sequences
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Abstract; DNA sequence comparisons of the mitochondrial COI, COII, and Cytb genes were used to in-
fer phylogenetic relationships of partial genera and species of Cantatopidae, including 7 new species
(Apalacris eminifronta, Caryanda pseudodentata, Caryanda bannaensis, Caryanda ruiliensis, Longchua-
nacris fui, Longchuanacris xiaoheishanensis, Podismodes dabieshanensis). Phylogenetic trees were con-
structed using maximum likelihood and Bayesian inference. The combined results suggest several phyloge-
netic relationships including; (1) Longchuanacris is placed within the subfamily Caryandinae; @ Sinopo-
disma and Yunnanacris are both synonyms of Podismodes; 3) Yupodisma is still a separate genus within
Podisminae instead of a synonym of Anapodisma; 4) the molecular phylogeny of 7 new species is consis-
tant with previous morphological phylogeny. This finding suggests a combination of molecular and mor-
phological approaches are necessary for accurate species ideniification.
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Catantopidae is the largest family of Acridoidea
with world-wide distribution. The group includes ca.
4 000 known species in more than 760 genera, which
are mostly distributed in the tropics and subtropics.
China is the species rich Catantopidae country with ca.
430 in more than 100 genera and endemism is very
high. Many are Oriental species, with only a few spe-
cies occurring in Palearctic region. Many species of
Catantopidae are pest of agriculture, husbandry and
forestry. The harmful species usually belong to the best
studied insects in China. Thus, a reliable and accessi-
ble classification of these species is fundamental to re-
search in pest control, ecology, evolutionary biology
and biodiversity. Meanwhile, the systematic researches
on Catantopidae are also very important. To date,
there is no consensus system of Catantopidae in China.
Some subfamilies, genera and species are still conten-
tious.

Longchuanacets was traditionally considered a ge-

1 Niu® removed

nus within the subfamily Oxyinae
Longchuanaceis to Caryandinae by morphological char-
acters. On the basis of his results Sinopodisma Chang
and Yunnanacris Chang are both synonymized with Po-
dismodes Ramme. He also support that Yupodisma
Zhang et Xia is synonymized with Anapodisma Dovnar-
Zapolskii' . In his dissertation, one genus, one sub-
genus and forty-two species in Cantatopidae, all from
China, are new to science. Species groups are pro-
posed in genera: Oxya Serville, Caryanda Stal, Long-
chuanacris Zheng et Fu, Podismodes Ramme, Traulia
Stalt!.

Systematic research on Cantatopidae by morpholo-
gy alone can not resolve these contentions completely.
Recent studies have demonstrated a great potential for
DNA sequence analysis in species identification, phy-

logeny, and gene flow!*™®

Sequences of the mito-
chondrial genes cytochrome oxidase subunit I ( COI) ,
cytochrome oxidase subunit II ( COIIl ), and cyto-
chrome b (Cytb) have been extensively applied in rap-
id species identification, phylogenetic reconsiructions

[7-190 " In this study, our objectives

for a variety of taxa
were to: (D obtain nucleotide sequences of the COI,
COII, and Cytb mitochondrial genes from Cantatopidae
species as a basis for further species identification and

phylogenetic analyses, (@ conduct phylogenetic analy-

ses using these nucleotide sequences (alone and in
combination) , (3examine the species and genera sta-
tus by molecular phylogeny, and @compare molecular
findings with morphological assessments of the conten-

tious genera and 7 new species.

1 Materials and Methods

1.1 Taxon samples, DNA exiraction, and Gen-
Bank sequences

All Cantatopidae samples, including one outgroup
species (Atractomorpha sinensis I. Bol. ) were collect-
ed at 17 sites in six provinces of China with majority
from Yunnan Province, and were preserved in 100%
ethanol prior to DNA extraction. Total genomic DNA
was extracted from single specimens using a standard
phenol-chloroform extraction with slight modifications.
Extracted genomic DNA was stored at —20 °C until it
was used as polymerase chain reaction (PCR) tem-
plate. Published sequences from 33 species, including
the other two outgroup species ( Filchnerella sunanensis
and Haplotropis brunneriana) obtained from GenBank
were also included in our phylogenetic analyses besides
the COI sequence of Oxya hyla intricata ( Accession
NO. AF385191). All samples information from this
study and GenBank are not present in this paper, but
available on requiest.

1.2 PCR and sequencing

Fragments of the mitochondrial genes COI, Cyth,
and the complete sequence of COII gene were amplified
by PCR, using established primer pairs'" ') and reac-
tion conditions.

