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Abstract. The second internal transcribed spacer (ITS2) of nuclear ribosomal DNA from 73

specimens of Astigmata was analyzed by PCR amplification and DNA sequencing. The length of

the ITS2 region varied from 282 to 592 bp. The interspecific variation based on consensus se-

quences was more than 4.1%, while the intraspecific or intra-individual variation was from 0 to

5.7%. The variation between geographically separated populations (0–3.2%) was almost the same

as the variation within strains. The sequences of the ITS2 region of Astigmata were concluded to be

species-specific. The phylogenetic tree inferred from the ITS2 region supported Zachvatkin’s

morphological classification in the subfamily Rhizoglyphinae. The species-specific ITS2 sequence is

useful for the species identification of astigmatid mites and for studying low-level phylogenetic

relationships.

Introduction

Astigmata, a suborder of Acari, consists of two cohorts, Psoroptidia and
Acaridia. A total of 65 families are included in Astigmata (OConnor 1982).
Most of them function as decomposers of organic residues and may cause no
harm to humans and human environments directly, but some are known as
noxious pests to agriculture and public health (Sasa 1965; Nakao and Kurosa
1988; Kuwahara et al. 1991).

Species identification of these mites is difficult because of their restricted
morphological characters. The higher category of classification is still in a state
of flux. Moreover, the following factors have made the taxonomy confusing:
numerous synonymical names, few type specimens preserved, no figures
available for descriptions, morphological polymorphism in adults, and
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descriptions of only a hypopus available without the relationship to the cor-
responding adult being given.

These species secrete from their opisthonotal glands a mixture of the fol-
lowing classes of volatile compounds: normal-chain hydrocarbons (C11 – C21),
monoterpenes, aromatic compounds and other miscellaneous compounds.
Parts of these compounds function as alarm, aggregation or sex pheromones
(Kuwahara et al. 1975, 1982; Leal et al. 1989a). The profile of secretion has
been found to be characteristic for each species, and provides a chemical key
which can be used to confirm the identification of a given species based on
conventional morphological characters (Leal et al. 1989b; Kuwahara 1999).
However, these profiles are not always consistent in terms of quantity and
quality due to variations among conspecific populations and analytical con-
ditions (Sakata et al. 2003).

Recent developments in molecular biology enable us to understand the
systematics and phylogenetic relationships of various organisms, by comparing
nucleotide sequences of a certain ribosomal DNA (rDNA) region (Kuperus
and Chapco 1994; Wada and Satoh 1994). In eucaryotes, the rDNA region
consists of three highly conserved regions (18S rDNA, 5.8S rDNA and 28S
rDNA) and two rapidly evolving regions, named the internal transcribed
spacer regions (ITS1 and ITS2) (Hillis and Dixon 1991 and references therein).
The latter regions have been used to study closely related species and to analyze
low-level phylogenetic relationships (Porter and Collins 1991; Gotoh et al.
1998).

In order to obtain a new taxonomical key based on molecular biology, the
sequence data of the ITS2 region of Astigmata were collected, and the feasi-
bility of using the data for species identification was discussed referring to
morphological taxonomy. Taxonomical relationships among groups of mites
were also discussed, based on molecular phylogeny using the ITS2 region.

Materials and methods

Mites

The 73 species and/or strains used in this study are listed and encoded in
Tables 1 and 2. The genus Caloglyphus was tentatively synonymized as the
genus Sancassania. Several unidentified species were also examined in this
study. From the morphological characters, each unidentified species could be
identified at the genus level. For example, an unidentified species Rhizoglyphus
sp. 1 (RH6) was characterized as belonging to the genus Rhizoglyphus based on
e.g. the shape of seta ba (stout conical spine) on legs I and II. However,
compared with the described species, morphological characters were somewhat
different. Thus, these species were tentatively characterized as unidentified in
the present study. The origins of unidentified species were appended in
Tables 1 and 2. Strains from different localities were treated as distinct samples
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for discussing variation of the ITS2 region between strains of different geo-
graphic origins.

