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Complete mitochondrial genomes of three Spilomelinae species
and a preliminary phylogenetic analysis of the Pyraloidea
(Insecta: L epidoptera)
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Abstract [Objectives] The Crambidae include economically significant, agricultural and forestry pest insects. A better
understanding of the phylogeny and evolution of the Pyraloidea is important for improving both knowledge of this lineage and
the ability to develop more effective means of controlling pest species. [Methods] Complete mitochondrial genomes
(mitogenomes) of three Spilomelinae species; Conogethes punctiferalis, Palpita nigropunctalis and Pycnarmon pantherata,
were sequenced and primarily analyzed by PCR with primer walking. [Results] The mitogenome sequences of C.
punctiferalis, P. nigropunctalis and P. pantherata were 15 325 bp, 15 226 bp and 15 545 bp in length, respectively, and
included 13 protein-coding genes (PCGs), 22 transfer RNA (tRNA), two ribosomal RNA (rRNA), and a variable control region.
All protein-coding genes began with the typical ATN codon except for CO [ which began with CGA. All the PCGs had the
stop codon TAA but COI, COIl and ND5 had the incomplete termination codons TA or T. Compared with published
Pyraloidea mitogenomes, the complete mitochondrial genome of P. pantherata is the largest due to the variable length of the
control region. [Conclusion] The general features of the mitogenome of three Spilomelinae species, including gene

arrangement, base composition, codon usage, secondary structures of 22 tRNAs, and sequence and structure of control region,
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are similar to those of other sequenced Pyraloidea mitogenomes. Maximum likelihood (ML) and Bayesian inference (BI)

phylogenetic analyses of variation in 13 PCGs in eight Pyraloidea subfamilies shows that the results of this study accord with

previous morphological and molecular taxonomies of this group.
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Tablel Theinformation of the mitochondrial genomein Pyraloidea published in GenBank

tRNA™  tRNA®YS

ATP8 ATP6 v5.1

Family Subfamily Species Accession no. Size (bp)
Spilomelinae Haritalodes derogata NC_029202 15253
Crambidae Spilomelinae Maruca vitrata NC 024099 15 385
Spilomelinae Maruca testulalis NC_024283 15110
Spilomelinae Dichocrocis punctiferalis NC 021389 15355
Spilomelinae Spoladea recurvalis NC_027443 15273
Spilomelinae Glyphodes pyloalis NC 025933 14 960
Spilomelinae Nomophila noctuella NC_ 025764 15309
Spilomelinae Tyspanodes hypsalis NC_025569 15329
Spilomelinae Glyphodes quadrimaculalis NC_022699 15255
Spilomelinae Cnaphalocrocis medinalis NC_015985 15388
Crambinae Pseudargyria interruptella NC 029751 15231
Crambinae Chilo auricilius NC_024644 15367
Crambinae Chilo suppressalis NC_015612 15 395
Crambinae Diatraea saccharalis NC 013274 15 490
Pyraustinae Loxostege sticticalis NC_027174 15218
Pyraustinae Ostrinia penitalis KM395814 12612
Pyraustinae Ostrinia furnacalis NC_003368 14 536
Pyraustinae Ostrinia nubilalis NC 003367 14 535
Nymphulinae Paracymoriza prodigalis NC_020094 15 326
Nymphulinae Paracymoriza distinctalis NC 023471 15354
Nymphulinae Elophila interruptalis NC 021756 15351
Schoenobiinae Scirpophaga incertulas NC_021413 15223
Scopariinae Eudonia angustea KJ508052 15 386
Scopariinae Hellula undalis KJ636057 14 678
Phycitinae Plodia inter punctella NC_027961 15264
Pyralidae Phycitinae Ephestia kuehniella NC 022476 15 295
Phycitinae Amyeloistransitella NC_028443 15205
Galleriinae Galleria mellonella NC_028532 15320
Galleriinae Corcyra cephalonica NC 016866 15273
Epipaschiinae Lista haraldusalis NC 024535 15295
9 7 bp
11 28
10
30 bp 3 22 WEARMERLTFHER
1~8 bp MEGA
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3 UUA L UCuU S RSCU
AT 3 AGG S 3
AT GC
80.52% 81.03% 81.42% GC

19.48% 18.97% 18.58% AT
-0.025 -0.008 -0.009 AT

23 ZEHRGBEER

A
T GC - 0207 - 0.181 13
- 0.199 G 11154 11163 11163 bp 3718
C 3721 3721 3
A+T AT AT 3
96.05% 93.88% 97.83% 2 CGA Co
AT A+T 12
RNA AT ATN CO ATP6 CO ND4 Cytb
85.11% 84.92% 85.68% ATG ND2 ATP8 ND5
AT 3 ND6  ATT ND3 ND4L ND1
3 AT 92.71% ATC ATA ATA
94.30% 93.47% 1 73.13% ATT ATG ATG
74.09% 74.28% 2 70.41% 70.49% 3 10
70.44% AT ND2 ATP8 ATP6 CO ND3 ND4
4 3 ND4AL ND6 Cytb ND1 TAA
A U CO CO ND5
3 T TA

* 3 SMBFFIRGKAERARESESN

Table3 The nucleotide composition of mitochondrial genome for three Spilomelinae species

