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Abstract [Objectives] Analysis of mitochondrial genome is an important way to reveal the phylogenic relationship in
insects. The aim of this study was to determinate the mitochondrial genome of Thyestilla gebleri and comparatively analyze
the characteristics of mitochondrial genome in Cerambycidae. We also investigated the phylogenetic position of T. gebleri and

the phylogenetic relationship among species in Cerambycidae based on mitochondrial genomes. [Methods] The mitochondrial
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genome of T. gebleri was determined using primer walking method. The annotation of mitochondrial genes of T. gebleri were
based on the GenBank data of mitochondrial genome in Cerambycidae. The secondary structure of transport RNA (tRNA) was
predicted by online tRNAscan-SE Search Server. After re-annotating the mitochondrial genome of 16 species available in
GenBank, we conducted comparative analysis of the mitochondrial genomic features for Cerambycidae. A phylogenetic tree
for 17 species in Cerambycidae was constructed by Maximum Likelihood method based on the nucleotide sequences of 11
protein-coding genes. [Results] The total length of mitochondrial genome of T. gebleri was 15 505 bp with an A+T content
of 74.07%. It contained 13 protein coding genes (PCGs), 2 ribosomal RNA (rRNA) genes, 22 tRNA genes and A 872 bp-long
control region, and no gene rearrangement was found. The results revealed the translocation of trn P (one of a tRNA gene) in
Vesperus conicicollis. The secondary structure of tRNA genes had the typical clover structure except the absent of “D” arm in
trnS1(AGN). The start codon of protein-coding genes were typical ATN (ATA, ATT, ATC, ATG) except that several special
start codon (TTG, AAC, AAT, GTQG) existed in Nadl, COI, ATP8 in some species. The termination codon of all the protein
coding genes was common TAR (TAA, TAG), T or TA. In the phylogenetic analysis, 6 subfamilies were clustered into
separate branches, and T. gebleri was clustered together with Batocera lineolata. [Conclusion] T. gebleri has similar
mitochondrial genome to those previously reported longicorn beetles. Except that several tRNA genes are rearranged, the
mitochondrial genes in Cerambycidae are relatively stable. Phylogenetic reconstruction supported the monophyly of the six
subfamilies and presented that T. gebleri was genetically close to B. lineolata in this study.
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Simon 2006 SeqMan Swindell and Plasterer 1997
Primer Premier
5.0 5 MITOS Web Server
4 http://mitos.bioinf.uni-leipzig.de/
1 TaKaRa LA index.py Chormas pro 2013
Taq PCR 20 puL GenBank
0.8 uL 1 uL dNTP MEGA 5.0
10xbuffer 2puL LATag 0.2puL 11 pL Tamura et al. 2011
PCR 94°C 5min 94°C 13 PCGs
F1 MEERFLANALERFLHE PCRY S
Tablel PCR primersfor Thyestilla gebleri complete mitochondrial genome
Primer name 5'-3" Sequence 5'-3’ Target region
Cer-TI-F34 GCCTGAKHAAAGGRTRATTTGATA
Cer-C1-N2353 GCTCGRGTATCWACATCTATWCC Nad2-COl
TG-C1-F1455 GAGCAGGAATAGTAGGAAC
TG-TK-N3727 TTAGAAGTAGGCGTGAGA COI-COll
TG-C1-F2877 CCCCTGCTGAACATAG
TG-A6-N4508 GATGGTCCAGTATTCCC COI-ATP6
Cer-TK-F3790 CATTAGRAGRCTGAAAGYAAGYA
Cer-TF-N6375 AGAGYDTRATATTGAAGATATYARGG ATP8-Nad3
Cer-TN-F6172 AGMGGTWTRTYACTGTTAATGA
Cer-N4-N9153 TGRGGNTATCARCCNGARCG Nad5-Nad4
TG-N4-F8648 CAATAAACGCATAAGTCC
TG-N4L-N9429 GTTTGTGAGGGGTCGT Nad4
Cer-N4-F9172 CGYTCNGGYTGATANCCYCA
Cer-LR-N13000 TTACCTYAGGGATAACAGCGTAA Nad4-rrnL
Cer-CB-F11335 CAYATYCARCCHGAATGATA
Cer-SR-N14220 AWATGYACATATCGCCCGTC Cob-rrnS
TG-RL-F12912 ATAGGGTCTTCTCGTCTTTT
TG-N2-N228 GTTCCTCTGATTATCGTTGTA rrnS-Nad2
TG

