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ABSTRACT 
Cyanopterus ninghais is an important gregarious ectoparasitoid during the larval stage of Monochamus 
alternatus, a key vector for pine wilt disease in Asia. In this study, the complete mitochondrial genome 
of C. ninghais was sequenced and analyzed. The mitochondrial genome of C. ninghais is 15,386 bp in 
length, comprising 13 protein-coding genes (PCGs), 22 transfer RNA genes (tRNAs), and 2 ribosomal 
RNA genes (rRNAs). The nucleotide composition is 41.32% A, 8.29% G, 6.06% C, and 44.33% T. 
Phylogenetic trees of Braconidae were constructed using 13 PCG sequences via Bayesian inference (BI) 
and maximum likelihood (ML) analyses to determine their phylogenetic position. Both ML and BI analy-
ses revealed that C. ninghais is closely related to Euurobracon yokahamae, Virgulibracon endoxylaphagus, 
and Habrobracon hebetor.
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Introduction 

Cyanopterus (Bracomorpha) ninghais (Wang et al. 2009) 
(Hymenoptera: Braconidae) is a gregarious ectoparasitic wasp 
that targets the third to fifth instar larval stage of the 
Japanese pine sawyer beetle, Monochamus alternatus (Hope, 
1842) (Coleoptera: Cerambycidae). This beetle is the primary 
vector insect responsible for the spread of pine wilt disease, 
a significant concern in Asia (Wang et al. 2009; Li et al. 2021; 
Xu et al. 2023a). Cyanopterus ninghais shows a strong host 
specificity for M. alternatus, which indicates a significant 
potential for its use as a biological control agent. Despite its 
ecological significance, research on the Cyanopterus genus is 
currently limited to morphological classification, and the 
complete mitochondrial genome sequence of C. ninghais has 
not been released in public databases. The absence of gen-
etic information restricts our exploration of the phylogenetic 
relationships within this genus, thus impeding our compre-
hension of the evolution of Braconidae. Mitochondrial 
genomes have been extensively utilized in phylogenetic 
studies because of their maternal inheritance, relatively fast 
evolutionary rate, and limited recombination. Using mito-
chondrial genomes for phylogenetic construction is a com-
mon approach and has been successfully applied in 
numerous studies. For instance, Carter proposed detailed 
phylogenetic hypotheses for 10 species of the genus Hirundo 
using complete mitochondrial genomes (Carter et al. 2020). 

In this study, we determined the whole mitochondrial gen-
ome of C. ninghais for the first time and analyzed the phylo-
genetic relationships of C. ninghais with other Braconid 
species, which provides valuable genetic resources for further 
studies on the phylogeny of the Cyanopterus genus.

Materials

The sample of C. ninghais was collected from Zunyi, Guizhou 
Province, China (27.59 N, 106.83 E) in June 2022 (Figure 1). 
After the collection, the voucher specimen No. ZYgqh_0001 
(contact Xiaoyi Wang, xywang@caf.ac.cn) was stored in 100% 
ethanol and is presently located in the Entomological 
Museum of the Chinese Academy of Forestry. The corre-
sponding author identified the collection based on its mor-
phological characteristics.

Methods

Mitochondrial genome assembly and annotation

Total DNA was extracted from whole body using E.Z.N.A.VR 

Tissue DNA Kit (Omega, GA, USA). To obtain a complete 
mitochondrial genome sequence, we used both short-read 
sequencing (Illumina NovaSeq 6000 platform) and long-read 
sequencing (PacBio Sequel platform) technologies in this 
study. The read coverage depth map is shown in 
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Supplementary Figure S1. The assembly of the short clean 
reads using GetOrganelle v1.7.5 (Jin et al. 2020), followed 
by their alignment to the PacBio long reads using BWA 
v0.7.17. We then extracted the specific PacBio long reads 
corresponding to our target sample. To achieve a compre-
hensive assembly, we used SPAdes v3.14.1 to integrate the 
extracted PacBio long reads with the short clean reads. 
Sequences with sufficient coverage depth and longer 
assembly lengths were carefully selected as candidate 
sequences, and their accuracy was confirmed by alignment 
with the Nucleotide Sequence Database, followed by 
sequence joining based on overlap. To ensure data accur-
acy, the clean reads were resequenced to the mitochon-
drial genome, and base corrections were performed using 
Pilon v1.23. The mitogenome genome of C. ninghais was 
annotated using MITOS (Bernt et al. 2013), enabling the 
prediction of protein-coding genes (PCGs), transfer RNA 
(tRNA) genes, and ribosomal RNA (rRNA). Finally, the circu-
lar mitochondrial genome map of C. ninghais was drawn 
using CGView (Grant and Stothard 2008).

