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Phylogenetic analysis of click beetles (Coleoptera: Elateridae) based
on internal transcribed spacer-2 sequences
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Abstract [Objectives] To conduct phylogenetic analysis of the ITS-2 fragment of some click beetle (Elateridae) species to
determine the genetic relationship among subfamilies, validate the traditional taxonomy, and verify whether the ITS-2
fragment is useful for molecular phylogenetic research on the Elateridae. [Methods] Phylogenetic analysis of the ITS-2
fragment of 69 species of 10 Elateridae subfamilies was conducted. Phylogenetic signal detection was carried out to calculate
the genetic distance between subfamilies, and phylogenetic trees were constructed using the adjacency, likelihood, and
parsimony, methods. [Results] Trees constructed by all three methods were basically the same, subfamilies were all clearly
clustered, and the genetic distances between subfamilies were in accordance with the traditional taxonomy. However, the

results also support modifications of the traditional taxonomy, specifically merging the Oxynopterinae and Pityobiinae with the
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Denticollinae, the Agrypninae and Conoderinae with the Pyrophorinae, and the Melanotinae with the Elaterinae. [Conclusion]

The results show that the ITS-2 fragment is suitable for low-level classification of the Elaterinae and the phylogenetic

relationships among subfamilies accords with the traditional taxonomy. However, the clustering results differ from the

traditional taxonomy and provide a basis for revising the taxonomy of this group.
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MEGA 5.05 PAUP* 4betal0 1 000
Close-neighbor-interchange CNI
Neighbor-Joining method NJ MP
Maximum Likelihood method ML Min-mini heuristic
Maximum Parsimony method MP  NJ 1 000
2 HR5SH
1 000 ML
21 1TS2 EERFIAMSH
modeltest
3.7 56 BIC Bayesian 10 3769

information criterion =~ AICc Akaike information ITS-2 11
criterion corrected Maximum Likelihood ITS-2 ITS-2 80
BIC 1
ITS-2 404 bp
R1 ITS2 FRY AR GenBank HIFFI%H S
Tablel List of taxa based on 28S rDNA and accession numbersin GenBank
GenBank
Taxa Accession No. Collection location

Oxynopterinae

Ceropectus messi (Candéze, 1874) KC311769 Mt. Tianmu, Zhenbu, Zhenjiang

Campsosternus auratus (Drury, 1773) KC311766 Mt. Wutong, Shenzhen, Guangdong,

Campsosternus auratus (Drury, 1773) KC311767 Mt. Nanling , Guangdong

Campsosternus fruhstorferi Schwarz KC311768 Guangxi, Jinxiu, Tongmu Town
Agrypninae

Agrypnus musculus (Candeze, 1857) MF180137 Sichuan, Leshan, Mabian

Agrypnus kawamurae (Miwa, 1929) MF180136 Hainan, Mt. Wuzhi

Agrypnus bipapulatus (Candéze, 1865) MF180135 Guangxi, Lingui, Huangsha Town
Pyrophorinae

Lacon rotundicollis Kishii et Jiang MF180154 Guangxi, Guilin, Lengshuitang Town

Lacon sp. MF180155 Yunnan, Nujiang, Luzhang Town

Tetralobus perroti Fleutiaux MF180187 Guangdong, Mt. Nanling

Alaus scul ptus Westwood MF180138 Guangdong, Mt. Nanling

Adelocera tumens (Candeze, 1873) MF180130 Guangxi, Mt. Mao’er

Adelocera sp. MF180129 Guangdong, Mt.Wutong

Cryptalaus larvatus (Candeze, 1874) MF180148 Guangxi, Mt. Shiwan

Cryptalaus larvatus (Candéze, 1874) MF180149 Hubei, Luotian, Shengrentang Town

Cryptalaus berus (Candéze, 1865) MF180147 Guangxi, Jinxiu, Tongmu Town

Cryptalaus sordidus (Westwood, 1848) MF180150 Zhenjiang, Zhenbu, Mt. Tianmu
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43k 1 (Table 1 continued)

GenBank

Taxa Accession No. Collection location
Cryptalaus sordidus (Westwood, 1848) MF180151 Guangxi, Jinxiu, Mt. Hua
Tetrigus lewisi Candéze MF180188 Hubei, Guangshui
Tetrigus lewisi Candéze MF180189 Hubei, Shennongjia

Conoderinae
Aeoloderma brachmana (Candéze, 1859) MF180131 Hubei, Shennongjia
Pityobiinae
Pectocera fortunei Candéze KC311771 Guizhou, Guiyang, Mt. Qianling
Denticollinae
Athousius wudanganus Kishii et Jiang KC311772 Hubei, Shennongjia
Penia sp. KC3t77s Sichuan, Ya’an, Baoxing, Fengtongzhai Town
Hemicrepidius sp. KC311774 Guangxi, Mt. Shiwan
Selatosomus aeneomicans (Fairmaire, 1889) KC311777 ) .
Sichuan, Ya’an, Baoxing, Longdong Town
Selatosomus gravidus (Germar, 1843) KC311778 Guangdong, Mt.Wutong
Selatosomus gravidus (Germar, 1843) KC311779 Guangxi, Mt. Mao’er
Hemicrepidius guizhouensis Kishii et Jiang KC311773 Guangxi, Mt. Mao’er
Senodonia sculpticollis (Fairmaire, 1888) KC311780 Guangxi, Guilin, Huajiang Town
Senodonia sp. KC311781 Yunnan, Lijiang, Mt. Wenbi
Pristilophus sp. KC311776 Guangdong, Shenzhen, Mt. Wutong
Elaterinae