All species examined are maintained as propagative forms at the Laboratory
of Chemical Ecology, Kyoto University. Dermatophagoides mites (DM59 and
DM63) and Lardoglyphus konoi Sasa et Asanuma (LD64) were reared at
around 70% RH on a mixture of dry yeast and dried fish meat (1:1).
Carpoglyphus lactis Linnaeus (CP65) were maintained on a mixture of dry
yeast and sugar (1:1). The following species were reared on dry yeast at around
70% RH: Suidasia medanensis Oudemans (SD40), Aleuroglyphus ovatus
(Troupeau) (AL47) and genus Tyrophagus mites (TY41, 42, 55, 58, 90 and
107). Histiostoma laboratorium R. Hughes (HT57) were kept submerged. All of
the other mites were reared on an agar medium composed of dry yeast and
corn powder in a Petri dish (85 mm i.d., 20 mm ht.) (Kuwahara, unpublished).

DNA extraction, PCR and DNA sequencing

Genomic DNA was extracted from 1 to 20 fresh mite(s), depending upon their
body size, according to the protocol described in Kuwahara et al. (1998). PCR
was performed in a reaction mixture (50 ll) containing 1.25 units of KOD
Dash (TOYOBO), 1 · KOD Dash buffer, 0.2 mM of dNTP and 10 pmol each
of two oligonucleotide primers. The primers for amplification were designed in
the well conserved 5.8S and 28S rRNA coding regions, based on the nucleotide
sequence of mosquitoes (Diptera: Culicidae, Wesson et al. 1992) and modified
for astigmatid mites. The sequence of the forward primer was 5¢-CGACTTTC
GAACGCATATTGC-3¢, and the reverse was 5¢-GCTTAAATTCAGG-
GGGTAATCTCG-3¢. Amplification was carried out with an initial denatur-
ation step at 94 �C, 2 min followed by 25 cycles of (1) denaturation at 94 �C,
30 s (2) annealing at 56 �C, 30 s and (3) extension at 74 �C, 2 min. DNA
sequencing of the ITS2 region was performed as previously described (Ku-
wahara et al. 1998). Three clones of the ITS2 region of all mites examined were
sequenced.

Phylogenetic analysis

DNA sequences were aligned using the CLUSTAL W (v. 1.81) multiple
alignment program (Thompson et al. 1994). The setting for this run was as
follows: Fast pairwise alignment parameters (Gap penalty = 5, K-tuple
size = 2, No. of top diagonals = 4, Window size = 4); Multiple alignment
parameters (Gap open penalty = 15, Gap extension penalty = 6.66). The
aligned sequences were checked manually. Phylogenetic trees were inferred
using by neighbor-joining (NJ), maximum parsimony (MP) and maximum
likelihood (ML) methods. The NJ method was performed using NEIGHBOR
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in the PHYLIP ver 3.573c package (Felsenstein 1995). The distance matrix was
calculated using DNADIST with Kimura’s two-parameter method and
the topology was tested with 1000 bootstrap trials (Felsenstein 1985) with the
programs SEQBOOT and CONSENSE. MP analysis was done with the
PAUP* program version 4.0bl0, written by David L. Swofford (2002). Gaps
were treated as fifth base. Support for phylogeny derived from MP algorithm
was measured by bootstrapping over 1000 replicates. ML analysis was also
done with the PAUP* (version 4.0bl0). Heuristic likelihood searches under the
K2P model were performed with all of the characters included. Bootstrap
support values were obtained from 100 replicate re-sampled data sets for MP
analysis. For MP and ML analyses, one of the sequences from three clones was
chosen randomly as a representative sequence.

