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Myodochini is the biggest tribe which contains many genera but no mt-genome ( mitochondrial genome)
has been reported. The genus Eucosmetus is geographically restricted in the Oriental Region. Eucosmetus
incisus an important rice pest occurring widely in China makes a serious impact on rice yield. Therefore
the molecular phylogenetic research on E. incisus has a great significance. This study determined the gene
sequence of the coding region of E. incisus and analyzed its main characteristics of mt-genome. The results
were as follows: (1) The part of mt-genome that had been sequenced was 14 562 bp in length and
consists of a portion of the control region and 37 typical genes including 13 protein coding genes ( PCGs)
22 transfer RNA (tRNA) genes and 2 ribosomal RNA ( rRNA) genes. The gene arrangement was similar
to that of Drosophila yakuba and most insects of Pentatomomorpha. (2) In E. incisus tRNA-His which
lacks the TYC loop could not fold normally while the other 21 tRNAs could fold into a classical cloverleaf
structures. Domains IV and V of the 16S rRNA were more conserved than domains I Il and VI and
domain IIT of the 12S rRNA was more conserved than domains I and II. In Pentatomomorpha insects two
stable overlapping regions which located between ATP8 and ATP6 ND4 and NDAL were reverse
complementary sequences ( ATGATAA) . (3) The nucleotide composition and codon usage were
significantly biased toward A/T. The nucleotide skew statistics for the mt-genome of E. incisus revealed
that the J-strand PCGs except COI were AT-skewed and CGskewed COI was TA-skewed and CG-skewed
whereas the N-strand PCGs are GC-skewed and TA-skewed. The most prevalent codons were all composed
of A/T and the most codons were not strictly matched with tRNA anticodons. As the first representative
from the tribe Myodochini the mt-genome of E. incisus provided the basic data for future phylogenetic
study on insects of Myodochini. In addition to its analysis we also combined the known sequences of
Trichophora and carried out phylogenetic studies of Lygaeoidea Coreoidea and Pyrrhocoroidea.
Phylogenetic analysed well confirmed the monophyly of Lygaeoidea and provided strong support that
Coreoidea was the sister group to the Lygaeoidea.
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-20C Primer premier 5 ( Lalitha et al.
o 2000)
1.2 DNA ( o TaKaRa LA DNA
PCR PCR 94°C
CTAB ( Reineke 2 min 94C 30 s
et al. 2010) 45 s 72°C 1 ~3 min 35
-20C 72°C 7 min, 1%
1.3 . PCR PCR
( BGI ; TSINGKE
DNA (Liet al. 2013) ) o
DNA o
1 PCR
Table 1 Primers used in this study
Fragment Primer name Nucleotide sequence (5 —37)
1 TIF AAAGGRHTATYTTGATA
TWR TTAACTTTGAAGGYTAATAGTTT
2 ND2F GATATTARATTGCAAATYTAAAG
1300R CTTTARATTTGCAATYTAATATC
3 COIdF GGTCAACAAATCATAAAGATATTGG
COI2R GCTCGDGTRTCTACRTCTATWCC
4 C1C3F GCTCACTTTCATTATGTCTTATCTA
A8C3R CTCAAAAAAAAGAAATGAAAAA
5 C3N3F2 TCTGGAATTTCCATTACATG
N3TRR1 ATTGAAGATATTAAGATAGA
6 TRTFF1 TTTACAATTAGTTTCGACCT
TFTERI TTTAAGTCAGTTAGGTATGA
7 N5-¥F1 GGCAACCCACATAATGATAA
N5-KR1 CTATTTGATTGAATGTCCCT
8 NSF AAAGGAATYTGAGCWCTYYTAGT
N4R AAYTCWWTYATTGCTTATTCTTC
9 N4LF AAAAGTAGGAACAATTCTAG
N6CBR ATGTAATGTAAAAAATCGTGT
10 CB-40933F GTWYTWCCNTGAGGRCAAATRTC
CB11526R TCWGCDGGNCGDGCHCCAATTCA
11 CB41335F CAYATTCAACCHGAATGRTA
NIR GTWGGDTTTGTWACTTTAHTDGARCG
12 N116SF AACCAGATAAAGTAACCCCA
N116SR GACGAGAAGACCCTATAGAA
13 1612SF TCACTGAGCAGAATAGACCT
1612SR TTAATTGATAATCCACGTTG
14 CRF ATAATCTAAACCAAACTAAA

CR-200

TTCTATANDYAGGGTATGAACC
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1.4 DNA .
GenBank BLAST
DNA star v7.1