Ampedini nigrinus (Herbst, 1784) MF180139 Sichuan, Ebian, Mt. Heizhugou
Megapenthes hummeli Fleutiaux MF180156 Hubei, Shennongjia
Megapenthes insignitus Lewis MF180157 Guangxi, Mt. Mao’er
Gamepenthes versipellis (Lewis, 1894) MF180152 Guangxi, Lingui, Huangsha Town
Procraerus sp. MF180179 Guangdong, Mt.Wutong
Procraerus ligatus (Candéze, 1878) MF180178 Guangxi, Mt. Shiwan
Xanthopenthes granulipennis (Miwa, 1929) MF180190 Guizhou, Mt. Fanjing, Panxi Town
Xanthopenthes granulipennis (Miwa, 1929) MF180191 Hubei, Wuhan, Mt. Shizi
Glyphonyx longipennis Ohira MF180153 Sichuan, Ya'an, Baoxing, Qiaogi Town
Slesis modestus Candéze MF180184 Yunnan, Dali, Mt. Cangshan
Slesis rufipes Candéze MF180186 Guangxi, Jinxiu, Mt. Laoshan
Silesis absimilis Candéze MF180182 Sichuan, Ya ~ an, Baoxing, Fengtongzhai Town
Silesis duporti Fleutiaux MEFT80183 Sichuan, Ya ~ an, Baoxing, Fengtongzhai Town
Silesis okinawensis Miwa MF180185 Guangxi, Mt. Mao’er
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453k 1 (Table 1 continued)

GenBank
Taxa Accession No. Collection location
Parasilesis sauteri (Miwa, 1930) MF180172 Sichuan, Ya * an, Baoxing, Fengtongzhai Town
Agriotes subvittatus Motschulsky MF180132 Yunan, Dali, Mt. Weibao
Agriotes toukinesis (Fleutiaux, 1894) MF180133 Guangxi, Shangsi, Mt. Laoshan
Agriotes toukinesis (Fleutiaux, 1894) MF180134 Yunan, Nujiang, Fenshuiling Town
Chiagosnius vittiger (Heyden, 1887) MF180147 Yunnan, Lijiang, Mt. Wenbi
Chiagosnius obscuripes (Gyllenhal, 1817) MF180146 Guangxi, Guilin, Gaozhai Town
Aphanobius alaomor phus Candéze MF180140 Sichuan, Ya’an, Baoxing, Qiaogi Town
Aphanobius alaomor phus Candéze MF180141 Sichuan, Ya'an, Baoxing, Longdong Town
Melanotinae
Melanotus arctus Candéze MF180158 Guangdong, Mt.Wutong
Melanotus cribricollis (Faldermann, 1835) MF180159 Guangdong, Mt.Wutong
Melanotus frequens (Miwa, 1930) MF180160 Guangxi, Mt. Mao’er
Melanotus hourai Kishii MF180161 Guizhou, Mt. Fanjing, Panxi Town
Melanotus lameyi Fleutiaux MF180162 Guangxi, Jinxiu, Tongmu Town
Melanotus lameyi Fleutiaux MF180163 Guangdong, Mt.Wutong
Melanotus nuceus Candeze MF180165 Sichuan, Ya’an, Baoxing, Qiaogi Town
Melanotus propexus (Candéze, 1860) MF180166 Guangdong, Mt.Wutong
Melanotus splendidus Platia et Schimmel MF180168 Hubei, Shennongjia
Melanotus tamsuyensis Bates MF180169 Zhenjiang, Zhenbu, Mt. Tianmu
Melanotus venalis Candéze MF180170 Hubei, Shennongjia
Melanotus sp. MF180167 Guangdong, Mt.Wutong
Melanotus melli Platia et Schimmel MF180164 Guangdong, Zhaoqing, Mt. Heishiding
Priopus angulatus (Candéze, 1860) MF180177 Guangdong, Mt.Wutong
Negastriinae
Quasimus sp. MF180181 Yunnan, Dali, Mt. Cangshan
Quasimus shaxianensis Jiang MF180180 Yunnan, Lijiang, Mt. Wenbi
Cardiophorinae
Caridiophorus sonani Miwa MF180142 . . L
Sichuan, Ya’an, Baoxing, Qiaoqi Town
Cardiotarsus humeralis Miwa MF180143 Hubei, Shennongjia
Cardiotarsus humeralis Miwa MF180144 Guangxi, Shangsi, Mt. Laoshan
Paracardiophorus sp. MF180171 Guangxi, Jinxiu, Mt. Huawang
Platynychus nothus (Candéze, 1865) MF180175 Guangxi, Jinxiu, Tongmu Town
Platynychus nothus (Candéze, 1865) MF180176 Guangdong, Zhaoqing, Mt. Heishiding
Phorocardius comptus (Ohira, 1978) MF180173 Yunnan, Dali, Mt. Cangshan

Phorocardius unguicularis (Fleutiaux, 1931) MF180174 Guangxi, Guilin, Mt. Hua
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Fig. 2 Phylogenetic trees construted through Neighbor-Joining method, Maximum Likelihood method and M aximum
Parsimony method based on 1 TS-2 sequences of Oxynopterinae, Pityobiinae, Hypnoidinae and Denticollinae
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Fig. 4 Phylogenetic trees construted through Neighbor-Joining method, Maximum Likelihood method and
Maximum Parsimony method based on I TS-2 sequences of Elaterinae and M elanotinae
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Fig. 5 Phylogenetic trees construted through Neighbor-Joining method, Maximum Likelihood method and
Maximum Parsimony method based on I TS-2 sequences of Negastriinae and Cardiophorinae
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