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INTRODUCTION

Astigmata Sarcoptiformes is an important suborder of mites due to their economic and public
health impacts. Astigmata mites are commonly found in house dust, stored food products, or
decaying organic matter. They negatively affect the quality of stored goods and can trigger an
allergic response in humans. There are 13 species of Astigmata in GenBank with complete mt
genomes. The positions of some mite genes relative to each other exhibit rearrangement, such as
in Histiostomatidae mites (Lee and Wang, 2016; Xue et al., 2018). In addition, tRNAs loss has
been observed in Trouessartia rubecula (Trouessartiidae) and two Tyrophagus mites (Acaridae;
Que et al., 2014; Yang and Li, 2015; Esteban et al., 2018). The mite, Suidasia nesbitti, belongs to
the Suidasiidae. However, the Suidasiidae mitochondrial genome has not been reported.

The taxonomy of Suidasia remains unclear, and molecular data may be helpful for species
classification and phylogenetic analyses (Ernieenor et al., 2018). The genus Suidasia was created
in 1905 and placed in the family Rhizoglyphidae (Hora, 1948). Suidasia was later transfered to the
Acaridae (Krantz, 1971). Suidasia mites possess a wrinkled cuticle and differ from other genera of
Acaridae. Because of this, the genus Suidasia was proposed to be in a separate family (OConnor
et al., 1982). Suidasia was placed in Suidasiidae of the Acaroidea by Krantz and Walter (2009).
Classification studies solely based on morphological identification are often controversial.

Mitochondrial genomes are useful for phylogenetic analyses and can improve the reliability
of phylogenetic inference relative to short sequences (Boore, 1999). We obtained the complete
sequence of the mitochondrial DNA (mtDNA) of S. nesbitti using next-generation sequencing
approaches and de novo assembly. This represents the first complete mitochondrial genome
sequenced from the genus Suidasia. A preliminary phylogenetic analysis was constructed based
on the 13 PCGs data.

MATERIALS AND METHODS

Samples and DNA Extraction
Mites were collected from a flour factory in Wuhu, Anhui province of China, in 2016, cultured
under laboratory conditions in constant temperature incubators (25◦C, 85% relative humidity) in
the dark and reared on self-prepared medium containing corn flour, wheat germ, and bread yeast
mixed at a ratio of 10:10:1 by weight. Suidasia nesbitti (specimen voucher WNMC0120160715)
was identified by its morphological characteristics (Hora, 1948). After confirming their identify,
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individual mites were isolated from self-prepared medium.
Samples were fixed in 100% ethanol and stored at −20◦C.
Total genomic DNA was extracted from approximately 1,000 S.
nesbitti individuals using standard phenol-chloroform extraction
(Dermauw et al., 2009). DNA was detected by 1% agarose
gel electrophoresis.

Mitochondrial genomes were prepared by Shanghai Majorbio
Bio-pharm Biotechnology Company (China). S. nesbitti genomic
DNA was fragmented into 400–500 bp by Covaris M220. The
genomic library (460 bp) was constructed by the utilization of
TruSeqTM DNA Sample Prep Kit. Bridge PCR was performed
according to the manufacturer’s instructions, using the Hiseq
PE Cluster Kit v4 cBot (Illumina). The genomic DNA library
was paired-end sequenced on an ultra-high-throughput Illumina
Hiseq X Ten sequencer. The raw paired-end reads were purified
by filtering out adapter (nucleotide length of recognized adapter
<25 bp and the remaining adapter-excluded nucleotide length
<25 bp), repeated and low-quality reads (quality score <20%) all
of which may affect optimum assembly analysis and annotation.
In this processing, we got a data set of 12862188∗2 paired-end
reads and 656568 single reads, containing 3802782489 bases.
Clean reads were assembled using SOAP de novo v2.04 (http://
soap.genomics.org.cn/) with optimal parameters (k-mer = 31
bp). Then, we used GapCloser v1.12 software to perform local
cavity filling and base correction on the assembly results.

Sequence Annotation and Analysis
Protein-coding genes (PCGs) were determined by open reading
frames with the invertebrate mt genetic codes search in Geneious
8.1.2 (Xue et al., 2018) and by comparison with the published
mt sequences of 5 Acarididae species using Clustal W 2.0
(Yuan et al., 2010). The two rRNA genes were identified based
on alignments with 12S and 16S of reported Acaroidea mite
species using MAFFT Version 7 (Katoh and Standley, 2013).
The majority of tRNA genes were confirmed by tRNAscan-
SE (Schattner et al., 2005) and ARWEN (Laslett and Canbäck,
2007). The unpredicted tRNAs were determined by searching
for anticodons or comparing tRNAs of other Acaroidea species
and Secondary structures of tRNAs wereconfirmed by using a
manual comparative approach to find conserved nucleotides in
anticodon loops. The nucleotide composition of the all genes
were calculated using MEGA 7.0 (Kumar et al., 2016), including
AT-content, AT-skew, GC-skew, and analysis of the amino
acid content.