Phylogenetic analysis

To infer the taxonomic position of C. ninghais, a total of 26 
mitochondrial genomes were downloaded from NCBI, includ-
ing 26 species from the family Braconidae and one species 
from the family Ichneumonidae (Insecta, Hymenoptera) as 
outgroup. Phylogenetic analysis of taxa within the 
Braconidae family was conducted using PhyloSuite v1.2.2 
(Zhang et al. 2020a). The mitochondrial genomes of 27 spe-
cies were utilized for this analysis, with the 13 PCGs individu-
ally aligned using the MAFFT algorithm. Subsequently, 
sequence alignments were refined and trimmed using trimAL 
v1.2. The 13 PCGs were combined to form a unified dataset, 
constituting the fundamental dataset underpinning our 
phylogenetic analysis. Maximum likelihood (ML) phylogenies 
were inferred by employing IQ-TREE (Nguyen et al. 2015). 
The partition schemes and best-fit substitution models were 
determined by ModelFinder, which employs the corrected 

Akaike information criterion. Node support was assessed 
through the generation of 1000 ultrafast bootstrap replicates. 
In parallel, Bayesian inference (BI) phylogenies were con-
structed using MrBayes (Ronquist et al. 2012). Two independ-
ent runs were conducted, each employing four Markov chain 
Monte Carlo chains, including one cold chain. These runs 
were executed for 5,000,000 generations, with sampling 
occurring at intervals of 1000 generations. The initial 25% of 
the runs were discarded as burn-in, and posterior probabil-
ities were subsequently calculated to estimate branch sup-
port. The optimal partitioning schemes and substitution 
models for the BI analysis were determined using 
ModelFinder (Kalyaanamoorthy et al. 2017), which employs 
the corrected Bayesian information criterion.

Results

The complete mitochondrial genome of C. ninghais (GenBank 
accession no. OR525636) is circular and has a length of 
15,386 bp. It encodes a total of 13 PCGs, 22 transfer RNA 
genes (tRNAs), and two ribosomal RNA genes (rRNAs). The 
overall base composition of mitogenome is 41.32% A, 8.29% 
G, 6.06% C, and 44.33% T, with a GC content of 14.36% 
(Figure 2; Supplementary Figure S2). The cumulative length 
of the 13 PCGs is 11,124 bp, with PCG lengths ranging from 
282 bp to 1665 bp, accounting for 72.30% of the complete 
genome. The cumulative length of the tRNA genes is 
1469 bp, with an average gene length of 67 bp, accounting 
for 9.55% of the complete genome. The lengths of rRNA 
genes are 1364 bp (rrnL) and 750 bp (rrnS), accounting for 
13.74% of the complete genome. Among the 13 PCGs, 5 
PCGs start with ATT (cox2, nad1, nad2, nad3, nad4l), 4 PCGs 
start with ATA (atp6, atp8, nad4, nad5) and 4 PCGs start 
with ATG (cob, cox1, cox3, nad6). Except for nad3, which 
ends with TAG, the remaining 12 PCGs all end with TAA 
(Supplementary Table S1).

To infer the evolutionary relationship of C. ninghais, a 
phylogenetic analysis was performed based on the nucleo-
tide sequences of mitochondrial genomes from 26 complete 
mitochondrial genomes within the family Braconidae. The 
topologies constructed by ML and BI analyses based on the 
PCGs dataset were almost identical, supporting a close phylo-
genetic relationship between C. ninghais and Euurobracon 
yokahamae (Dalla Torre, 1898), Virgulibracon endoxylaphagus 
(Quicke & Ingram, 1993), and Habrobracon hebetor (Say, 1836) 
(Figure 3).

Discussion and conclusion

In this study, we successfully sequenced and annotated 
the complete mitochondrial genome of C. ninghais, making 
it the first species in the Cyanopterus genus to be 
sequenced. Phylogenetic analysis indicates that C. ninghais 
belongs to the subfamily Braconinae within the family 
Braconidae. Cyanopterus ninghais is closely related to other 
species in the Braconinae subfamily, including E. yokaha-
mae, V. endoxylaphagus, and H. hebetor, supported by 
robust Bootstrap values and consistent with morphological 

Figure 1. The female specimen of Cyanopterus ninghais in dorsal view (col-
lected from Zunyi, China, and the picture taken by Shaobo Wang in 2022).
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classification (Li et al. 2021). These findings will provide 
valuable genetic resources for future research and applica-
tions of C. ninghais, and will contribute to a deeper explor-
ation of its ecological significance.
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