SeqMan ( Swindell and Plasterer 1997)

tRNA Mitos WebServer ( hitp: //
mitos. bioinf. unideipzig. de/index. py) ( Bemnt et al.
2013) tRNA scan-SE v2.0 ( hitp: //lowelab.
ucsc. edu/tRNAscan-SE/) ( Lowe and Chan 2016)

o

tRNA
tRNA
RNA structure
v5. 8 ( Mathews and Reuter 2010) o
NCBI

ORF Finder ( https: //www. ncbi. nlm. nih.
gov/orffinder/)

RNA

( Boore 2001; Cameron 2014b)
IRNALeu (UAG)  tRNAVal
16S rRNA  tRNA-Val
12S rRNA, RNA
Drosophila  melanogaster ( : )
2002)
albomaculatus ( : ) (Liet al
2016a) Chauliops fallax (
2013)

( Cannone et al. Panaorus

) (Lietal
Manduca sexta
( : ) ( Cameron and Whiting 2008)
Apis mellifera ( : )
2006) rRNA o
CGView
Server ( http: //stothard. afns. ualberta. ca/cgview _
( Grant and Stothard 2008)

( Gillespie et al.

server/index. html)

o
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et al. 2016) :
AT —skew =(A-T) /(A +T) GC -
skew =( G —C) /(G +C) ( Perna and Kocher 1995) ,

1.5
21

10 . .
11 ( 2).

MEGA v7.0

13

PCG123.,
( Kumar et al. 2016)
3 PCG12.

PCG123 MEGA v7.0

( Bayesian inference)
( maximum likelihood)
IQ-TREE v 1.0 ( Lam
2015) o MrBayes v3. 12
( Huelsenbeck and Ronquist 2001)
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o RAxML +v8.2.9

et al.

( Stamatakis 2006)

( bootstrap) 1 000,

2.1
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37
22 RNA 13 2
RNA (1 3),
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et al. 2008) .
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Table 2 General information of the taxa used in this study
GenBank
Superfamily Family Species Accession number
Pentatomoidea Dinidoridae Megymenum gracilicorne NC_042810
Plataspidae Megacopta cribraria NC_015342
Pyrrhocoroidea Pyrrhocoridae Dysdercus cingulatus NC_012421
Dindymus rubiginosus NC_042439
Largidae Physopelta cincticollis NC_042433
Physopelta gutta NC_012432
Coreoidea Rhopalidae Stictopleurus subviridis NC_012888
Aeschyntelus notatus NC_012446
Coreidae Anoplocnemis curvipes NC_035509
Notopteryx soror NC_037376
Alydidae Riptortus pedestris NC_012462
Lygaeoidea Berytidae Yemmalysus parallelus NC_012464
Metatropis longirosiris NC_037373
Colobathristidae Phaenacantha marcida NC_012460
Malcidae Malcus inconspicuus NC_012458
Chauliops fallax NC_020772
Geocoridae Geocoris pallidipennis NC_012424
Lygaeidae Kleidocerys resedae resedae KJ584365
Lygaeus sp. FS2019 MF497725
Rhyparochromidae Panaorus albomaculatus NC_031364
Eucosmetus incisus MN857166
ND3  tRNA-Ala~ tRNA-Asn tRNA-Ser ( GCU) . 8 tRNA rRNA N
tRNA-Ser ( GCU) tRNA-Glu~ tRNA-Phe ND5 . °
ND4  ND4L. ND6 CytB CytB tRNA-Ser 2.2
(UGA) . 6 13
34 bp 1~17 bp 10 937 bp.
tRNA-Ser ( UGA) NDI 3 622 ° NDI. ND4.
17 bp. 37 9 ND4L. ND5 N 9
14 tRNA 4 J o A+T 77.9% G +C
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22.1% col TTG ( TAA TAG)
ATN ND5 TAG 9
0 ND2. COIl. ND5. ND4L. ND6 TAA 0 NDI TA
NDI ATT ATP6. COII. col  coti T
ND4  CytB ATG ATPS ( 4 TA T
ND3 ATA °
col o TAA
10 ( Ojala et al. 1981) .
I'm
\\\
3
= ATPase8
' ATPase6

Fig. 1

Eucosmetus incisus

1000 um
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B PCGs & [ A i3

BN tRNA #IZRNA

B rRNA % ARNA
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A PP X

Mitochondrial genome map of Eucosmetus incisus

tRNA rRNA

o Note: Arrows indicated the orientation of gene transcription. PCGs were showed as blue

arrows tRNA genes as red arrows rRNA genes as purple arrows the sequenced control region as gray arrows and the unsequenced

control region as slash.

