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ABSTRACT 
The complete mitochondrial genome of Pachycephus smyrnensis Stein, 1876 collected from Sivas, 
Turkey, is described. The circled genome is 20,393 bp in length and contains a typical set of 37 genes. 
The missing control regions, trnQ and trnI in previously reported P. smyrnensis (KX907846) were 
obtained in this precise assembly based on a considerable amount of raw data. A denser sampled 
phylogenetic analysis shows that the two P. smyrnensis constitute a branch sister to P. cruentatus 
(Eversmann, 1847). Pachycephus is a sister group of Phylloecus within Hartigiinae and remote from 
Characopygus, a genus within Cephinae. The monophyly of Pachycephini has been rejected.
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Introduction

The natural systematic frame of Cephidae has not been 
resolved till present. Liu et al. (2022) just revealed the para-
phyly of Syrista and reestablished the genus Neosyrista 
Benson. The validity of Pachycephini as well as its systematic 
position within Cephidae is also one of the remaining prob-
lems. Benson (1946) first proposed the tribe Pachycephini 
under the subfamily Cephinae, and two genera were placed 
into the tribe: Pachycephus Stein and Characopygus Konow. 
This system was followed by Muche (1981) and Abe and 
Smith (1991). The three diagnostic characters of Pachycephini 
proposed by Benson (1946) were: the ‘face’ is very broad with 
a distance between the two anterior tentorial pits about two 
times the distance between a torulus and an anterior tento-
rial pit at same side; the left mandible stout with a long 
outer tooth and two short inner teeth of almost equal prom-
inence; and the male apical sternite constricted before apex 
where remains a small apical lobe. In the past more than 
70 years, there was no study debating the validity and the 
systematic position of Pachycephini within Cephidae. 
Recently Liu (2019) studied the morphology and classification 
of Hartigiinae from China and found that the broad ‘face’ of 
Cephidae was probably a plesiomorphic character, and the 
character state of mandibles and male genitalia are varied 
greatly among different genera of Cephidae. So the basis of 
the monophyly of Pachycephini is uncertain. Based on COI 
data, Zhang (2020) analyzed the phylogeny of Cephidae and 
also debated the monophyly of Pachycephini. She found that 

Figure 1. The dorsal view of Pachycephus smyrnensis Stein, 1876, female. 
(Collected from Nessebar, Bulgaria by K. Ermisch in 1964, the picture taken by 
Min Xu).
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Pachycephus Stein may be a member of Hartigiinae and it is 
not a sister group of Characopygus Konow.

In this study, we sequenced the mitochondrial genome 
(mt genome) of Pachycephus smyrnensis Stein, 1876 
(OL077523) and inferred the phylogeny of Cephidae with all 
previously reported mt genomes of Cephidae to clarify the 
phylogenetic position of Pachycephus within the Cephidae 
and the monophyly of the tribe Pachycephini.

Materials and methods

A voucher specimen (CSCS-Hym-MC0233) was deposited in 
the Asia Sawfly Museum, Nanchang (ASMN). It was collected 
from Sivas Cumhuriyet University Campus, Sivas, Turkey 
(39.70 N, 37.02 E) in June 2018. The specimen was identified 
by Wei Meicai (weimc@126.com), namely Pachycephus smyr-
nensis Stein, 1876. And the reference specimen was 
exchanged with DEI and is kept in ASMN (Figure 1). Whole 
genomic DNA was extracted from the thorax muscle of the 
female (SAMN22566689) using the DNeasyR Blood & Tissue 
Kits (Qiagen, Valencia, CA). Genomic DNA was sequenced by 

the high-throughput Illumina Hiseq 4000 platform, yielding a 
total of 328,645,942 raw reads (SRR16627925). DNA sequen-
ces were assembled by MitoZ (Meng et al. 2019) and 
NOVOPlasty (Dierckxsens et al. 2017), and further verified by 
Geneious Prime 2019.2.1 (Biomatters, Auckland, New Zealand, 
https://www.geneious.com). A read coverage plot for studies 
using next-generation DNA sequencing technologies was 
provided in the supplementary material. The sequences were 
multiply aligned using MAFFT method in the TranslatorX ser-
ver (Abascal et al. 2010). Annotations were first generated in 
MITOS web server (Bernt et al. 2013), then corrected in 
Geneious if necessary. The phylogenetic tree inferred 
Bayesian inference using MrBayes version 3.2.6 (Ronquist 
et al. 2012).

Results

The sequence yield by MitoZ was 18,442 bp in length, and 
yield by NOVOPlasty was 20,750 bp in length. Two results 
have a completely identical region, containing 37 genes and 
an incomplete control region (CR), which was further 

Figure 2. The whole mitogenome map of Pachycephus smyrnensis Stein, 1876 (OL077523).
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examined by reassembly using Stenocephus shenyang (unpub-
lished) and Phylloecus fuscicosta (unpublished) as references 
(coverage was 102, 746, and 104, 212, respectively). A 124 bp 
overlap was found in the latter two sequences, which can 
guide the closure of the genome. Then, we used the whole 
non-coding region itself as a reference to examine the lon-
gest interval region further. By consistently obtaining similar 
coverage of the assembly contigs, we were able to confirm 
the 3467 bp control region between trnQ and trnM. And we 
obtained the complete mitochondrial genome finally. The mt 
genome circular (Figure 2) was maked using Geneious Prime 
under the circular sequence option.

The length of the complete mt genome of P. smyrnensis is 
20,393 bp, and it contains 37 genes, including 13 protein-cod-
ing genes (PCGs), 22 transfer RNA genes (tRNAs), two riboso-
mal RNA genes (rRNAs), and a 3467-bp CR (Figure 2). The 
A þ T content of P. smyrnensis mt genome is 80.8% (A: 
40.8%, T: 40.0%, C: 12.5%, G: 6.6%). All PCGs initiated by ATN 
codons and most PCGs ended with TAA stop codons, except 
nad5 using TAG as a stop codon. Six tRNAs (trnQ, trnW, trnF, 
trnH, trnP, and trnV), two rRNAs, and four PCGs (nad1, nad4, 
nad4L, and nad5), were located on the N-strand, while the J- 
strand encoded the remaining.

Phylogenetic analysis showed the two P. smyrnensis 
formed a clade which sister to P. cruentatus (Eversmann, 
1847). The monophyletic Pachycephus is a sister group of 
Phylloecus within Hartigiinae and it is remote from 
Characopygus, a genus within Cephinae and standing 
between Cephus and Calameuta. The result also revealed that 
the subfamily Cephinae composed of Cephus, Calameuta and 
Characopygus is a monophyletic group, and the genus Janus 
is probably a paraphyletic group.

Discussion

The genome architecture is almost consistent with the previ-
ously reported P. smyrnensis (KX907846) which lacks trnQ, 
trnI, and control region. The features of base composition 
and codon usage are highly similar. A total of 75 single base 
substitutions in 13 PCGs were found. In addition, by 

comparing with the other species of Cephidae, we detected 
a 508 bp long sequence which was repeated three times in 
the CR. This is consistent with the characteristics of the 
Cephidae mt genome.

The monophyly of Pachycephini was rejected. However, 
more Cephidae material and mt genome data are needed to 
gain a high-resolution phylogeny of Cephidae for clarifying 
detailed phylogeny of Hartigiinae in the future.
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