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To determine the Dysgonia stuposa mitochondrial genome (mitogenome) structure and to
clarify its phylogenetic position (formerly in Lepidoptera: Erebidae), the entire mitogenome
of D. stuposa was sequenced and annotated. The D. stuposa mitogenome was 15,721 bp
in size, containing 37 genes (including protein-coding genes (PCGs), transfer RNA genes
(tRNAs), ribosomal RNA genes (rRNAs)) usually found in lepidopteran mitogenomes. The
newly sequenced mitogenome contained some common features such as the A+T biased
nucleotide composition and the cox1 gene initiated by non-canonical CGA codon, which
have also been reported in other Erebidae species. In addition, like other insect
mitogenomes, the D. stuposa mitogenome had a conserved sequence ‘ATACTAA’ in
intergenic spacer, a motif ‘ATAGA’ followed by a 20 bp poly-T stretch in A+T rich region.
The phylogenetic analyses revealed that D. stuposa reside in the Erebidae family, and
suggest a novel lineages for Erebidae which contains different subfamilies: Arctiinae,
Aganainae, Catocalinae, Lymantriinae and Hypeninae.
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22 Abstract

23 To determine the Dysgonia stuposa mitochondrial genome (mitogenome) structure and to 

24 clarify its phylogenetic position (formerly in Lepidoptera: Erebidae), the entire mitogenome of D. 

25 stuposa was sequenced and annotated. The D. stuposa mitogenome was 15,721 bp in size, 

26 containing 37 genes (including protein-coding genes (PCGs), transfer RNA genes (tRNAs), 

27 ribosomal RNA genes (rRNAs)) usually found in lepidopteran mitogenomes. The newly 

28 sequenced mitogenome contained some common features such as the A+T biased nucleotide 

29 composition and the cox1 gene initiated by non-canonical CGA codon, which have also been 

30 reported in other Erebidae species. In addition, like other insect mitogenomes, the D. stuposa 

31 mitogenome had a conserved sequence ‘ATACTAA’ in intergenic spacer, a motif ‘ATAGA’ 

32 followed by a 20 bp poly-T stretch in A+T rich region. The phylogenetic analyses revealed that 

33 D. stuposa reside in the Erebidae family, and suggest a novel lineages for Erebidae which 

34 contains different subfamilies: Arctiinae, Aganainae, Catocalinae, Lymantriinae and Hypeninae.

35 Keywords: Phylogenetic relationship; D. stuposa; Mitochondrial genome; Noctuoidea

36 Introduction

37 D. stuposa (Lepidoptera: Erebidae) is an important pest species. It is broadly distributed 

38 Southern and Eastern parts of Asia. Its larvae usually consume the leaves of Phyllanthus plants. 

39 Despites the importance of this species, knowledge is scarce on its biology and evolutionary 

40 status at molecular level. To protect form harsh environment, D. stuposa transform to pupal stage 

41 during winter season. Interestingly, many insect species have approximately similar morphology 

42 at their pupal stage. Thus, the identification of D. stuposa at pupal stage based on its 
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43 morphological characteristics is highly difficult for taxonomists and population ecologists. The 

44 molecular technologies such as DNA barcodes and PCR-RFLP methods are more credible and 

45 reliable for morphology and taxonomy (Arimoto & Iwaizum, 2014; Raupach et al., 2010). 

46 Therefore, the study to determine the sequence of D. stuposa mitogenome will further aid for 

47 identification, classification, genecology analyses and evolutionary study of this species.

48 The insect mitogenome is a closed, circular, double-stranded DNA molecule, and the length 

49 is usually 14-19 kb (Boore, 1999). Unlike nuclear genomes, mitogenomes is smaller and more 

50 easily to acquired and sequenced. It usually contains several common characteristics, such as the 

51 stability of gene composition, conservativeness of gene arrangement and maternal inheritance, 

52 that can be widely used in molecular identification, phyletic evolution, systematics and 

53 biogeography study (Wolstenholme, 1992; Wilson et al., 2010). Since the huge diversity of 

54 insects, the mitogenome analysis are highly helpful and have been widely used in the analyses of 

55 genomic evolution and phylogenetic relationships (Lu et al., 2013; Cameron, 2014).

