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Abstract

Molecular methods are becoming increasingly important in systematic acarology. In this review | describe the
properties of the ideal molecular marker and compare these with genes that have been used for phylogenetic
studies of mites and ticks. The second internal transcribed spacer of the nuclear ribosomal gene cluster (ITS2)
and the mitochondrial protein-coding gene cytochrome oxidase | (COIl) together provide a powerful tool for
phylogenetics at low taxonomic levels. The nuclear ribosomal genes 18S and 28S rDNA are equally powerful
tool for phylogenetics at the deepest levels within the Acari. What appear to be lacking are markers that are
useful at intermediate levels. The mitochondrial ribosomal genes 12S and 16S rDNA have not lived up to their
initial promise. | suggest some nuclear protein-coding genes that may be suitable alternatives. Methods for
collection and storage of mites for molecular work, DNA extraction and phylogenetic analysis are also briefly
discussed.
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Introduction

Molecular methods have revolutionised insect systematics (Roderick, 1996; Catealn@000)

and are increasingly being applied to mites and ticks (Navajas & Fenton, 2000). To date, most
phylogenetic studies of the Acari have focussed on economically important groups such as the
Ixodida, Psoroptidae, Tetranychoidea, Eriophyoidea, Phytoseiidae Vanba. However,
phylogenetic studies of groups such as the Parasitengona, Avenzoariidgegarnhcaruswvhich

address more basic evolutionary questions, have also recently begun to appear. The vast diversity of
mites makes them particularly suitable for these kinds of studies and they represent a unique
opportunity to test many evolutionary hypotheses. Such studies rely on robust phylogenies, but these
are lacking for most groups of mites. This may be one reason why the mites have been overlooked
by the wider community of evolutionary biologists.

One problem that has arisen in the field of insect molecular systematics is that entomologists
working on different groups have used different molecular markers for their phylogenies. This has
made it difficult to compare and combine results from different studies and has lead one author to
describe the field as a “thriving Tower of Babel” (Catergtal, 2000). This has yet to happen in
acarology, and hopefully the more tight knit nature of the acarological community will continue to
prevent it. A toolkit of molecular markers suitable for use on mites and ticks is beginning to emerge.
The purpose of this paper is to review the development of this toolkit and to suggest how it can be
deployed at different taxonomic levels. | will not attempt to review every case in which molecular
data have been used to discriminate between species, or those that take a purely population genetics
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approach. These have been reviewed elsewhere (Mozes-Koch & Gerson, 1998; Navajas & Fenton,
2000). | will focus instead on studies in which molecular markers have been used to reconstruct
phylogenies, including intraspecific phylogenies. DNA sequencing technology has evolved to a
point where user friendly kits are available for the entire process and it is no longer necessary to have
specialised molecular expertise in order to produce molecular data for phylogenetic analysis. | hope
this review will encourage the wider use of molecular technigues in systematic acarology.

Collection and storage of specimens for molecular work

Evidence from insects suggests that the most effective method for preserving specimens for
molecular work is ultracold freezing (-80°C) of live specimens (Pat, 1993; Reisst al, 1995;

Dillon et al, 1996), however, this is not always practicable. An acceptable alternative is storage in
100% ethanol. Mites from other media should be transferred to 100% ethanol and stored at -20°C as
soon as possible. Lower concentrations of ethanol give variable results and should be avoided if at
all possible, however, mites stored in ethanol as low as 70% for many years can give good yields of
DNA. Drying is not generally good for DNA and therefore parasitic mites collected from museum
specimens may not be suitable for molecular work.

DNA extraction

Klompen (2000) found it necessary to use 2-5 individuals in each extraction whereas Anderson &
Trueman (2000) used only leg tissue dissected from individual mites. If possible it is preferable to
extract DNA from single individuals to prevent mixing of distinct genotypes, particularly if there is
any question about the identity of the mites. This should be possible using all but the very smallest
of mites. Extracted DNA should be stored at -80°C.

When extracting DNA it is usual to slide mount a few individuals as voucher specimens so that
they are available for examination subsequent to DNA sequencing (Ratedag000). Ideally the
voucher specimen should be the individual that is sequenced but this individual is usually completely
destroyed during the extraction process. However, non-destructive methods of DNA extraction are
available (Roset al, 1994; Phillips & Simon, 1995). Cruickshaakal. (2001) have adapted the
DNeasy Tissue Kit from Qiagen (http://www.giagen.com/) for non-destructive DNA extraction of
lice by increasing the duration of the lysis step. This method has also been applied to midges
(Culicoidessp.) and specimens have been successfully identified to species after DNA has been
extracted (unpublished results). The method has also been tested on mites and complete grinding of
the specimen was only found necessary for the very small mites, although there was some loss of
yield in larger mites (unpublished results).