Phylogenetic Analyses
We downloaded all available whole mitochondrial genomes
of Astigmata mite species from the NCBI GenBank database.
The data set includes 14 Astigmata sequences, the outgroups
used were two Oribatulidae mites (Paraleius leontonychus and
Steganacarus magnu; Domes et al., 2008; Dermauw et al., 2009;
Klimov and Oconnor, 2009; Gu et al., 2014; Que et al., 2014; Sun
et al., 2014a,b; Rider et al., 2015; Yang and Li, 2015; Lee andWang,
2016; Han and Min, 2017; Esteban et al., 2018; Sylvia et al., 2018;
Xue et al., 2018).

The nucleotide sequences of the 13 PCGs were aligned
separately by Mafft v7 (Katoh and Standley, 2013); ambiguous

sites and large gaps were deleted by Gblocks v.0.91b (Castresana,
2000). Alignments of individual genes were concatenated
in Geneious v5.4 (Drummond et al., 2011). Phylogenetic
analyses were conducted using maximum likelihood (ML)
(Stamatakis, 2006) and Bayesian inference (BI) methods
(Ronquist et al., 2012).

We analyzed the dataset of nucleotide sequences of 13
PCGs as two types of matrix: combined algorithm and
partitioned algorithm. Dataset partitioning was performed
by PartitionFinder v.2.1.1 (Lanfear et al., 2017), based on
an initial total of 39 data blocks (nucleotide sequences, 13
protein-coding genes by three codon positions). Substitution
models were predicted using AIC (the Akaike information
criterion, AIC) in PartitionFinder. PartitionFinder used unlinked
branch lengths, the greedy search algorithm for nucleotide
sequences and the MrBayes model. For the dataset of partitioned
nucleotide sequences based on genes, eleven subsets and two
best substitution models [GTR+I+G (COI, COII-NAD3-ATP6,
ATP8, COIII, NAD1, CYTB), GTR+G(NAD2, NAD4, NAD4L,
NAD5, NAD6)] were chosen by PartitionFinder. For the dataset
of combined nucleotide sequences, the substitution model
GTR+I+G was chosen by PartitionFinder.

BI analyses were performed by MrBayes (Ronquist et al.,
2012). We used separate data partitions plus mixed models
and conducted two independent runs each with four Markov
chains Monte Carlo (one cold chain and three heated chains).
The combined dataset was run for 10 million generations, with
trees sampled every 1,000 generations. The convergence of the
parameter estimates was performed with TRACER v.1.6. A
conservative burn-in of 25%was then applied. The consensus tree
was edited with FigTree v.1.4.0.

ML analyses were performed in the combined and partitioned
datasets using the GTRGAMMAI model in the RAxML-7.0.3-
WIN (Stamatakis, 2006). Clade support was assessed using a
non-parametric bootstrap with 1,000 replicates.

RESULTS AND DISCUSSION

mt Genome Organization
The complete mt genome of S. nesbitti is 14,852 bp in
length (GenBank: MN560777), and it is the first complete
mt genome sequenced in the Suidasiidae. It is the second
largest mt genome among all sequenced species of Astigmata
in GenBank and is shorter than that of Histiostoma blomquisti
(Supplementary Table 1). The relatively large length of S. nesbitti
may be due to a large non-coding region (734 bp). In addition,
similarly to most metazoan, the mitochondrial (mt) genome
of S. nesbitti is a covalently closed circular DNA encoding 13
polypeptides, 2 ribosomal RNAs, and 22 tRNAs on two strands.
Twenty six (9 PCGs, 2 rRNA and 15 tRNAs) genes are on the
majority strand (J-strand), while the remaining 4 PCGs and
7 tRNA genes are on the minority strand (N-strand). Among
them, multiple spacers and overlapping regions were scattered
throughout the whole genome (Supplementary Table 2).

Gene orders are arranged in 5 different ways in the mt
genomes of the 14 astigmatid mites (Supplementary Figure 1).
The order involves mt genome rearrangement and lost tRNA.
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Suidasia nesbitti is consistent with the following astigmatid
mites from five families: Rhizoglyphus robini (Acaridae),
Caloglyphus berlesei (Acaridae), Aleuroglyphus ovatus (Acaridae),
Dermatophagoides farinae (Pyroglyphidae), D. pteronyssinus

(Pyroglyphidae), Psoroptes cuniculi (Psoroptidae), Ardeacarus
ardeae (Pterolichidae), Sarcoptes scabiei (Sarcoptidae). They
share one type of gene arrangement (Supplementary Figure 1a).
The mt genes of Histiostoma feroniarum and H. blomquisti are

FIGURE 1 | AT% vs. AT-skew and GC% vs. GC-skew in the 14 Astigmata mitochondrial genomes. Values are calculated on J-strands for full length mitochondrial

genomes. X-axis shows level of nucleotide skew and the Y-axis indicates the nucleotide percentages. (A) AT% vs. AT-skew. (B) GC% vs. GC-skew.
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rearranged in two ways (Supplementary Figures 1b,c), whereas
Tyrophagus longior and T. putrescentiae have one type of gene
arrangement due to trnQ loss (Supplementary Figure 1d; Xue
et al., 2018). Trouessartia rubecula in the Trouessartiidae has a
unique gene arrangement due to loss of trnR, trnY, trnV, trnI, and
trnA (Supplementary Figure 1e; Esteban et al., 2018).