The primers starting with TG are specific primers of T. gebleri.
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22 RNA tRNA 2 RNA 14 RGLTRME
rRNA A+T D-Loop
tRNAscan-SE Search Server  http://
lowelab.ucsc.edu/tRNAscan-SE/ tRNA 3 GenBank
16 1
GenBank Lamiinae
GenBank sp. 7
GenBank 16 COl / Nad2 17
MEGA 5.0 11
11 MEGA 5.0
A+T 8531 bp
tRNA MEGA 5.0 Bootstrap
Replications 1 000
2 Guindon etal. 2003
*2 BATRGLABEIMNYMHER
Table2 Information of speciesused for phylogenetic analysis
Subfamily Species Accession No. References
Lamiinae Thyestilla gebleri KY292221
Batocera lineolata NC022671 Wang et al., 2012
Psacothea hilaris NC013070 Kim et al., 2009
Monochamus alter natus NC024652 Lietal. 2016a
Anoplophora chinensis NC029230 Lietal., 2016b
Anoplophora glabripennis NC008221 Fang et al., 2016
*Lamiinae sp. JX412741 Timmermans et al., 2016
Cerambycinae Xylotrechus grayii NC030782 Guo et al., 2016
Obrium sp. KT945156 Song et al., 2015
Aeolesthes oenochrous NC025243 Chiu etal., 2016
Massicus radei NC023937 Wang et al., 2014
*Closteromerus claviger HQ232804 Timmermans et al., 2010
Lepturinae *SJenurella nigra JX220998 Timmermans et al., 2016
* Rhagium mordax IX412743 Timmermans et al., 2016
Disteniinae *Disteniazteca fimbriata JX221000 Timmermans €t al., 2016
Necydalidinae *Necydalis ulmi JX220989 Timmermans et al., 2016
Vesperinae * Vesperus conicicollis JX220996 Timmermans et al., 2016
Alticinae Agasicles hygrophila KR494279
Galerucinae  Diabrotica barberi NC022935
Galeruca daurica NC027114

*

4

Species with a * before means its mitochondrial genome incomplete in GenBank. The same as Table 4.
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Table3 Organization of the Thyestilla gebleri mitochondrial genome
Codon
Gene Chain Location Length Anti codon Stamt Stop 1GS

trnl F 1-64 64 GAT 0
trnQ N 62-130 69 TTG -3
trnM F 130-198 69 CAT -1
Nad2 F 199-1206 1 008 ATC TAA 0
trnwW F 1205-1270 66 TCA -2
trnC N 1263-1325 63 GCA -8
trny N 1326-1389 64 GTA 0
COl F 1382-2924 1543 ATT T -8
trnL2(UUR) F 2925-2989 65 TAA 0
COll F 2990-3677 688 ATT T 0
trnK F 3678-3747 70 TTT 0
trnD F 3752-3817 66 GTC 4
ATP8 F 3818-3973 156 ATT TAA 0
ATP6 F 3967-4641 675 ATG TAA -7
COlll F 4641-5429 789 ATG TAA -1
trnG F 5432-5500 69 TCC 2
Nad3 F 5501-5852 352 ATT T 0
trnA F 5853-5917 65 TGC 0
trnR F 5918-5979 62 TCG 0
trnN F 5979-6042 64 GTT -1
trnS1(AGN) F 6043-6109 67 TCT 0
trnE F 6110-6172 63 TTC 0
trnF N 6172-6236 65 GAA -1
Nad5 N 6237-7953 1717 ATA T 0
trnH N 7951-8013 63 GTG -3