56 Noctuoidea is one of the biggest superfamilies of Lepidoptera with over 42,400 described 

57 species (Nieukerken et al., 2011). Since the taxonomic history of Noctuoidea is complicated, 

58 researchers rely on molecular features instead of morphological characteristics, which are usually 

59 misleading during the classification of organisms. However, classification based on the 

60 morphological characteristics was the only option before the molecular era. At that time, it was 

61 considered that the Noctuoidea has unique characteristics such as a metathoracic tympanal organ 

62 (Miller, 1999). Later on, researchers identified 10 other morphological characteristics to 

63 subdivide it at the family level and to resolve the monophyly of the families like Arctiidae, 
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64 Nolidae, Lymantriidae and Pantheidae (Speidel & Fanger, 2010; Kitching et al., 2010). 

65 Furthermore, based on the adult and larval morphological characteristics, Lafontaine and Fibiger 

66 proposed a monophyly of the ‘trifid’ (3-branching forewing cubital vein) and ‘quadrifids’ 

67 noctuoids (4-branching forewing cubital vein) (Fibiger & Lafontaine, 2005; Lafontaine & 

68 Fibiger, 2006). The morphological based taxonomy failed to resolve classification problems 

69 especially at the family and sub-family level. Therefore, the molecular studies based on the gene 

70 sequencing can play a crucial role depth in the systematic analysis of species. Zahiri et al. 

71 reconstructed the molecular phylogenetics of Noctuoidea using the PCGs of 152 species, and 

72 proposed a new and acceptable perspective on the phylogenetics of Noctuoidea (Zahiri et al., 

73 2011). They broke the traditional group of quadrifid noctuids, reconstructed Erebidae and 

74 Nolidae, and classified Noctuoidea into six families: Oenosandridae, Notodontidae, Erebidae, 

75 Nolidae, Euteliidae and Noctuidae. However, the morphological studies are not consistent with 

76 the molecular studies in some aspects, and the morphological support in Erebidae classification 

77 is also not enough (Minet et al., 2012). Moreover, the phylogenetic relationships between 

78 Noctuidae and Erebidae remain controversial, and further studies based on molecular levels are 

79 require to resolve noctuoid relationships (Lafontaine & Fibiger, 2006).

80 The complete mitogenome differs from the nuclear genome, and has been increasingly used 

81 to solve the questions with poorly support in multi-gene phylogenetic analyses such as the 

82 position of Nymphalidae under Papilionoidea (Yang et al., 2009; Cameron, 2014). Since, many 

83 species of the genus Dysgonia (formerly belonging to family Erebidae) have been moved to 

84 other families according to classification given by Holloway and Miller (Holloway & Miller, 
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85 2003), further status of many unordered species remains uncertain in phylogenetic relationships. 

86 In our study, we sequenced and characterized the complete mitogenome of D. stuposa and 

87 reconstructed the phylogenetic relationships to confirm its phylogenetic status in the Noctuoidea. 

88 Newly sequenced mitogenome revealed a noval and stable phylogenetic relationships within 

89 Erebidae, and will provide a foundation to further study the Noctuidae and Erebidae mitogenome 

90 composition features, biogeography, and phylogenetics.

91 Materials and Methods

92 Specimen collection and Genomic DNA extraction

93 The D. stuposa moths were collected from Xiangshan mountains (N33°59′47″, 

94 E116°47′42″), Huaibei, Anhui, China. Based on the morphological characteristics, the 

95 collected specimens were identified as D. stuposa using Fauna Sinica (Chen, 2003). The 

96 identification was confirmed by analyzing the DNA barcoding sequences of this species by 

97 BOLD systems. The genomic DNA of D. stuposa was isolated using the Extraction Kit 

98 according to the manufacturer’s instructions (Sangon, China). The extracted DNA was used as 

99 template for PCR amplification. 

100 PCR amplification and fragment sequencing

101 To amplify the D. stuposa mitogenome, long fragment PCR and universal primers were 

102 synthesized, all the primers were tested and utilized for insect mitogenome amplification (Table 

103 1) (Sun et al., 2016). All PCR amplifications were executed using DNA Polymerase 

104 (PrimeSTAR® GXL, Takara, China). The PCR procedure was performed according to the 

105 previous protocol (Sun et al., 2016). The PCR products were determined by agarose gel with 
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106 TAE buffer, then sequenced by General Biosystems (General, China).