PCR products were purified with DNA Gel purifi-
cation kit (U-Gene). Direct sequencing of PCR prod-
ucts was performed by the ABI PRISM™ 3100-Avant
Genetic Analyzer.

1.3 Sequence alignmenis and phylogenetic
inferences

Sequences were irimmed by removing ambiguously
resolved parts of the 3’ and 5’ ends and edited using
the Contiglsoftware package (Cexpress. exe). DNA
sequences were aligned using the program Clustal X
with default values.

Uncorrected p-distances were calculated with
MEGA 4. 0. Gaps and missing data were excluded from

each pairwise calculation. A maximum likelihood'"
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was carried out in PAUP # 4.0b10"") using GTR + 1
+ G model with parameter values as estimated by Mod-
eltest 3. 71"°). PAUP searches consisted of TBR heuris-
The three data seis, COI, COIl and

Cytb, were analyzed separately and in combination of

tic searches.

COI and Cytb. The robusiness of the irees was tested
using the bootstrap method. All bootstrap values are
based on 100 replicates for COI and Cytb, 200 for
combination of COI and Cytb, and 500 for COIL.
Bayesian analyses were also conducted with Mr-
Bayes V3.1.2"% | using a GTR + I + G model. We

used the default priors starting with random trees, and

3

ran four Markov chains for 150 000 generations, sam-
pled at intervals of 10 generations. To determine the
point at which the Markov chains reached stationarity,
the log-likelihood scores were plotted against generation
time, to determine when the log-likelihood values sta-
bilize. After burn-in samples were discarded, trees
were combined in a single majority consensus topology,
and the percentage of the nodes were taken as a posteri-

ori probabilities'!’.

2 Results

2.1 Nucleoctide analyses

The PCR producis of COI, COI, and Cytb are
approx. 708, 684 and 763 bp, respectively for the
Cantatopidae species examined. For the COI gene, the
multiple sequence alignment ( excluding outgroup) has
648 characters, of which 364 are constant, 279 varia-
ble, and 220 are parsimony-informative. For COII,
multiple sequence alignments ( excluding the outgroup
but including sequences obtained from GenBank) had
585 characters, of which 257 are constant, 328 varia-
ble, and-293 are parsimony-informative. For Cytb,
there are 711 characters excluding the outgroup but in-
cluding GenBank sequences, of which 377 are con-
stant, 332 variable, and 283 are parsimony-informa-
tive.

Average nucleotide composition among Cantatopi-
dae species ( excluding the outgroup but including
GenBank sequences ) is as follows: COI [ 31.6%
(A), 34.2% (T), 15.9% (G), and 18.3%
(C)]; COMI [37.1% (A), 32.3% (T), 13.7%
(G), and 16.9% (C)]; and Cytb [39.3% (A),
34.0% (T), 11.5% (G), and 15.2% (C) ].

2.2 Uncorrected “p” distance analyses

The sequence divergence between Longchuanacris
Jui Niu et Zheng and Longchuanacris xiaoheishanensis
Niu et Zheng, based on uncorrected “p” distance, was
0. 027 across the COI fragment, and 0. 021 across the
Cytb fragment. Within Caryanda, mean COI and Cyth
divergences were 0. 032 and 0. 030, respectively. The
pairwise sequence divergence among Caryanda four
species was 0.014 ( Caryanda pseudodentata Niu ei
Zheng and Caryanda bannaensis Niu et Zheng) in
COI, 0.006 in Cytb, 0.006 ( Caryanda ruiliensis Niu
and Caryanda quadrata Bi et Xia) in COI, 0.009 in
Cytb, 0.040 ( Caryanda pseudodentata Niu et Zheng
and Caryanda quadrata Bi et Xia) and 0.041
( Caryanda bannaensis and Caryanda quadrata Bi et
Xia) in Cyth. Mean pairwise divergence among three
genera was 0. 001 ( Pedopodisma and Podismodes ) for
COI, 0.002 for Cytb, and 0.003 ( Sinopodisma and
Podismodes) for Cytb. Furthermore, the divergence
values were also calculated for Podismodes dabies-
hanensis Niu et Zheng and Yunnanacris yunnaneus
Ramme in COI (uncorrected “p” distance = 0.056) ;
Apalacris varicornema Walker and Apalacris eminifronia
Niu et Zheng in the COII gene (0. 001).
2.3 Phylogenetic relationships inferred from