- 760 - Chinese Journal of Applied Entomology 54
4%  Table 3 continued
Codon
Gene Chain Location Length Anti codon S Ston 1GS
Nad4 N 8014-9340 1327 ATA T 0
Nad4L N 9337-9624 288 ATG TAA -4
trnT F 9627-9689 63 TGT 2
trnP N 9690-9755 66 TGG 0
Nad6 F 9758-10261 504 ATT TAA 2
Cob F 10261-11400 1140 ATG TAG -1
trnS2(UCN) F 11399-11466 68 TGA -2
Nadl N 11487-12437 951 TTG TAG 20
trnL1(CUN) N 12439-12501 63 TAG 1
renL N 12502-13780 1279 0
trnV N 13781-13851 71 TAC 0
rrnS N 13852-14633 782 0
D-loop F 14634-15505 872
11 138 bp 3716 A+T
A+T 31 72.62% A+T
6 Nadl TTG
Nadl trn2 20 12
13 42 ATN ATA ATT ATG
COl  trnY trnC  trnW TAR TAA TAG Nad3~
8 GeBank Nad5 COI COll T
10
4 Nadl-trnS2 ATP6-ATP8
COIl-trnY trnC-trnW 11 104~11 155 bp A+T
Nadl-trnS2 17~22 4 65.86%~77.70%
trnC-trnW  COI-trnY A+T 5
8 TAR
COl-trnY 17 T TA ATN
ATP6-ATP8 7 Nadl COlI  ATP8
Obrium sp. trnC-trnW Nadl TTG
1~9 COl
00 EHEBEE AAC  AAT Obrium sp.
ATP8 GTG
13
9 COIIl ATP6 ATP8 Nad2-3z 23 tRNASTRNAER
Nad6é Cob F 4 Nadl Nad4-5 22 tRNA
Nad4L N 13 14 F 8 N 62 bp
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Fig.1 The gene map for mitochondrial genome of Thyestilla gebleri
F N NADH
RNA RNA ATP

The circle diagram of Thyestilla gebleri mitogenome, the outer ring represents the F chain and the inner circle

represents the N chain. Among them, yellow: NADH dehydrogenase genes; blue: tRNA genes; red:
rRNA genes; green: ATP synthase; purple: Cytochrome gene.

trnR 71 bp trnV trnS1 AGN
trn&2 UCN trnL1 CUN 16S rRNA
trnL2 UUR 18 12S rRNA trnL1 CUN D-Loop
tRNAscan-SE Search trnv I6STRNA  1279bp A+T
Server 17 tRNA 76.78% 12S rRNA 782 bp A+T
trnSL  AGN tRNA 75.32% 16S rRNA  12S rRNA

trnS1  AGN D 8 1271~1 288 bp
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Table4 The characteristics of mitochondrial genomes and the ICGS of 17 speciesin Cerambycidae

) bp A+T % Intergenic nucleotides
Species
Length A+T content Nadl-trnS2  ATP6-ATP8 COI-trnY trnC-trnwW
T. gebleri 15 505 74.07 20 -7 -8 -8
B. lineolata 15418 79.02 20 -7 -8 -8
P. hilaris 15 856 76.63 17 -7 -8 -8
Mo. alternatus 15874 71.19 17 -7 -8 -8
An. chinensis 15 805 77.65 17 -7 -8 -8
An. glabripennis 15774 78.31 20 -7 -8 -8
X. grayii 15 540 75.29 18 -7 1 1
Obrium sp. 15 680 68.12 17 -7 -8 7
Ae. oenochrous 15747 74.48 22 -7 1 9
Ma. radei 15 858 71.78 20 -7 -8 -8
*Lamiinae sp. 9769 76.81 17 -7
*C. claviger 12 185 74.81 17 -7
*S nigra 10 617 77.52 22 -7
*R. mordax 10 676 77.90 18 -7
*D. fimbriata 9776 74.91 17 -7
*N. ulmi 10 656 77.29 17 -7
*V. conicicollis 10 682 74.83 19 -7
5 10 MR LA EE A& XIGHFFIHHE
Table5 Theregional characteristics of 10 Cerambycidae mitogenomes
PCGs 16S RNArrnL 128 RNA rrnS A+T D-loop
Species . AT . AT . AT . AT
Size A+T (%) Size A+T (%) Size A+T (%) Size A+T (%)
T. gebleri 11138 72.62 1279 76.78 782 75.32 872 84.17
B. lineolata 11123 73.33 1283 75.06 812 77.46 735 85.71
P. hilaris 11 155 75.84 1272 80.11 808 78.34 1190 78.40
Mo. alternatus 11 144 77.70 1271 82.14 781 80.03 1249 86.47
An. chinensis 11 135 76.36 1274 81.16 778 78.23 1013 85.64
An.glabripennis 11104 77.00 1274 81.32 803 77.96 1115 87.98
X. grayii 11109 73.66 1271 79.62 806 76.18 893 85.89
Obrium sp. 11136 65.86 1288 73.21 779 70.86 1014 79.49
Ae. oenochrous 11 109 69.29 1287 75.91 801 72.78 1074 83.24
Ma. radei 11 147 69.83 1283 76.07 805 74.53 1178 81.49
778~812bp A+T 24 A+T BEEX
12S rRNA  77.46% 16S rRNA  75.06% A+T