Base Composition
The overall base composition of the J-strand sequences for
S. nesbitti were A: 27.6%, T: 41.7%, G: 17.6%, and C: 13.1%
and the A+T content is 69.3%. Like most arthropods, there
was also a remarkable bias in the nucleotide composition in
Astigmata mites. This is probably due to asymmetric patterns
of mutations during transcription and replication (Dermauw
et al., 2009). The AT-skewed tendency of all known Astigmata
mites is consistent, ranging from −0.032 in Sarcoptes scabiei
to −0.318 in Histiostoma feroniarum, and the GC-skews are all
positive. A comparative analysis of A + T% vs. AT-skew and G

+ C% vs. GC-skew across all available complete mitogenomes
of Astigmata is shown in Figure 1. The base composition of the
same family or the same genus is similar. The point of AT% vs.
AT-skew and GC% vs. GC-skew of S. nesbitti clearly deviated
from most Acaridae species, with the AT-and GC-skewness
values of the J strand being −0.203 and 0.147, respectively. In
addition, confusingly, the skew of Sarcoptes scabiei deviated from
all known Astigmata.

Protein-Coding Genes
The total length of the 13 PCGs in S. nesbitti mt genome was
10,813 bp, accounting for 72.81% of the entire length. This was
similar to that of the other sequenced Astigmata species. All
protein-coding sequences began with the typical ATN codon.
Eight used ATG (cox2, atp8, atp6, cox3, nad1, nad4, nad4L, and
cytb), two used ATT (nad6 and nad5), and three used ATA (cox1,
nad3, and nad2). Nine of 13 PCGs (cox1, cox2, atp8, atp6, cox3,
nad1, nad6, nad4L, and nad5) terminated with TAA, whereas

FIGURE 2 | Phylogenetic tree of Astigmata relationships inferred from mitochondrial genome sequences using maximum likelihood and Bayesian methods. Trees was

inferred from nucleotide Trees were rooted with two outgroup. Numbers at each nodes are percentages from Bayesian posterior probabilities (left) and ML

bootstrapping (right). GenBank acc. Nos. for different Astigmata and outgroup taxa mt genomes are listed in Supplementary Table 1.
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T, an incomplete stop codon, was detected in cytb, nad3, nad2,
and nad4. We inferred that these genes were terminated by
truncated stop codons (T), which are presumably polyadenylated
after transcription to form complete TAA stop codons (Masta
and Boore, 2004; Supplementary Table 2).

tRNA and rRNA
In the S. nesbitti genome, 17 tRNA genes were confirmed by
tRNAscan-SE (Schattner et al., 2005) and ARWEN (Laslett and
Canbäck, 2007). Another five tRNAs (trnH, trnF, trnS1, trnI,
and trnQ) were determined by searching for anticodons or
comparing the tRNAs of other Acaroidea species and using a
manual comparative approach to find conserved nucleotides in
anticodon loops. Highly truncated mitochondrial tRNAs were
observed, with 20 of the 22 tRNAs appearing to lack the D-
or T- arms. Their average length was 56 ± 6.8 bp, and this
was consistent with the opinion that extremely short minimal
tRNAs widespreadly occur in Acariform mites (Klimov and
Oconnor, 2009). Among them,TrnK can be folded into an almost
perfect cloverleaf secondary structure, similar to other sequenced
species of Astigmata. TrnF (70 bp) has the largest length of
all tRNAs. Nearly complete D- or T-arms were also found in
trnF (Supplementary Figure 2), which have not been reported in
other Astigmata.

Two rRNA genes are located on the J-strand and separated by
the trnV gene. The lengths of 12S rRNA and 16S rRNA were 651
and 1,008 bp, respectively, which was similar to that of the other
sequenced species of Astigmata.

Phylogenetic Relationships
We constructed a phylogenetic tree based on a nucleotide
data set from 13 mt PCGs of 14 Astigmata mites
(Supplementary Table 1). The ML and BI analyses show
similar topologies, and the percentage of the bootstrap support
is given at each node (Figure 2). Classification systems justify
S. nesbitti inclusion in the Acaridae or Suidasiidae (Krantz,
1971; OConnor et al., 1982; Krantz and Walter, 2009). The
phylogenetic tree shows that Acaridae species are clustered into
one branch. S. nesbitti appears to be deviated from the branch of
Acaridae. The present study results support the (OConnor et al.,
1982; Krantz and Walter, 2009) classification of Suidasia into a
separate family Suidasiidae (Figure 2).
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Supplementary Figure 1 | Circular genome sequences of the Astigmata were

linearized at the 5′ end of the cox1 gene. Genes transcribed in the same direction

as cox1 (left to right) are shown above the line, and genes transcribed in the

opposite direction are shown below the line. Gene sizes are not drawn to scale.

Supplementary Figure 2 | Predicted secondary structure of 22 tRNA.

Supplementary Table 1 | Species used in this study.

Supplementary Table 2 | Mitochondrial genome organization of Suidasia nesbitti.
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