2.3 tRNA
tRNA 14 J
62 bp ( tRNA-Asp
73 bp ( tRNA-Lys) o tRNA
tRNA-is tRNA
( 2)
WebServer tRNA-His

[3 » 43 ”»

Macrocheraia grandis grandis (

22 ) (Men et al. 2019) o
N tRNA
tRNA-Gly) 7 bp.
tRNAArg  tRNA-Glu
4 bp tRNA 5 bpo
Mitos DHU 2~4bp TyC 3 ~5 bpo
TyC DHU TyC 4 ~8 bp
1~8bp( 5)-
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Table 3 Organization of Eucosmetus incisus mitochondrial genome
(bp) :
Gene Strand Position Length Anticodon Start codon Stop codon B
nucleotides
tRNA-le + 1 -66 66 GAT
tRNA-GIn - 64 - 132 69 TTG -3
tRNA-Met + 132 - 199 68 CAT -1
ND2 + 200 - 1168 969 ATT TAA 0
tRNA-Trp + 1167 - 1229 63 TCA -2
tRNA-Cys - 1229 - 1293 65 GCA -1
tRNA-Tyr - 1294 - 1356 63 GTA 0
coi + 1358 - 2896 1 534 TTG TAA 1
tRNA-eu ( UAA) + 2892 -2955 64 TAA -5
con + 2956 -3622 667 ATT T- 0
tRNA-Lys + 3623 -3695 73 CTT 0
tRNA-Asp + 3696 —-3757 62 GTC 0
ATPase8 + 3758 -3913 156 ATA TAA 0
ATPase6 + 3907 - 4569 663 ATG TAA -7
colt + 4569 — 5355 787 ATG T- -1
tRNA-Gly + 5356 - 5417 62 TCC 0
ND3 + 5418 - 5768 351 ATA TAA 0
tRNA-Ala + 5768 —5830 63 TGC -1
tRNA-Arg + 5832 -589%4 63 TCG 1
tRNA-Asn + 5896 - 5961 66 GTT 1
tRNA-Ser ( GCU) + 5961 - 6029 69 GCT -1
tRNA-Glu + 6029 - 6092 64 TTC -1
tRNA-Phe - 6093 - 6156 64 GAA 0
ND5 - 6156 - 7853 1 698 ATT TAG -1
tRNA-His - 7854 -7919 66 GTG 0
ND4 - 7919 -9235 1317 ATG TAA -1
NDA4L - 9229 -9507 279 ATT TAA -7
tRNA-Thr + 9510 -9574 65 TGT 2
tRNA-Pro - 9575 - 9637 63 TGG 0
ND6 + 9640 - 10101 462 ATT TAA 2
CyiB + 10101 - 11234 1134 ATG TAA -1
tRNA-Ser ( UGA) + 11234 - 11302 69 TGA -1
NDI - 11320 - 12239 920 ATT TA - 17
tRNA-Leu ( UAG) - 12240 - 12304 65 TAG 0
16S rRNA - 12305 - 13561 1257 0
tRNA-Val - 13562 - 13628 67 TAC 0
12S rRNA - 13629 - 14435 807 0
Control region 14436 - 14562 127
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Fig. 2 Predicted secondary structures of tRNAs in Eucosmetus incisus mitochondrial genome

GU

- Watson-Crick

tRNAs

o Note: The tRNAs were labeled with the abbreviations of their corresponding amino acids. Inferred Watson-Crick bonds

GU bonds by asterisk and the other non-Watson-Crick interactions were represented by hollow circles.

were illustrated by lines
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5 22 tRNA
Table 5 Nucleotides distribution in 22 tRNAs of Eucosmetus incisus mitochondrial genome