107 Sequence assembly and annotation

108 The complete mitogenome was assembled by the sequence results using the DNAMAN 

109 software. Sequence annotation was performed by BLAST tool in NCBI website and compared 

110 with the homologous sequences from other lepidopterans. To determine initiation and 

111 termination codons of PCGs, sequences were aligned with other published Noctuoidea sequences 

112 using ClustalX 2.0. AT skew and GC skew values were used to represent base composition of 

113 nucleotide sequences and calculated using the methods given by Junqueira (Junqueira et al., 

114 2004). MEGA 5.0 software was used to analyze the relative synonymous codon usage (RSCU) 

115 (Tamura  et al., 2011).

116 The tRNA genes were determined by tRNAscan Search Server and the secondary structures 

117 were detected using sequence alignment with appropriate anticodons which can fold into the 

118 proper clover-leaf structure (Lowe & Eddy, 1997). Tandem Repeats Finder were used to analyze 

119 the tandem repeats (Benson, 1999). 

120 Phylogenetic analysis

121 To rebuild the phylogenetic relationships among Noctuoidea at superfamily level, a total of 

122 29 species concatenated amino acid sequence sets of all PCGs were used to perform 

123 phylogenetic analysis. All PCGs sequences were downloaded from GenBank. Additionally, the 

124 mitogenome sequences of Bombyx mori (AY048187) and Antheraea pernyi (AY242996) (Liu et 

125 al., 2008) were used as outgroups. The PCGs sequences were aligned using ClustalX (Thompson 

126 et al., 1997). Then, two different analytical approaches including ML (Maximum Likelihood) 
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127 and BI (Bayesian Inference) were used to construct the phylogenetic relationships. The ML 

128 analysis was performed using MEGA 5.0, and the clade support was investigated with 1000 

129 bootstrap replicates. The BI analysis used four chains MCMC with MrBayes 3.2 version program, 

130 and running for 2,000,000 generations. The phylogenetic trees were analyzed by FigTree 

131 software.

132 Results

133 Genome organization and composition

134 The D. stuposa mitogenome is a circular DNA molecule with a length of 15,721 bp (Figure 

135 1). The size of newly sequenced mitogenome is comparable to the mitogenome described for 

136 other Noctuoidea species, which range from 15,801 bp in Gynaephora minora to 15,377 bp in 

137 Agrotis ipsilon (Table 2). The mitogenome annotation showed that it contained 37 genes and a 

138 A+T rich region, which usually present in insect mitogenome (Table 3). In addition, highly A 

139 and T biased nucleotide composition is a characteristic feature of insect mitogenomes including 

140 D. stuposa. Our results revealed that the nucleotide composition is highly biased towards using A 

141 and T (A=39.98%, T=40.38%, G=7.5%, C=12.14%) (Table 2). The A+T content of D. stuposa is 

142 80.36%, which is comparable to previously sequenced lepidopteran species (77.84% in 

143 Ochrogaster lunifer - 81.49% in G. minora). 

144 The AT and GC skewness were computed to determine the base composition (Junqueira et 

145 al., 2004). The D. stuposa mitogenome contained negative AT skewness (-0.005) and GC 

146 skewness (-0.236), indicating the presence of more Ts than As, and Cs than Gs, respectively 

147 (Table 2). These results are consistent with previous studies, as negative AT skewness has been 
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148 reported in several other insect species such as A. plana lacteata (-0.002), Risoba prominens (-

149 0.007) and A. ipsilon (-0.006).

150 Protein-coding genes and codon usage

151 A total of 13 PCGs were identified from the D. stuposa mitogenome, with a length of 

152 11,334 bp, and account 72% of the whole mitogenome. In insects, most of the PCGs locate on 

153 the J strand (majority strand), while some of them reside on N strand (minority strand) (Simon et 

154 al., 1994). In D. stuposa, nine of the thirteen PCGs (nad2, cox1, cox2, atp8, atp6, cox3, nad3, 

155 nad6 and cob) were resided on the J-strand, while remaining PCGs (nad5, nad4, nad4L and nad1) 

156 were located on the N-strand. The ATN codon always initiates the transcription of insect PCGs, 

157 but the exception is cox1 that utilizes CGA codon (Table 3). 