COl, COIll, and Cyib

Phylogenies derived using maximum likelihood
and Bayesian analyses were generally congruent, and
four typical trees are shown in the resulis (Fig. 1 -4).
Based on the COI gene sequence with Airactomorpha
sinensis as the outgroup, the Bayesian iree (not pres-
ent) showed an overall similar topology to the likeli-
hood tree (Fig. 1). Three major clades within the two
irees are apparent, the major differences being the po-
sition of Traulia two species ( Traulia szetschuanensis
and Traulia minuta ) and Catantopinae three species
( Catantops pinguis pinguis, Stenocataniops splendens
and Xenocatantops brachycerus), which formed sepa-
rate clades with likelihood. In the likelihood tree, one
clade includes Caryanda six species and Longchuanac-
ris two species with strong support. The second clade is
composed of two sub-clades. These two sub-clades in-
Podismodes dabies-

hanensis and Pedopodisma funiushane in one sister

clude Yunnanacris yunnaneus,

group, and Qinlingacris choui, Anapodisma miramae
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and Prumna three species in another. The third clade

consists of Epistaurus aberrans, Apalacris varicornema,

Ecphanthacris mirabilis and Apalacris eminifronta.

Choroedocus viol

ip
Pseudoxya diminuta

Yupodisma rufipennis

Meltripata chloronema

Atract pha sinensis

20— Epistaurus aberrans
199 Apalacris varicornis
Lephanthacris mirabilis

2
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30 Yunnanacris yunnanens
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76 Pedopodisma funiushana
Qinli

ris choui
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94— Xenocatantops brachycerus
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Caryanda elegans
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82 — Caryanda pseudodentata
Caryanda bannaensis

Fig. I Maximum likelihood tree of the COI gene for Chinese Catantopidae species. Numbers near nodes

represent bootstrap support (100 replicates )

For the COI gene with Filchnerella sunanensis as
the outgroup, the topology of the Bayesian iree
(Fig. 2) was generally identical to that of the likeli-
hood tree (not present) , therefore, only Bayesian tree
(Fi'g.Z) is shown in the results. Both analyses for
COIl  support phylogenetic relationships including :
(D Coptacrinae species formed a well supported mono-
phyletic group ( posterior probability 89% ) with the
exception of four species, which formed a separate

Clade; Cyrtacanthacrinae was found sister to Cal-

liptaminae, and both sister to Eyprepocnemidinae;

(® Catantopinae four species also formed a monophylet-
ic group, and have a close relationship to Cyrtacantha-
crinae, Calliptaminae and Eyprepocnemid-inae. These
four subfamilies constituted a distinct clade; Spa-
thosterninae one species, Oxyinae two species and
Caryandinae one species grouped together, and formed
another one clade; (8 the same truth for Melanoplinae
three species and Podisminae two species with highly
support with posterior probabilities 100% . Our results
support the relationships within the genus level, in agree-

ment with the traditional view of morphological studies.

Filchnerella sunanensis
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Fig.2 Bayesian tree of the COII gene for Chinese Catantopidae species. Numbers near nodes represent Bayesian

posterior probabilities
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For the Cytb gene with Haplotropis brunneriana as
the outgroup, the Bayesian tree ( Fig. 3) showed es-
sential congruence with the likelihood tree ( available
on request ). There are iwo distinct clades in both
trees. One clade includes Caryanda six species, Long-
chuanacris two species and Oxyinae three species with
well support. Within this clade, Caryanda six species
and Longchuanacris two species grouped together, and

paraphyletic with respect to Oxyinae three species. The

other clade mainly comprised Podisminae nine species
and Melanoplinae three species plus Spathosternum
prasiniferum and Qinlingacris choui. In both trees,
Coptacrinae was never recovered as monophyly with
Traulia always in uncertain position. The remaining
taxa plus Traulia either composed a separate Clade in a
comb-like arrangement (Fig. 3) or split direct from the
backbone of the tree in a comb-like arrangement as

well.
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Fig.3  Bayesian tree of the Cytb gene for Chinese Catantopidae species. Numbers near nodes represent Bayesian posterior probabilities

The combined nucleotide matrix of the COI and
Cytb genes generates the two trees topology ( only
Bayesian tree is present, Fig. 4) similar to that ob-
tained using Cytb DNA sequences. Two clades are sug-
gested: one clade includes Caryanda six species,
Longchuanacris two species and Oxyinae three species
with well support, while the other is composed totally
of Podisminae seven species except Qinlingacris choui,
with Yupodisma rufipennis at the basal position. Both
trees show that Qinlingacris choui grouped with Prumna
two species, formed one sub-clade and Pedopodisma
Jfuniushana nested in Podismodes, constituted another,
that Caryanda six species and Longchuanacris two spe-

cies consistenily grouped together.