Results

Sequence analysis

PCR products containing the complete ITS2 region and portions of the
flanking 3¢ end of the 5.8S and the 5¢ end of the 28S rRNA coding regions were
successfully obtained from all species of Astigmata, and their DNA sequences
were determined completely. The PCR amplification of some molds that were
presumably originating from the surface of mites as contaminants was suc-
cessfully excluded with our designed primers. All sequences exhibited homol-
ogy to the published sequences containing partial sequences of the 5.8S and
28S rRNA genes and complete ITS2 region obtained from Sarcoptes scabiei
(Acari: Sarcoptidae) (GenBank Accession No. AF387730) and Psoroptes sp.
(Acari: Psoroptidae) (GenBank Accession No. AF123080) by BLAST Search
on the web page of the DNA Data Bank of Japan (DDBJ, http://
www.ddbj.nig.ac. jp/Welcome-j.html). The boundaries between the ITS2 re-
gion and the rRNA coding regions were estimated by comparing with the 5.8S
and 28S rRNA genes of Psoroptes sp. (GenBank Accession No. AF123080). In
Astigmata, both ends of the rRNA (5.8S and 28S rRNA) coding regions were
well conserved, while the ITS2 region showed significant diversification among
the species examined. The length of the ITS2 region containing partial se-
quences of 5.8S and 28S rRNA genes also varied from 282 to 592 bp as
summarized in Tables 1 and 2. Three DNA sequences were collected for each
species and/or strain of mite. No variation among these sequences was ob-
served in the following 17 specimens: Carpoglyphus lactis (CP65), Sancassania
polyphyllae (SS22), S. aff. shanghaiensis (SS33, SS67, SS76 and SS83),
S. shanghaiensis (SS56), Schwiebea elongata (SC29), Schwiebea sp. 2 (SC15),
S. araujoae (SC17 and SC25), S. similis (SC19), Schwiebea sp. 5 (SC84),
Rhizoglyphus sp. 1 (RH73 and RH87), Rhizoglyphus sp. 2 (RH34) and
T. longior (TY55). However, a few variations between clones were observed
among 55 specimens. The differences of the length of the ITS2 region were
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mainly due to insertions/deletions of single nucleotides at several sites. Mi-
crosatellite-like repeats also attributed to the length variation with two patterns
observed, one consisted of short repeats, e.g., in the sequences of Schwiebea
similes (SC7), (TC)n (n = 2 or 4) and (GT)n¢ (n¢ = 1 or 2) were observed (see
GenBank Accession Nos. AB104933 and AB104934). In the ITS2 sequences of
Tyrophagus neiswanderi (TY90), (GCCT)n (n = 1 or 2) was repeated in tandem
(see GenBank Accession No. AB105035 and AB105036). These short repeats
were observed in nine specimens [Psoroptes caniculi (PS74), Suidasia medan-
ensis (SD40), Sancassania sp. 3 (SS21 and SS28), Histiogaster sp. 1 (HSIO),
H. rotundus (HS72), S. similis (SC7), Aleuroglyphus ovatus (AL47) and
T. neiswanderi (TY90)]. Half the number (five specimens) of these repeats was
composed of TG or GT repeats. Another pattern was single nucleotide repe-
tition (2–8). For example, in the sequences of Sennertia sp. (SN40), T was
repeated seven or eight times in tandem. These repeats were observed in nine
specimens [Sennertia sp. (SN61), Tortonia sp. 1 (TT48), Tortonia sp. 2 (TT49),
Sancassania rodriguezi (SSl), Sancassania sp. 1 (SS2), Sancassania sp. 4 (SS31),
Sancassania sp. 6 (SS4), Histiogaster sp. 1 (HS9) and Schwiebea sp. 4 (SC52)].

Intraspecific and interspecific variations

The variation within strain remained within the range of 0.2 to 3.7% except for
AL47 (4.5 to 5.7%). Slight differences were also observed among strains from
geographically separated locations, such as Cosmoglyphus hughesi (0–0.4%,
CS23 and CS39), Sancassania sp.1 (0.7–1.8%, SS2 and SS24), Sancassania sp. 2
(0–0.7%, SS18, SS20, SS27, SS35, SS36 and SS37), Sancassania sp. 3 (0.2–2%,
SS21 and SS28), S. aff. shanghaiensis (0–3.2%, SS33, SS67, SS76 and SS83),
S. spinitarsus (0–1.6%, SS43, SS68, SS88, and SS89), Histiogaster sp. 1 (2.6–
2.9%, HS9 and HS10), Rhizoglyphus sp. 1 (0–2.6%, RH6, RH73 and RH87),
R. robini (0–0.6%, RH12, RH51 and RH86), Schwiebea elongata (1.8–2.7%,
SC7 and SC29), S. araujoae (0–0.6%, SC16, SC17 and SC25) and Tyrophagus
putrescentiae (0–0.8%, TY41, TY58 and TY107). The variation among strains
was largely similar to those within strains. The minimum interspecific variation
of ITS2 sequences among astigmatid mites was 4.1% [between T. similis
(TY42) and T. longior (TY55)].

Genetic distances

Because of length variation of the ITS2 region among astigmatid mites, the
percentage homology is not sufficient for the comparison between species.
Thus, the genetic distances within and between strains and between species
were considered to be more informative. The genetic distances (from minimum
to maximum size) within strains are shown in Tables 1 and 2. The comparison
of genetic distances within strains, between strains and between species in
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genus Rhizoglyphus was summarized in Table 3 as a typical example. The
distances within strains were almost the same as those between strains, e.g.
RH12. For RH6, the distance within strain (0.002–0.007) was not almost the
same as those between strains (0–0.016), but they were an order of magnitude
smaller than those between species, e.g. 0.140 (RH6 vs. RH12). The genetic
distances between genera were relative higher than those between congeneric
species as summarized in Table 4. For example, the distance between
Rhizoglyphus species was 0.135 (RH3 vs. RH12). On the other hand, between
genera, mean distance was more than 0.294 (RH3 vs. SC7).