158 To estimate the codon usage among insect species, the entire nucleotide sequences of seven 

159 Noctuoidea (belonging to four families: Erebidae, Noctuidae, Nolidae and Notodontidae) were 

160 obtained from GenBANK (Figue 2). The results showed that Phe, Asn, Leu, Met, Tyr and Ile 

161 were the most commonly used amino acids, while Cys was found to be rarely utilized amino acid. 

162 The codon usage of amino acids was almost similar in the Noctuoidea. Furthermore, we used 

163 CDspT (codons per thousand) to illustrate the codons distribution in different species (Figure 3). 

164 The results exhibited approximately similar trends in the Noctuoidea superfamily, and the 

165 maximum CDspT value was observed for Asn and Ile.

166 The value of Relative Synonymous Codon Usage (RSCU) for Noctuoidea were given in 

167 Figure 4. We observed that the codons usage of same amino acid varied in different species. All 

168 the codons were appeared in the D. stuposa mitogenome, except for ACG and CCG codons. In 
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169 addition, some species are lack of synonymous codon with high G or C in the third codon 

170 position, such as GCG, CGC, GGC and CCG were abandoned in A. ipsilon.

171 Ribosomal RNA and transfer RNA genes

172 The D. stuposa mitogenome contains both large ribosomal gene (rrnL) and a small 

173 ribosomal gene (rrnS) with a length of 1,308 bp and 782 bp, respectively (Figure 1, Table 3). 

174 Both genes were encoded by the J-strand, and located at the same position as found in previously 

175 sequenced mitogenomes (Yang et al., 2009).

176 There were 22 tRNA genes in the D. stuposa mitogenome, ranging in size from 57 bp (trnA) 

177 to 71 bp (trnK) (Table 3). Almost all tRNAs had standard anticodons and comprised the typical 

178 clover-leaf secondary structure. The exception was trnS1 which lacks the dihydrouridine (DHU) 

179 arm (Figure 5). Moreover, we observed base pairs mismatches in the secondary structure of 

180 tRNAs, such as A-A mismatch (trnM), U-U mismatch (trnL2, trnS2) and U-C mismatch (trnA). 

181 Overlapping , intergenic spacer and A+T rich regions

182 The overlapping of genes extended the genetic information in limited genomes, and 

183 commonly found in metazoan mitogenomes (Wolstenholme, 1992). We identified nine 

184 overlapping regions with a total length of 144 bp in the mitogenome of D. stuposa (Table 3). The 

185 longest overlapping region of 65 bp was found between trnH and nad4. In addition, we observed 

186 a seven bp overlapping region located between atp6 and atp8 that has also been reported in other 

187 insects (Zhu et al., 2013).

188 The D. stuposa mitogenome had 21 spacer regions, ranged in size from 1 bp to 105 bp. The 

189 105 bp spacer contained highly A and T content, and located between trnA and trnR. We also 
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190 observed a 22 bp spacer contained an ‘ATACTAA’ motif and located between nad1 and trnS2, 

191 which was common in the species analyzed in the present study (Figure 6A). 

192 Metazoan mitogenomes usually have a very large non-coding region, named as A+T rich 

193 region (Lv et al., 2018). It contains high A+T content and can regulate and initiate DNA 

194 transcription and replication in a mitogenome (Clayton, 1991; Fernández-Silva et al., 2003). The 

195 A+T rich region of D. stuposa mitogenome located between the rrnS and trnM genes with 406 

196 bp in size (Table 3), and had highest A+T content (92.37%), and highly negative GC skewness (-

197 0.355) (Table 2). Further, it usually contained several multiple tandem repeat elements, which 

198 are a remarkable feature of this region (Zhang & Hewitt, 1997). The A+T rich region of D. 

199 stuposa didn’t harbor long repeats, but we found a few short repeating sequences in this region. 

200 It has an ‘ATAGA’ motif alongwith a 20 bp poly-T repeats, a microsatellite-like (AT)10 and a 

201 poly-A repeat sequence upstream of the trnM (Figure 6B). 