16S TRNA  A+T D-Loop
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25 BRGEREBHM
17 GenBank 9
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2
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B
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Al 4 PCR
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Al L Batocera lineolata
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Fig.2 Maximum Likelihood phylogenetic tree based on the concatenated PCGs

Bootstrap 1 000

50%

The numbers represent the percentage of 1 000 bootstrap replications (only above 50% showed).



- 764 - Chinese Journal of Applied Entomology 54
Wolstenholme 1992 Liaoetal. 2010 Li
etal. 2011 Yangetal. 2011
17
tRNA
trnP 2003
trnP 6 6
Timmermans and Vogler 2012 [ +
ATP6~ATP8 7 + 4 "
+ ]
Xiaoetal. 2012 Zhaoetal. 2017
Hymenoptera
Weietal. 2010
ATN
Nadl ATP8 6
COl TTG GTG
AAT AAC TAR
T TA T TA 1
Boore 1999 Prioninae Philinae
Coates 2005 37 A Parandrinae Spondylidinae
TAA col Apatophyseinae
2014
COl
TTG ATA Chiuetal. 2016 Guoetal.
2016 Sheffield 2008
COl AAT AAC
AAT AAC
COl
trnY 1 BEYHEL (References)
Boore JL, 1999. Animal mitochondrial genomes. Nucleic Acids
AAC AAT COl Research, 27(8): 1767-1780.
Boore JL, 2006. The complete sequence of the mitochondrial
RNA trnSsi genome of Nautilus macromphalus (Mollusca: Cephalopoda).
AGN b (RNA ChijM\;;? O\ZITS\Z/(;,). i(:i:?\i]z, Yang MM, 2016. Complete
tnSL AGN D mitochondrial genome of Aeolesthes oenochrous (Fairmaire)
Lepidoptera (Coleoptera: Cerambycidae): an endangered and colorful longicorn
Diptera Hemiptera beetle. Mitochondrial DNA, 27(1): 686-687.



- 765 -

Coates BS, Sumerford DV, Hellmich RL, Lewis LC, 2005. Partial
mitochondrial genome sequences of Ostrinia nubilalis and
Ostrinia furnicalis. International Journal of Biological Sciences,
1(1): 13-18.

Dong KZ, Yang XK, 2003. Progress in classification of higher taxa

of the Cerambycidae. Entomological Knowledge, 40(3): 211-217.

[ ,
,40(3):211-217.]
Driscoll CC, Driscoll JG, Hazekamp C, Mitton JB, Wehausen JD,

, 2003.

2015. A tale of two markers: Population genetics of colorado
rocky mountain bighorn sheep estimated from microsatellite and
mitochondrial data. Journal of WIdlife Management, 79(5):
819-831.

Fang J, Qian L, Xu M, Yang XJ, Wang BD, An YL, 2016. The
complete nucleotide sequence of the mitochondrial genome of
the Asian longicorn beetle, Anoplophora glabripennis (Coleoptera:
Cerambycidae). Mitochondrial DNA, 27(5): 3299-3300.

Feng LC, Wang ZW, 2014. Survey on the main insect-pollinator
groups in Jilin city area. Journal of Shandong Agricultural
University, 45(4): 507-514. [ , , 2014.

, 45(4):
507-514.]