Table 3. The comparison of genetic distances within strain, between strains, and between species

of genus Rhizoglyphus

Species Genetic distance

Within strain Between strains Between species�

RH3 0.000–0.007 0.187 (vs. RH6)

0.135 (vs. RH12)

0.139 (vs. RH34)

0.177 (vs. RH79)

RH6 0.002–0.007 0.000–0.004 (vs. RH73) 0.140 (vs. RH12)

0.011–0.016 (vs. RH87) 0.136 (vs. RH34)

0.016 (RH73 vs. RH87) 0.155 (vs. RH79)

RH12 0.000–0.002 0.000–0.007 (vs. RH51) 0.023 (vs. RH34)

0.000–0.007 (vs. RH86) 0.125 (vs. RH79)

0.000–0.002 (RH51 vs. RH86)

RH34 0.000 0.120 (vs. RH79)

RH79 0.012–0.015

�Mean distances are shown between species.

Table 4. Mean of the genetic distances between congeneric species and among genera in the

subfamily Rhizoglyphinae

Species Mean of the genetic distance

Between congeneric species Between genera

RH3 0.135 (vs. RH12) 0.391 (vs. HS11)

0.294 (vs. SC7)

0.393 (vs. CS23)

0.348 (vs. SS1)

HS11 0.118 (vs. HS72) 0.459 (vs. SC7)

0.501 (vs. CS23)

0.536 (vs. SS1)

SC7 0.115 (vs. SC19) 0.337 (vs. CS23)

0.407 (vs. SSl)

CS23 0.147 (vs. CS45) 0.330 (vs. SS1)

SSl 0.189 (vs. SS22)

0.530 (vs. SS4)
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Phylogenetic analysis

The molecular phylogenetic tree of the suborder Astigmata was constructed by
using all of the species examined. The bootstrap value of the clades consisting
of closely related species was relatively high. However, the relationships be-
tween distantly related taxa were not determined due to very low bootstrap
support (data not shown). This result suggested that the utility of the ITS2
region for phylogenetic study of astigmatid mites was limited to the relation-
ships among lower taxa. Thus, the phylogeny of the subfamily Rhizoglyphinae
was reconstructed using the ITS2 sequences. A total of 635 characters were
used in the phylogenetic analysis. The molecular phylogenetic trees obtained
from three different methods [NJ, MP, and ML methods] were congruent for
the most part except for a few minor differences. The molecular phylogenetic
tree of the subfamily Rhizoglyphinae inferred from the ITS2 sequences using
the NJ method is shown in Figure 1. T. putrescentiae and T. neiswanderi (TY41
and TY90) were used as an outgroup. The bootstrap values obtained from the
other two methods (MP and ML methods) were put in Figure 1. In the NJ tree,
the subfamily Rhizoglyphinae was separated into three major groups. The first
group (group 1) consisted of three genera [Histiogaster (HS9, HS10, HS11 and
HS72), Rhizoglyphus (RH3, RH6, RH12, RH34, RH51, RH73, RH79, RH86
and RH87) and Schwiebea (SC7, SC13, SC15, SC16, SC17, SC19, SC25, SC29,
SC52 and SC84)]. The second group (group 2) consisted of two genera:
Cosmoglyphus (CS23, CS39 and CS45) and Sancassania (SS1, SS2, SS18, SS20,
SS21, SS22, SS24, SS27, SS28, SS31, SS33, SS35, SS36, SS37, SS43, SS56,
SS67, SS68, SS76, SS83, SS88 and SS89), except for Sancassania sp. 6 (SS4).
The third group comprised Sancassania sp. 6 (SS4). The monophyly of group 2
(Cosmoglyphus and Sancassania species) was well supported with a bootstrap
value of 81%. Within this group, the monophyly of congeneric species was
highly supported by bootstrap value. On the other hand, the monophyly of
group 1 (Histiogaster, Rhizoglyphus and Schwiebea species) was only weakly
supported with a bootstrap value of 57%. However, the monophyly of two
genera (Histiogaster and Schwiebea) was highly supported with bootstrap
values of 100 and 99%, respectively, and that of the genus Rhizoglyphus was
also well supported (86%). MP analysis indicated that 144 characters were
constant and 457 characters were parsimony informative. The tree obtained
from MP analysis by treating gaps as missing data was very similar to this
(data not shown). The minor differences of tree topology obtained from MP
and NJ analyses were the relationships among three genera (Histiogaster,
Rhizoglyphus and Schwiebea) and the position of Sancassania sp. 6 (SS4). In
the MP tree, two genera Rhizoglyphus and Schwiebea composed one clade
within group 1, and the genus Histiogaster was the sister group of this clade.
SS4 was a sister group of group 1. The monophyly of the clade consisting of
Cosmoglyphus and Sancassania species (group 2) was well supported with
bootstrap values of 87%, and that of the clade consisting of Histiogaster,
Rhizoglyphus and Schwiebea species (group 1) was moderately supported with
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Figure 1. The molecular phylogenetic tree inferred from the ITS2 sequences of the subfamily