202 Phylogenetic relationships

203 To determine the phylogenetic position of D. stuposa, we reconstructed the phylogenetic 

204 relationship among superfamily Noctuoidea. In phylogenetic analysis, mitogenome PCGs has the 

205 lowest sensitivity to analytical changes compared to that of other genes such as tRNA or rRNA 

206 genes (Yang et al., 2015). Additionally, the third codon of PCGs may influence the phylogenetic 

207 resolution and has been reported in different orders (Cameron et al., 2010; Yang et al., 2013). 

208 Here, we applied the amino acid sequences of 13 PCGs for phylogenetic analyses by using BI 

209 and ML methods. The results revealed that D. stuposa is closely related to A. plana lacteata that 

210 was well supported by both the analytical approaches(Figure 7A and 7B). In addition, the 
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211 different methods produced identical topologies with both posterior probabilities and bootstrap 

212 support for each node(Figure 7A and 7B). Hypeninae is closed related to Lymantriinae, and 

213 Lymantriinae is a subfamily of Erebidae and sisters group of Arctiinae and others. The novel 

214 lineages of Erebidae contains different subfamilies: Arctiinae, Aganainae, Catocalinae, 

215 Lymantriinae and Hypeninae. In family level, the results showed a monophyletic Noctuoidea 

216 contains known families Notodontidae, Erebidae, Nolidae and Noctuidae.

217 Discussion

218 The D. stuposa mitogenome is a circular DNA molecule and contains 37 genes, which 

219 usually present in insect mitogenome (Figure 1). Compared with other mitogenomes, the size 

220 variation is generally due to difference in the length of their noncoding regions (intergenic 

221 spacers and A+T rich region) (Lv et al., 2018). Furthermore, the A and T biased nucleotide 

222 composition is a characteristic feature of insect mitogenomes. D. stuposa nucleotide composition 

223 is highly biased towards using A and T (A=39.98%, T=40.38%, G=7.5%, C=12.14%) (Table 2). 

224 However, the pattern of base composition in different insect species remains complex to the 

225 present time and still it is a matter of debate. The most primitive pterygote insect, Parafronurus 

226 youi mitogenome contains only 57% A+T content, lowest among all the sequenced insect species 

227 (Zhang et al., 2008). A+T content increased in insects throughout the evolutionary period, and 

228 the most advanced form of insects (holometabolous insects) constitute higher A+T content 

229 (Gotzek et al., 2010). The AT and GC skewness were determined to reflect the base composition 

230 in another side. The negative AT skewness (-0.005) and GC skewness (-0.236) of D. stuposa 

231 mitogenome, indicating the presence of more Ts than As, and Cs than Gs, and consistent with 

PeerJ reviewing PDF | (2019:07:39693:0:0:CHECK 24 Jul 2019)

Manuscript to be reviewed



232 previous several other insect species.

233 We identified 13 PCGs in D. stuposa mitogenome, with a length of 11,334 bp. Nine PCGs 

234 were resided on the J-strand, four PCGs were located on the N-strand. Additionally, cox1 utilizes 

235 CGA codon to initiate the transcription (Table 3). The utilize of untypical initiation codon for 

236 cox1 is a common feature across insects (Liu et al., 2014; Dai et al., 2016). The codon usage was 

237 used to estimate the amino acids of PCGs and CDspT was used to illustrate the codons 

238 distribution. We select seven Noctuoidea sequences belonging to four families and want to find 

239 some similarities and differences. The results showed that the codon usage and CDspT both 

240 exhibited approximately similar trends in the Noctuoidea. Asn and Ile were the most commonly 

241 used amino acids and contained the maximum CDspT value. In addition, D. stuposa mitogenome 

242 lacks ACG and CCG codons (Figure 4). Besides, some species are lack of synonymous codon 

243 with high G or C in the third codon position, such as GCG, CGC, GGC and CCG were 

244 abandoned in A. ipsilon. The rare presence or absence of high G and C content codons usually 

245 occur in various insect species, and are considered to be a remarkable feature for them (Yu et al., 

246 2017; Li et al., 2018).