DHU DHU TvC TvC .
{RNA (bp)  (nucleotide)  (bp)  (nucleotide) \ "ele0tide)
Strand ( bp) ( bp) ( nucleotide) P nue eotide P nucieonide Variable
DHU stem DHU loop TWC stem TW¥C loop
AA stem AC stem AC loop loop
tRNA-Ala J 7 5 7 4 5 3 5 4
tRNA-Arg J 7 4 7 4 4 5 1 5
tRNA-Asn J 7 5 7 3 7 3 7 5
tRNA-Asp J 7 5 7 4 5 3 4 4
tRNA-Glu J 7 4 7 4 6 4 3 5
tRNA-Gly J 5 7 2 7 3 4 4
tRNA-le J 7 5 7 3 6 4 6 5
tRNA-eu
J 7 5 7 3 6 4 5 4
(UAA)
tRNA-Lys J 7 5 7 4 8 4 9 5
tRNA-Met J 7 5 7 4 5 5 6 4
tRNA-Ser
J 7 5 7 3 4 5 9 4
S ] 7 5 7 3 6 5 7 4
( UGA)
tRNA-Thr J 7 5 7 4 5 3 7 4
tRNA-Trp J 7 5 7 4 5 4 3 4
tRNA-Cys N 7 5 7 4 5 4 5 4
tRNA-GIn N 7 5 7 3 5 7 4
tRNA-is N 7 5 7 4 7 5 2 4
tRNA-eu
N 7 5 7 3 6 5 4 4
( UAG)
tRNA-Phe N 7 5 7 4 7 3 4 4
tRNA-Pro N 7 5 7 4 5 3 5 4
tRNA-Tyr N 7 5 7 3 6 4 4 4
tRNAVal N 7 5 7 2 4 4 8 5
17 Watson-Crick Val o H1775.
tRNA H2064. H2507
G=U 15 o
DHC 2 16S rRNA
TyC ( 6). 1A% A4 I. II. VI
2.4 rRNA (Lietal. 2013; 2016ab)
16S rRNA 12S rRNA 807 bp tRNAVal
1 257 bp tRNA-Leu ( UAG) tRNA- 3 27
Val 6 ( ( 4 I II
I ) 45 ( 3), I o II H567
H769

H991. H1196. H235. H2735 H183  tRNA-
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Table 6 Non-Watson-Crick base pairs in all tRNAs of Eucosmetus incisus mitochondrial genome
('bp) (‘bp) DHU  (bp) TwC  (bp)
tRNA
Strand AA stem AC stem DHU stem TYC stem
(RNA-Ala J (G-U) (G-U)
(RNA-Asp J (G-U)
{RNA-Ser ( GCU) J (G-U)
(RNA-Cys N (G-U) (G-U) (G-U)
tRNA-GIn N (G-U)
tRNA-His N (G-U) (G-U)
tRNA-Leu ( UAG) N (G-U)
{RNA-Phe N (G-0) (G-U)
tRNA-Pro N (G-U) (G-U)
(RNA-Tyr N (G-U)
{RNAYal N (G-U)
u A
AUy %= wisss
A Gu
g, 4 3
Hire2 L & A YUn H1906
U=A A U
o= ¢ 6N\ y
TN = TR
H1775
anaf cHBa SE O N U
A "aca UAUUC \c v
A e W
AC AU I‘A Au cG A U Guu u CA c A
A" auccAlcy uyCey AubC G A L,A W95 0 U
% dedd, dh Ayl Cpyh o & e
suUC6CAuSAY  uGAuy o Ug i
H1057 Wy H1087 6.8 Houy Yuy ‘a [y
R A & R i
A U— G+U A-U H2259
u v A A-U H1935 A-U
Famd = it Hor7 AU H226 yauy
Au cAAUUU— c UAU UA—UU GGG Lll.l A
Ho9t  Tpy u AU G U AL A
uu u UU U-A UG Al UCA
U—A UAAUA-! V U—A U2 alu
sl A AU G-U 6
A—U Uo IV GrU  A—Upultu
u A olyU A
o) yuuuy g N oy
A Ay Hiess 32 bprue / YVuyucanlA,
4 v i A0 e byyu
0_3AVuuuuh S half — A—0U e RPN Ve uA s
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AG, u u A u A u G, U
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Ye a A 0u £ g . %
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AN U—A H812 =y A HSTO ¢ ¢ ohhokods &b ddabh sohhohhy &b
AN A Uu—A u u A A TAG u AU U A u AG AU
AW AU y SAUUUR Gl U LRNA-Len = A I u ¢
N Ayu AN 0bADbG® Y Hes3 A Uaaua A G ¢ H2455
U AU \c A G N L u u
Hgar LALtLU c_ v U A A FLLLY W ul c
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u's ut N e ULl 2 Uouuus e Hosss AGSC Acy vA
TN A A AU A AU e/ U [ UGA—U G
u NOA A A ueu u N H533 H2675 U—A AT A Co G+U
A A su AN 4 e VAU U T 266 -G
i o uN U AU psge NAU uLu [T c6
u u A u usu U—A u u c A u /UUA G u—A
A U oy, A UNA Uel u oy (4 A (A A-U
v W A Uy aROWR Hert ¢ % RN cu ¢ 3 § | wasor
Uyua® U/ CA o U GyA A I U U g3 H2646 A ¢ AU
7 Ay NE oA fra] Soana® £
u u UTAACUUAGUUUUGUUUUUUUUGUY, u—a
Geu u u u U—A
AU G v W U—A
U—A u A UUUUAAUAAGUCUUUUAUUUU U—A
U—A u 235 u Uol,
AU A v U AA u
A—U He87 u u u G UU UUUGGGUGYA
gy u UUUUUAUGA A 50 AMoodes o
Ay 1 R ) i Uu AAAUUCGU,
U—A A u G Guu 5'-tRNA-Val u U u
Ueu e w -G H2s20
A A A6 et u U-A
A—U A—U u c—=G
A UUAGE—CAUGUUAUUUGAUAUUAAUU Hzsa7 AU
s 6—C
u+G c u
U—A Uy6
U—A
H13e U*§
Ay
U=A
u u
u y
A G
A u
Ayal
3 16S rRNA