Rhizoglyphinae by the NJ method. T. putrescentiae (TY41) and T. neiswanderi (TY90) were used as

an outgroup. The scale of distances is shown under the tree. The tree separated into three major

groups (group 1, 2 and SS4) corresponding to the morphological classification by Zachvatkin. Each

species was clearly distinguishable. The numbers at nodes represent percentage of bootstrap con-

fidence level obtained from three different methods (above: NJ method, below: ML method and in

parentheses: MP method).
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bootstrap values of 79%. The monophyly of two genera Cosmoglyphus and
Histiogaster was supported by high bootstrap values (100%, each), and that of
the genus Rhizoglyphus was also well supported (86%). The monophyly of the
genus Schwiebea was moderately supported by a bootstrap value of 72%, and
that of the genus Sancassania was only weakly supported (66%). The tree
topology obtained from ML and NJ analyses was highly congruent except for
the monophyly of the genus Rhizoglyphus under ML analysis. Within the ML
tree, the genus Rhizoglyphus did not form a monophyletic group. Though the
monophyly of two genera (Cosmoglyphus and Histiogaster) was supported by
high bootstrap value (97 and 100%, respectively), the monophyly of group 1
(Histiogaster, Rhizoglyphus and Schwiebea), group 2 (Cosmoglyphus and
Sancassania) and the genus Sancassania was only weakly supported by low
bootstrap value.

Discussion

In the present study of Astigmata, the length of the ITS2 sequences varied
considerably (282–592 bp). These results were consistent with the results of
Tetranychus species (Navajas et al. 1998) and Ixodes species (Wesson et al.
1993). Almost no variation in the ITS2 region was detected within conspecific
individuals and among geographical isolates, while the region demonstrated a
relatively high level of variation among certain species. More than 95% of
specimens examined exhibited less than 3% intraspecific variation based on
consensus sequences. Although the variation ranged from 4.5 to 5.7% in the
case of Aleuroglyphus ovatus (AL47), the values slightly higher than for other
mites, there were no sequences similar to AL47 among all specimens examined.
The minimum interspecific variation of ITS2 sequences among astigmatid
mites was 4.1% [between T. similis (TY42) and T. longior (TY55)]. This was
approximately the same as the highest intraspecific values of AL47, as men-
tioned. However, the sequences of TY42 and TY55 were obviously different
and could be used to distinguish the species (see GenBank Accession No.
AB104978 and AB104997). The interspecific variation between Rhizoglyphus
sp. 2 (RH34) and R. robini (RH12, RH51 and RH86) was 6.4%, again nearly
the same as the intraspecific variation in AL47. In this case, these two species
were distinguished based on the length of their ITS2 region: 447 bp for RH34
and 467 bp for RH12, RH51 and RH86. However, more than 9.6% inter-
specific variation [between Schwiebea sp. 5 (SC84) and S. elongata (SC7 and
SC29)] was observed among astigmatid mites. Our results are consistent with
the report of other arthropod species, including mites.