247 D. stuposa contains 22 tRNA genes, and most of them can formed the typical clover-leaf 

248 secondary structure. trnS1 is the exception which lacks the dihydrouridine (DHU) arm. The 

249 unnormal feature of trnS1 is common across mitogenome of insects  (Lavrov et al., 2000; 

250 Zhang et al., 2013). Meanwhile, the secondary structure of D. stuposa tRNAs also contains many 

251 mismatches. These mismatches usually happened in the stem structure of tRNAs, and can be 

252 corrected by RNA-editing processes in many insect mitogenomes (Lavrov et al., 2000). In 
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253 overlapping and intergenic spacer regions, D. stuposa has some common and conserved features 

254 with other insects (Cameron & Whiting, 2008), such as a seven bp overlapping region located 

255 between atp6 and atp8, an ‘ATACTAA’ motif located between nad1 and trnS2. The 406 bp 

256 sized A+T rich region of D. stuposa had highest A+T content and a few features like an 

257 ‘ATAGA’ motif, a 20 bp poly-T repeats and so on (Figure 6B). The poly-T stretch varies in 

258 different species (Dai et al., 2015), but ‘ATAGA’ motif is conserved in insects (Cameron & 

259 Whiting, 2008). Besides, the A+T rich region usually contaions extra tRNA-like structure which 

260 harbored correct anticodon structure and clover-leaf structure (Gotzek et al., 2010). Interestingly, 

261 D. stuposa do not contain this structure, that let us wonder the extra tRNA-like structure is 

262 necessary or not, and what function is it?

263 Phylogenetic relationships were established using ML and BI analytical approaches. These 

264 results exhibited that D. stuposa belongs to the Erebidae family and Catocalinae subfamily that is 

265 consistent with the newly reported classification of Erebidae (Zahiri et al., 2012). The Erebidae 

266 is the largest and complicated noctuoid family, however its monophyly still has not been 

267 completely confirmed even some researchers has made efforts to resolve this problem. 

268 Additionally, a few species of the Dysgonia genus have been reclassified into other families 

269 (Holloway & Miller, 2003) that further cause complications in phylogenetic analysis. The 

270 present study clarified the taxonomic status of D. stuposa, which will help to understand the 

271 classification of Dysgonia. Within Erebidae, the monophyly between subfamilies suggested that 

272 Lymantriinae is a subfamily and sisters group of Arctiinae and others, and has been strongly 

273 supported by Zahiri et al., 2011 (Figure 7A and 7B). We have also found that Noctuidae is a 
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274 stable system with high bootstrap values in each node except in Noctuinae and Hadeninae. In 

275 fact, Hadeninae and Noctuinae consist a “core” Noctuinae with other tribes like Caradrinini, 

276 Noctuini, and so on (Regier et al., 2016). However, enough mitogenome sequences are not 

277 available to support this stable relationship.

278 Within the family level, the phylogenetic reconstruction of Noctuoidea has been proposed 

279 by using different approaches and resulted different family groups. Kitching and Rawlins based 

280 on the apomorphic character, classified Noctuoidea into three fundamental lineages: 

281 Oenosandridae, Doidae+Notodontidae, and the quadrifid families (including Lymantriidae, 

282 Arctiidae, Nolidae, Noctuidae, etc) (Kitching et al., 1998). Later on, Fibiger and Lafontaine 

283 suggested a new classification with five families: Oenosandridae, Micronoctuidae, Doidae, 

284 Notodontidae and Noctuidae (Fibiger & Lafontaine, 2005). However, these families still have 

285 unnatural groups and some species of quadrifid families remains difficult to classify. Zahiri et 

286 al., reconstructed the Noctuoidea by using the molecular evolutionary methods and gene 

287 sequences (mitochondrial gene and nuclear genes). The authors suggested a stable family level 

288 classification, which contains six major lineages and interpret as families: Notodontidae, 

289 Erebidae, Nolidae, Oenosandridae, Euteliidae and Noctuidae (Zahiri et al., 2011). In the present 

290 study, we observed that the superfamily can be classify into 4 families viz., Notodontidae, 

291 Erebidae, Nolidae and Noctuidae. Since the data is limited on the complete mitogenome 

292 sequences of species belonging to Oenosandridae and Euteliidae in the public repository NCBI, 

293 our results are consistent with the previous phylogenetic hypothesis that was proposed by Zahiri 

294 et al., 2011. Overall, we inferred from our study, more mitogenomes studies on Noctuoidea are 
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295 required to better analyze and understand the phylogenetic relationships among them.