A+T (%) G+C (%) AT-skew GC-skew n

Genes cp Pn  Pp Cp Pn Pp Cp Pn Pp Cp Pn Pp Cp Pn Pp

ge};(;lfne 80.52 81.03 81.42 19.48 18.97 18.58 0.025 -0.008 - 0.009 - 0.207 - 0.181 - 0.199 1532515226 15 545
/;élllgsrotem 78.75 79.63 79.40 21.25 20.37 20.61 -0.162 - 0.142 -0.149 0.023 0.040 0.055 111541116311 163
1st codon _ _

position 73.13 74.09 74.28 26.87 2591 25.71 -0.016 - 0.009 0.001 0.231 0.261 0.269 3718 3721 3721
2st codon _ _ _ _ _ _

position 70.41 70.49 70.44 29.59 29.51 29.55 -0.382 -0.379 - 0.385 - 0.098 - 0.104 - 0.100 3718 3721 3721
3st codon _ _ _ _ _ _

position 92.71 9430 93.47 7.29 5.70 6.56 -0.109 - 0.070 - 0.089 - 0.255 - 0.226 - 0.086 3718 3721 3721
tRNA

genes 81.64 81.95 82.21 18.36 18.05 17.79 0.024 0.017 0.051 0.151 0.149 0.152 1476 1485 1484
g:nl\i[: 85.11 84.92 85.68 14.89 15.08 14.32 0.028 0.033 0.034 0.315 0.335 0.331 2156 2135 2172
A+T-rich

region 96.05 93.88 97.83 395 6.12 2.17 -0.124 - 0.042 0.030 - 0.571 - 0.400 - 0.455 354 327 506
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Table4 Codon usagein protein-coding genes of the mitogenomes of three Spilomelinae species

Cp Pn Pp Cp Pn Pp
Amino Codon Am.ino Cod
acid No RSCU No RSCU No RSCU| ,.iq odon No RSCU No RSCU No RSCU
Phe UUU (F) 352 1.80 358 1.89 349 1.87 | Tyr UAU(Y) 174 187 176 1.84 172 1.83
UUC((F) 40 020 20 0.11 24 0.13 UAC(Y) 12 0.13 15 0.16 16 0.17
Leu UUA (L) 457 499 483 534 469 534 | Ter* UAA (*) 0 0 0 0 0 0
vuGg (@@ 17 0.19 11 0.12 14 0.16 UAG (*) 0 0 0 0 0 0
CUU((L) 46 050 25 028 26 0.30| His CAUMH) 63 183 62 185 60 1.76
CucC (L) 4 0.04 1 0.01 4 0.05 CAC (H) 6 0.17 5 0.15 8 0.24
CUA((L) 25 027 22 024 14 0.16 | GIn CAA(Q) 59 190 60 190 56 1.87
CUG (L) 1 0.01 1 0.01 0 0 CAG (Q) 3 0.10 3 0.10 4 0.13
Ile AUU () 437 1.88 432 1.89 463 195 | Asn AAU(N) 229 1.85 237 1.88 229 1091
AUC (I) 29  0.12 24 0.11 13 0.05 AAC(N) 18 0.15 15 0.12 11 0.09
Met AUA (M) 240 1.83 271 1.87 278 1.89 | Lys AAA(K) 91 178 96 1.86 101 1.87
AUG M) 23 0.17 19 0.13 16 0.11 AAG(K) 11 0.22 7 0.14 7 0.13
Val GUU (V) 66 193 67 190 78 2.15| Asp GAUD) 58 1.81 57 181 62 191
GUC (V) 4 0.12 3 0.09 1 0.03 GAC (D) 6 0.19 6 0.19 3 0.09
GUA (V) 64 187 69 196 59 1.63 | Glu GAA(E) 71 180 67 176 70 1.82
GUG (V) 3 0.09 2 0.06 7 0.19 GAG (E) 8 0.20 9 024 7 0.18
Ser UCU(S) 103 263 118 297 109 267 | Cys uGgu () 32 194 27 180 29 1.76
ucc¢) 15 038 12 030 13 0.32 UGC (C) 1 0.06 3 020 4 024
UCA(S) 81 207 74 186 80 196 | Trp UGA (W) 93 196 93 198 91 192
UCG (S) 2 0.05 0 0 7 0.17 UGG (W) 2 0.04 1 0.02 4 0.08
AGU(S) 30 077 24 0.60 28 0.69 | Arg CGUR) 20 154 17 128 13 1
AGC (S) 1 0.03 0 0 1 0.02 CGC (R) 0 o0 1 0.08 0 0
AGA(S) 81 207 90 226 89 2.18 CGA(R) 31 238 34 257 33 254
AGG (S) 0 0 0 0 00 CGG (R) 1 0.08 1 0.08 6 0.46
Thr ACU(T) 77 210 82 217 88 239 | Pro CCu@®) 78 250 73 235 71 225
ACC(T) 12 033 9 0.24 8 0.22 CCC (P) 9 029 6 019 17 0.54
ACA(T) 56 152 58 154 50 1.36 CCA((P) 37 1.18 44 142 36 1.14
ACG (T) 2 0.05 2 0.05 1 0.03 CCG (P) 1 0.03 1 0.03 2 0.06
Ala GCU(A) 84 256 73 230 77 250 | Gly GGU(G) 63 124 50 1.00 40 0.81
GCC (A) 6 0.18 8 025 8 0.26 GGC (G) 7 0.14 2 0.04 1 0.02
GCA(A) 37 113 44 139 33 1.07 GGA (G) 111 2.18 126 2.51 125 254
GCG (A) 4 0.12 2 0.06 5 0.16 GGG (G) 23 045 23 046 31 0.63
No RSCU:

No: Number of occurrences of each codon; RSCU: Relative synonymous codon usage.

TAA 3 13 AT
T TA -0.162 -0.142 -0.149 GC
0.023 0.040 0.055 3
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Fig. 1 Secondary structure of the mitochondrial tRNA gene for Conogethes punctiferalis
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