In Psoroptes, two rDNA classes were found and the distribution of these
classes correlated with neither the geographic origin of the mites nor the body
sampling site of skin scrapings. The corresponding identities were 94.8% (class
1), 99.7% (class 2) and 96.1 % (between consensus sequences of the two rDNA
class) (Zahler et al. 1998). In the mosquito Aedes aegypti and related species,
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the intraspecific variation in the ITS2 region was not remarkable, and thus this
region was reliable enough to be employed for predicting divergence among
closely related mosquito populations (Wesson et al. 1992). Very little variation,
2–3%, was found among individuals and geographically distant conspecific
individuals in some Orius species in ITS1 sequences (Honda et al. 1998). On the
other hand, the intra-isolate genotypic variation with pairwise identities of
97.8% or higher were detected in the ITS2 sequences of Sarcoptes (Zahler et al.
1999) and Otodectes (Lohse et al. 2002). The intra-isolate variations of
Sarcoptes and Otodectes were slightly lower than the intra-individual and/or
intraspecific variations of Astigmata.

The homogeneity of the ITS2 sequences among Astigmata might be smaller
than in other mite species (Sarcoptes and Otodectes). Intraspecific variation
among the ITS2 sequences of Aleuroglyphus ovatus (AL47) was slightly higher
among than those of other astigmatid mites and other mite species (Sarcoptes
and Otodectes). This suggests the possibility that the ITS2 region of AL47 has
not been homogenized completely within individuals and/or between individ-
uals. Rich et al. (1997) revealed heterogeneity of the ITS2 region within indi-
vidual deer ticks and recommended caution in utilizing highly variable portions
of rDNA, such as the ITS regions. The different order of homogenization of
the ITS2 region among Astigmata is interesting. The variation between geo-
graphically separated strains was almost the same as that within strains. Thus
variation of the ITS2 region derived from differences in geographical origin
does not to appear to exist among Astigmata included here. This suggests that
the ITS2 region among Astigmata is well conserved within species. Based on
these findings, we conclude that the ITS2 region of Astigmata is sufficiently
conserved among conspecific individuals to be effective for species identifica-
tion of Astigmata, though AL47 may require a little more attention.

The ITS2 region is known to be applicable to the phylogenetic analysis of
closely related species (Hillis and Dixon 1991). The present results support this.
The phylogeny, containing many taxa at different hierarchical levels, inferred
by the ITS2 region was unreliable as determined by low bootstrap values.
However, phylogenetic relationships between members of the Rhizoglyphinae,
based on the ITS2 region were highly supported by bootstrapping. The family
Acaridae is the largest among free-living mites and the most diverse group in
the suborder Astigmata, consisting of over 79 genera. However the definition
of this family is now ambiguous (OConnor 1982). The family is separated into
two subfamilies: Acarinae and Rhizoglyphinae. According to Zachvatkin’s
classification (1941), the subfamily Rhizoglyphinae consists of two tribes:
Acotyledonini and Rhizoglyphini, based on the presence or absence of the seta
Ve. The former tribe comprises of the two genera (Cosmoglyphus and
Sancassania) and the latter three genera (Histiogaster, Rhizoglyphus and
Schwiebea).

Molecular phylogenetic trees obtained from three different methods [MP,
ML, and NJ methods] were highly congruent. Using all three methods, the
subfamily Rhizoglyphinae was composed of three clusters of congeneric
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species; the first (group 1) was made up of Histiogaster, Rhizoglyphus and
Schwiebea, corresponding to tribe Rhizoglyphini. The second cluster (group 2)
consisted of Cosmoglyphus and Sancassania, corresponding to tribe Acotyle-
donini. The third consisted of only one species [Sancassania sp. 6 (SS4)]. SS4
was preliminary identified as one of the Sancassania species based on its
morphology, but is excluded not only from the cluster comprising Sancassania
and Cosmoglyphus species, but also from group 1 (Histiogaster, Rhizoglyphus
and Schwiebea). Further study will be required to establish the taxonomic
status of SS4.

Monophyly of group 2 (Cosmoglyphus and Sancassania species) was well
supported by MP and NJ analyses, with bootstrap values of 87 and 81%,
respectively. On the other hand, the monophyly of group 1 (Histiogaster,
Rhizoglyphus and Schwiebea species) was suggested using all three methods and
was reasonably supported by MP (79%). It was not supported under NJ (57%)
and ML (48%). However, this work supports the hypothesis that the groups of
the mites belonging to the tribe Rhizoglyphini are independent of the tribe
Acotyledonini. A robust phylogeny comes from multiple characters, such as
morphological characters, the information from various independent genes and,
especially in Astigmata, chemical compounds from the opisthonotal glands.
The present results reveal that the ITS2 region is useful for species identification
and examining the taxonomical relationships in lower taxa of Astigmata.
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