296 Conclusion

297 In summary, we analyzed the structure and composition of D. stuposa mitogenome and 

298 clarified the taxonomic status of this species in Lepidoptera. The D. stuposa mitogenome was a 

299 circular DNA molecule that contained some characteristic features such as the A+T biased 

300 nucleotide composition and the cox1 gene initiated by non-canonical CGA codon, a conserved 

301 sequence ‘ATACTAA’ in a intergenic spacer, a motif ‘ATAGA’ followed by a 20 bp poly-T 

302 stretch in A+T rich region. The visible and invisible features of this motigenome will provide 

303 more molecular information for the improvement of various research fields. Further, the 

304 phylogenetic analyses revealed that D. stuposa reside in the Erebidae family, and it also 

305 exhibited that a novel and robust lineages of Erebidae that contain subfamilies: Arctiinae, 

306 Aganainae, Catocalinae, Lymantriinae, Hypeninae.
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Details of the primers used to amplify the mitochondrial DNA of D. stuposa
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1 Table 1. Details of the primers used to amplify the mitochondrial DNA of D. stuposa

Primer 

name
Orientation

Annealing 

position (bp)
Nucleotide sequence (5′-3′)

PCR 

length

S1F F 10170-10192 ACTTTAAAAACTTCAAAGAAAAA

S1R R 93-116 ACTTAATTTATCCTATCAGAATAA
5668

S2F F 15136-15153 CGCAACTGCTGGCACAAA

S2R R 6748-6774 GAAGAGAAGTTTATAGTGGATGAGGTT
7360

S3F F 6360-6389 TAAGCTGCTAACTTAATTTTTAGT

S3R R 11112-11134 GTAATAAATTCCTCGTCCAATAT
4775

2
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Composition and skew in different Noctuoidea mitogenomes.
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1 Table 2. Composition and skew in different Noctuoidea mitogenomes.

Species
Size 

(bp)
A% G% T% C% A+T %

AT 

skewness

GC 

skewness

Whole genome

D. stuposa 15721 39.98 7.5 40.38 12.14 80.36 -0.005 -0.236 

A. plana lacteata 15416 40.08 7.49 40.26 12.16 80.34 -0.002 -0.238 

V.a virilis 15417 40.18 7.56 40.22 12.05 80.4 0.000 -0.229 

G. minora 15801 40.97 6.77 40.52 11.75 81.49 0.006 -0.269 

R. prominens 15343 40.25 7.8 40.82 11.13 81.07 -0.007 -0.176 

O. lunifer 15593 40.09 7.56 37.75 14.6 77.84 0.030 -0.318 

A. ipsilon 15377 40.38 7.71 40.87 11.04 81.25 -0.006 -0.178 

PCG

D. stuposa 11334 33.86 10.91 44.63 10.61 78.49 -0.137 0.014 

A. plana lacteata 11211 33.87 10.92 44.76 10.45 78.63 -0.138 0.022 

V. virilis 11203 33.14 11.16 45.43 10.27 78.57 -0.156 0.042 

G. minora 11237 34.72 10.11 44.98 10.2 79.7 -0.129 -0.004 

R. prominens 11216 33.64 10.57 46 9.8 79.64 -0.155 0.038 

O. lunifer 11266 32.47 12.08 43.26 12.19 75.73 -0.142 -0.005 

A. ipsilon 11211 34.24 10.64 45.56 9.55 79.8 -0.142 0.054 

AT RICH

D. stuposa 406 43.6 2.46 48.77 5.17 92.37 -0.056 -0.355 

A. plana lacteata 328 46.04 1.22 48.48 4.27 94.52 -0.026 -0.556 

V. virilis 362 44.48 1.1 50.55 3.87 95.03 -0.064 -0.557 

G. minora 449 43.21 2.67 49.44 4.68 92.65 -0.067 -0.273 

R. prominens 342 44.15 2.34 49.42 4.09 93.57 -0.056 -0.272 

O. lunifer 319 44.51 1.57 48.9 5.02 93.41 -0.047 -0.524 

A. ipsilon 332 46.08 1.51 48.8 3.61 94.88 -0.029 -0.410 

2
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List of annotated mitochondrial genes of D. stuposa
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1 Table 3. List of annotated mitochondrial genes of D. stuposa