Feng P, Zhao HB, Lu X, 2015. Evolution of mitochondrial DNA and
its relation to basal metabolic rate. Mitochondrial DNA, 26(4):
566-571.

Guindon S, Gascuel O, 2003. A simple, fast, and accurate algorithm
to estimate large phylogenies by maximum likelihood. Molecular
Systems Biology, 52(5): 696-704.

Guo K, Chen J, Xu CQ, Qiao HL, Xu R, Zhao XJ, 2016. The
complete mitochondrial genome of the longicorn beetle
Xylotrechus grayii (Coleoptera: Cerambycidae). Mitochondrial
DNA, 27(3): 2133-2134.

Jiang SN, Hua LZ, Pu FJ, 1985. Economic Insect Fauna of China:
Coleoptera, Cerambycidae, Part 3. Beijing: Science Press. 1-205.
[ > s , 1985. : s

). : .1-205.]

Kim KG, Hong MY, Kim MJ, Im HH, Kim MI, Bae CH, Seo SJ, Lee
SH, Kim I, 2009. Complete mitochondrial genome sequence of
the yellow-spotted long-horned beetle Psacothea hilaris
(Coleoptera: Cerambycidae) and phylogenetic analysis among
coleopteran insects. Molecules and Cells, 27(4): 429-441.

Li FB, Zhang HX, Wang W, Weng HB, Meng ZQ, 2016. Complete
mitochondrial genome of the Japanese pine sawyer, Monochamus
alternatus (Coleoptera: Cerambycidae. Mitochondrial DNA, 27(2):
1144-1145.

Li H, Gao J, Liu H, Liu H, Liang A, Zhou X, Cai W, 2011. The
architecture and complete sequence of mitochondrial genome of
an assassin bug Agriosphodrus dohrni (Hemiptera: Reduviidae).
International Journal of Biological Sciences, 7(6): 792-804

Li W, Yang X, Qian L, An Y, Fang J, 2016b. The complete
mitochondrial genome of the citrus long-horned beetle,
Anoplophora chinensis (Coleoptera: Cerambycidae). Mitochondrial
DNA, 27(6): 4665-4667.

Li XJ, Yang J, Wang JH, Ren QL, Li X, Huang Y, 2013. Methods
and software tools for mitochondrial genome assembly and
annotation. Chinese Bulletin of Entomology, 50(1): 298-304. [

, 2013.

, 50(1): 298-304.]

Liao F, Wang L, Wu S, Li YP, Zhao L, Huang GM, Niu CJ, Liu YQ,

s > > s s

Li MG, 2010. The complete mitochondrial genome of the fall

webworm, Hyphantria cunea (Lepidoptera:  Arctiidae).
International Journal of Biological Science, 6(2): 172-186.

Liu SD, Yang YF, 1965. Preliminary observation and control
experiment of Thyestilla gebleri. Acta Agriculturae Boreali
Snica, 1(4):67-68. [ s , 1965.

, 1(4): 67-68.]

McPartland JM, Hillig KW, 2007. Longhorn beetles and
botryosphaeria: A future epidemic. Journal of Industrial Hemp,
12(2): 123-133.

Nelson LA, Lambkin CL, Batterham P, Wallman JF, Dowton M,
Whiting MF, Yeates DK, Cameron SL, 2012. Beyond barcoding:
A mitochondrial genomics approach to molecular phylogenetics
and diagnostics of blowflies (Diptera: Calliphoridae). Gene,
S511(2): 131-142.

Nie RE, Yang XK, 2014. Research progress in mitochondrial
genomes of Coleoptera. Acta Entomologica Snica, 57(7):
860-868. [ s , 2014.

, 57(7): 860-868.]

Sheffield NC, Song H, Cameron SL, Whiting MF, 2008. A
comparative analysis of mitochondrial genomes in Coleoptera
(Arthropoda: Insecta) and genome descriptions of six new
beetles. Molecular Biology and Evolution, 25 (11): 2499-2509.

Simon C, Buckley TR, Frati F, Stewart JB, Beckenbach AT, 2006.
Incorporating molecular evolution into phylogenetic analysis,
and a new compilation of conserved polymerase chain reaction
primers for animal mitochondrial DNA. Annual Review of
Ecology Evolution and Systematics, 37(1): 545-579.