3  Discussion

Sinopodisma and Yunnanacris are both considered

synonyms of Podismodes'> . The result of our investiga-
tion of Cyib gene sequence further supports such a
classification, and additionally suggests Pedopodisma is
also a possible synonym of Podismodes with Bayesian.
However, synonymizing these two genera would be pre-
mature because of insufficient taxon and character sam-
pling. Pedopodisma has been previously considered a

073 but according to Niu'*

synonyms of Sinopodisma
Pedopodisma was still a separate valid genus with re-
markable differences from Sinopodisma in forewing.
Therefore, further investigations will be needed for ad-
dressing their relationship. The relationships inferred
from Cytb Bayesian tree are ( ( ( ( Pedopodisma funius-
hana + P. tsinlingensis) ( ( Sinopodisma houshana -+
S. gqinlingensis) + Podismodes dabieshanensis)) +

S. guizhouensis) + Yunnanacris yunnaneus).
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Atractomorpha sinensis
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Oxya hyla intricata
Caryanda quaduata
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100

Caryanda ruiliensis
Longchuanacris xiaoheishanensis
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Longchuanacris fui
Caryanda pseudodentata
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Caryanda bannaensis
Caryanda yunnana

Caryanda elegans

Pseudoxya diminuta
Oxya chinensis

Podismodes dabieshanensis
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Sinopodisma houoshana

99

84

Yunnanacris yunnaneus
Prumna arctica
Prumna mandshurica
Qinglingacris choui

Yupodisma rufipennis

Fig. 4 Bayesian tree of the combination of COI and Cytb gene for Chinese Catantopidae species.

Numbers near nodes represent Bayesian posterior probabilities

Sinopodisma houshana Huang and Podismodes da-
bieshanensis are two very similar morphospecies, diffe-
ring only in the top of subgenital plate and furcula'!.
These two similar species are also identified by molecu-
lar data here (one individual Cyth gene sequence, and
the combined COI and Cytb gene sequences) and DNA
barcodes'™ | which as species identifiers has been
successfully implemented in the identification of previ-
ously described species, and discovery of new and
cryptic Species[s’8 o192

Traditionally the Longchuanacris was considered a
genus within the subfamily Oxyinae!'!| but it was re-
cently redefined by Niu'® | who removed it from the
Oxyinae and placed it in the subfamily Caryandinae.
This revision is well supported by phylogenies recon-
structed from Cytb gene sequence. Further, Longchua-
nacris also has shown close relationship with Caryanda
in the individual genes analyses (COI and Cytb), and
the combined analyses.

Caryanda was divided into two subgenera and fur-
ther 14 species groups by Niu'* | who revised the ge-
nus and provided a phylogenetic analysis based on mor-
phology. On the basis of his results, C. ruiliensis ( de-
hongensis-species group ), C. quadrata ( quadrata-
species group), C. pseudodeniata and C. bannaensis
(dentate-species group ) in our examined belong to
subgenus Yuncaryanda, and C. yunnana ( yunnana-
species group) and C. neoelegans ( neoelegans-species

group ) subordinate within subgenus Caryanda. The

species groups and subgenera of Caryanda defined by
Niu'?! are in general well supported by our analyses
(see Fig. 1). Both show the relationship are ( ( (C.
ruiliensis + C. quadrata) + (C. pseudodeniata +
C. bannaensis) + C. yunnana) + C. neoelegans) .

Storozhenko* considered Yupodisma Zhang et Xia
was a synonym of Anapodisma Dovnar-Zapolskii, and
remove Yupodisma rufipennis to the genus Anapodisma ,
which supported by Niu'*', but contrary to our result.
From the uncorrected “p” distance in COT and Phylog-
eny inferred from COI gene sequence, we propose that
Yupodisma is still a separate genus within Podisminae.

Our results also reveal Ecphanthacris is close re-
lated to Apalacris, in agreement with Lu'®'. The mo-
lecular phylogeny of seven new species was consistant
with recent morphological phylogeny by Niu''.

In summary, our analyses show that the relation-
ships of lower hierarchical levels are well resolved , and
the three mtDNA genes are less useful for resolving
deeper nodes, in agreement with general findings in in-

[23-24]

secis . So additional markers, especially nuclear

markers which proved pivotal to solve the problem of

2=271 " will be required for establis-

the deeper nodes
hing deeper phylogenetic relationships of Cantatopidae.
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