Gene

name
Start Stop Strand Length

Anti-

codon

Start 

codon

End 

codon

Intergenic

nucleotides

trnM 1 68 J 68 CAT / / 2

trnI 71 138 J 68 GAT / / 8

trnQ 147 215 N 69 TTG / / 55

nad2 271 1284 J 1014 / ATT TAA -2

trnW 1283 1350 J 68 TCA / / -8

trnC 1343 1409 N 67 GCA / / 22

trnY 1432 1496 N 65 GTA / / 9

cox1 1506 3041 J 1536 / CGA TAA -5

trnL2 3037 3103 J 67 TAA / / 0

cox2 3104 3820 J 717 / ATA TAA -35

trnK 3786 3856 J 71 CTT / / 0

trnD 3857 3923 J 67 GTC / / 0

atp8 3924 4085 J 162 / ATC TAA -7

atp6 4079 4756 J 678 / ATG TAA 27

cox3 4784 5572 J 789 / ATG TAA 2

trnG 5575 5640 J 66 TCC / / 0

nad3 5641 5994 J 354 / ATT TAA 34

trnA 6029 6085 J 57 TGC / / 105

trnR 6191 6256 J 66 TCG / / 10

trnN 6267 6332 J 66 GTT / / 8

trnS1 6341 6406 J 66 GCT / / 32

trnE 6439 6506 J 68 TTC / / 50

trnF 6557 6624 N 68 GAA / / -17

nad5 6608 8368 N 1761 / ATT TAA -3

trnH 8366 8433 N 68 GTG / / -65

nad4 8369 9772 N 1404 / ATG TAA 42

nad4l 9815 10102 N 288 / ATG TAA 14

trnT 10117 10181 J 65 TGT / / 0

trnP 10182 10246 N 65 TGG / / 7

nad6 10254 10784 J 531 / ATT TAA 14

cob 10799 11959 J 1161 / ATG TAA -2

trnS2 11958 12025 J 68 TGA / / 22

nad1 12048 12986 N 939 / ATG TAA 1

trnL1 12988 13055 N 68 TAG / / 65

rrnL 13121 14428 N 1308 / / / 37

trnV 14466 14533 N 68 TAC / / 0

rrnS 14534 15315 N 782 / / / 0

AT-rich 15316 15721 / 406 / / / /
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Figure 1
Map of the mitogenome of Dysgonia stuposa.

The tRNA genes are labeled according to the IUPAC-IUB three-letter amino acids; cox1, cox2

and cox3 refer to the cytochrome c oxidase subunits; cob refers to cytochrome b; nad1-nad6

refer to NADH dehydrogenase components.
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Figure 2
Comparison of codon usage within the mitochondrial genome in the Noctuoidea.

Lowercase letters (a, b, c and d ) above the name of species represent the family (a:
Erebidae, b: Nolide, c: Notodontidae, d: Noctuidae).
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Figure 3
Codon distribution in members of the Noctuoidea. CDspT = codons per thousand
codons.
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Figure 4
Relative Synonymous Codon Usage (RSCU) of the mitochondrial genome of four families
in the Noctuoidea.

Codon families are plotted on the x-axis. Codons above the bars are absent in the
mitogenome.
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Figure 5
Predicted secondary structures of the 22 tRNA genes of the D. stuposa mitogenome.
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Figure 6
Alignment of the intergenic spacer region and the A+T-rich region of Dysgonia stuposa

(A) Alignment of the intergenic spacer region between trnS2 and nad1 of different
Noctuoidea species. (B) Features present in the A+T-rich region of Dysgonia stuposa. The
‘ATAGA’ motif is shaded. The poly-T stretch is underlined and the poly-A stretch is double
underlined. The single microsatellite ‘AT’ repeat sequence is indicated by dotted underlining.
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Figure 7
Phylogenetic relationships of Noctuoidea

(A) Tree showing the phylogenetic relationships among 29 species, constructed using
Maximum Likelihood with 1000 bootstrap replicates. (B) Tree constructed using Bayesian
Inference (BI) MCMC consensus tree, with posterior probabilities shown at nodes. Bombyx

mori (AY048187) and Antheraea pernyi (AY242996) were used as outgroups.
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