Slipinski SA, Leschen RAB, Lawrence JF, 2011. Order Coleoptera
Linnaeus, 1758. Zootaxa, 3148: 203—-208.

Song N, Zhang H, Yin X, Lin A, Zhai Q, 2015. The complete



- 766 -

Chinese Journal of Applied Entomology 54

mitochondrial genome sequence from the longicorn beetle
Obrium sp. (Coleoptera: Cerambycidae). Mitochondrial DNA,
29(1): 1-2.

Song YQ, Chen L, 2008. An preliminary faunal analysis of Saperdini
in China (Coleoptera: Cerambycidae: Lamiinae). Southwest China
Journal of Agricultural Sciences, 21(2): 498-502. [ s

, 2008. (
). ,21(2): 498-502.]

Swindell SR, Plasterer TN, 1997. SEQMAN. Contig assembly.
Methods in Molecular Biology, 70(1): 75-89.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S,
2011. MEGAS: Molecular evolutionary genetics analysis using
maximum likelihood, evolutionary distance, and maximum
parsimony methods. Molecular Biology and Evolution, 28(10):
2731-3739.

Timmermans MJTN, Dodsworth S, Culverwell CL, Bocak L, Ahrens
D, Littlewood DTJ, Pons J, Vogler AP, 2010. Why barcode?
High-throughput multiplex sequencing of mitochondrial genomes
for molecular systematics. Nucletic Acids Research, 38(21): e197.

Timmermans MJTN, Vogler AP, 2012. Phylogenetically informative
rearrangements in mitochondrial genomes of Coleoptera, and
monophyly of aquatic elateriform beetles (Dryopoidea). Molecular
Phylogenetics and Evolution, 63(2): 229-304.

Timmermans MJTN, Viberg C, Martin G, Hopkins K, Vogler AP,
2016. Rapid assembly of taxonomically validated mitochondrial
genomes from historical insect collections. Biological Journal of
the Linnean Society, 117(1): 83-95.

Wang CY, Feng Y, Chen XM, 2012. Complete sequence and gene
organization of the mitochondrial genome of Batocera lineolata

Chevrolat (Coleoptera: Cerambycidae). Chinese Science Bulletin,

57(27): 3578-3585.

Wang YT, Liu YX, Tong XL, Ren QP, Jiang GF, 2014. The complete
mitochondrial genome of the longicorn beetle, Massicus raddei.
Mitochondrial DNA, 27(1): 209-211.

Wang ZC, Hua LZ, 2009. Collect and revision of name list on
longicorn beetles in China. Journal of Beihua University, 10(2):
159-192. [ s , 2009.

, 10(2):159-192.]

Wei SJ, Tang P, Zheng LH, Shi M, Chen XX, 2010. The complete
mitochondrial genome of Evania appendigaster (Hymenoptera:
Evaniidae) has low A+T content and a long intergenic spacer
between atp8 and atp6. Molecular Biology Reports, 37(4): 1931—
1942.

Wolstenholme DR, 1992. Animal mitochondrial DNA: structure and
evolution. International Review of Cytology, 141(1): 173-216.
Xiao B, Chen AH, Zhang YY, Jiang GF, Hu CC, Zhu CD, 2012.
Complete mitochondrial genomes of two cockroaches, Blattella
germanica and Periplaneta americana, and the phylogenetic

position of termites. Current Genetics, 58(2): 65-77.

Yang BS, 1959. Observation on the life habits of Thyestilla gebleri.

Chinese Bulletin of Entomology, 4(6): 187-189. [ , 1959.
> ,4(6): 187-189.]

Yang F, Du YZ, Wang LP, Cao JM, Yu WW, 2011. The complete
mitochondrial genome of the leaf miner Liriomyza sativae
(Diptera: Agromyzidae): Great difference in the A+T-rich region
compared to Liriomyza trifolii. Gene, 485(1): 7-15.

Zhao YY, Zhang HL, Zhang YH, 2017. Complete mitochondrial
genome of Neochauliodes parasparsus (Megaloptera: Corydalidae)
with phylogenetic consideration. Biochemical Systematics and

Ecology, 70: 192-199.