Fig. 3  Predicted secondary structure of the 16S rRNA in Eucosmetus incisus mitochondrial genome
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Fig. 4 Predicted secondary structure of the 12S rRNA in Eucosmetus incisus mitochondrial genome
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Table 7 Nucleotide composition of the Eucosmetus incisus mitochondrial genome

(bp) T C A G AT AT GC
Feature Length  T% C% A% G%  A+T%  AT-Skew GC-Skew
Whole genome 14562 32.4 13.0  45.9 8.6 78.3 0.17 ~0.20
Protein coding genes 10937  43.5 10.6 34.4 11.5 77.9 -0.12  0.04
J
Drotein coding geneed 6723  37.1 12.7 40. 1 10. 1 77.2 0.04 ~0.12
N
Protein coding genesc 4214 53.7 7.2 25.4 13.7 79.1 -0.36 0.3l
Firet codon positon 3646  38.4 10.9 35.8 14.8 74.2 -0.04  0.15
Second codon positon 3646  46.0 14.6 27.0 124 73.0 -0.26  -0.08
Third codon position 3645  46.1 6.3 40.4 7.2 86.5 -0.07 0.06
RNS tRNA genes 1439 39.0 8.9 40. 1 120 79.1 0.01 0.15
J RNS {RNA genes 917 36.5 10.5 42.1 10.9 78.6 0.07 0.02
N RNS {RNA genes-N 522 43.3 6.1 36.6 14.0  79.9 -0.08 0.39
RNA rRNA genes 2064  50.9 6.6 29. 1 13.4 80. 0 -0.27 0.34
ATP6 663 36.5 12.8 42.2 8.4 78.7 0.07 ~0.21
ATPS 156 38.5 7.7 49.4 4.5 87.8 0.12 ~0.26
cor 1539 37.2 14.0 34.9 13.9 72.1 -0.03 0. 00
coi 667 35. 8 13.3 40.8 10.0  76.6 0. 06 ~0. 14
coil 787 36.6 13.3 37.4 12.7 74.0 0.01 ~0.02
CytB 1134 35.0 15.0 39.6 10.4  74.6 0. 06 -0.18
NDI 920 53.9 8.0 23.4 14.7 77.3 -0.40  0.29
ND2 969 41.8 9.2 42.1 6.9 83.9 0. 00 -0. 14
ND3 351 37.9 12.3 42.7 7.1 80.6 0. 06 ~0.26
ND4 1317 53.1 7.5 25.3 14.1 78.4 -0.35 0.31
NDAL 279 59.5 4.7 22.2 13.6 81.7 -0.46  0.49
ND5 1698  53.2 6.9 27.0 12.8 80.3 -0.33 0.30
ND6 462 34. 8 10.6  49.6 5.0 84.4 0.17 ~0.36
12S rRNA 807 49.4 6.9 29.1 14.5 78.6 -0.26  0.35
165 rRNA 1257 51.9 6.4 29.0 12.6 80.9 -0.28 0.33
N AT CG col TA CG
rRNA TA GC col ( 5). J N
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Fig. 7 Phylogenetic tree inferred from the sequences of PCGs in mitochondrial genome
o bootstrap

o Note: Bayesian analyses and Maximum likelihood showed the same topology. Numbers at the nodes were Bayesian

posterior probabilities ( up) and Maximum likelihood bootstrap values ( down)
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