Properties of the ideal molecular marker

Single-copy (or multiple homogenous copies)

The ideal molecular marker should be present as a single copy in the haploid genome. If more
than one copy is present it is possible that sequences obtained from different individuals in the
phylogeny will be from different (paralogous) copies of the gene. The obvious solution is to use only
single-copy genes, however, it is not always obvious in advance which genes are present as a single
copy, and single-copy genes may be difficult to amplify. Multiple-copy genes may also be useful if
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all of the copies have the same sequence so that it does not matter which copy is sequenced. Such
genes are generally easier to amplify and give a higher yield. There are two groups of genes that fall
into this category, mitochondrial genes and nuclear ribosomal genes, and these are by far the most
commonly used genes for phylogenetics. Mitochondrial genes occur in large numbers in each cell
but usually all of these copies have the same sequence due to the population bottleneck which
mitochondria pass through when they are transmitted to the offspring via the egg €bialon

1994). Other mechanisms, collectively known as concerted evolution, are responsible for keeping all
of the copies of the nuclear ribosomal gene cluster the same (Hillis & Dixon, 1991), although
heterogeneity of the second internal transcribed spacer region of the nuclear ribosomal gene cluster
has been reported in ticks (Riehal, 1997).

Easy to align

Due to deletion and duplication of small regions of DNA the length of a gene can vary between
taxa and sequences must be aligned prior to phylogenetic analysis. For protein-coding genes this is
usually relatively straightforward since gaps generally occur in groups of three, corresponding to
whole codons, otherwise there would be a frameshift mutation. For ribosomal genes, which are not
translated into proteins and do not have this three base-pair codon structure, alignment can be much
more difficult. Uncertainty in the alignment will lead to uncertainty in the phylogeny. There are a
number of ways to deal with problematic alignments including removal of regions with ambiguous
alignments (Gatesgt al, 1993) or the use of secondary structure information for aligning the
sequences (Kjer, 1995).

All sites are equally free to vary

Due to the codon structure of protein-coding genes only about a third of the sites are free to vary
without altering the sequence of the protein. Mutations that alter the protein are likely to have a
deleterious effect on its function and therefore such changes, which are called non-synonymous
substitutions, are far less likely. For this reason only a third of the sites sequenced are likely to be
phylogenetically informative, at least for closely related taxa. Although maximum likelihood
methods can account to some extent for different rates of substitution at different sites, it can be
difficult to reconstruct the phyogeny of a group if the rates are very different or at least not easily
partitioned into different rate classes (e.qg. the first, second and third positions within a codon).

Substitution rate is high enough to provide sufficient number of informative sites

Different markers evolve at different rates and it is important to choose a marker with a
substitution rate appropriate for the use to which it is being put. For closely related species a gene
with a high substitution rate will be needed to ensure that enough mutations have accumulated during
the short time over which the taxa have been evolving.

Substitution rate is low enough to avoid excessive numbers of multiple substitutions

If too fast a gene is used then there will be sites at which two or more substitutions have
occurred. Since subsequent substitutions mask previous ones it will become increasingly difficult for
most methods of phylogenetic analysis to reconstruct the tree. This is called saturation. This problem
can be exacerbated by base composition bias since this makes it more likely that the second mutation
at a particular site will be a reversion to the original state4e.dl followed by T- A). For protein-
coding genes it may be the case that the synonymous substitution rate is too high even though very
few non-synonymous substitutions have occurred.
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Roughly equal base compositions

If base compositions are biased then the chances of the same mutation occurring more than once
on the tree will increase. This will increase the amount of homoplasy in the data set. This can be a
problem for mitochondrial genes, which tend to be AT rich. For example, Naatag@£1996a)
found that the mitochondrial gene cytochrome oxidase | (COI) in Tetranychidae has an AT content
of 75% (95% at third codon positions).

No variation in base compositions among taxa

Variation in base composition among taxa can be a problem for some methods of phylogenetic
analyses that may group taxa together due to similarity of base composition rather than genuine
shared ancestry (Galtier & Gouy, 1995). Navajaal (1996a) reported significant differences in
base composition for COI in different tetranychid genera.

Universal primers are available

For practical reasons it is much easier to use primers which work on a wide range of taxa than
ones with a much more restricted range. Primers with a wide taxonomic range are likely to be highly
conserved and there is much less chance of a mutation at the primer site, which may prevent the
amplification of some taxa in the study, although this can still occur (Feh&n1997; Yli-Mattila
et al, 2000). However, primers should not be too universal since this could lead to amplification of
gut contents, symbionts, parasites or environmental contamination (Yli-Mstéila 2000). While
it should be obvious from the sequence when this has happened it is preferable to use primers which
are at least arthropod specific when amplifying DNA from mites.

Widely used for maximum combinability of results

Using genes that have been used widely in other studies adds to the value of the data since they
can be used in conjunction with sequences from other studies to construct broader scale phylogenies
or in comparative studies of molecular evolution.

How do real genes measure up?

No single molecular marker can satisfy all of the conditions listed above, and different markers are
more suitable for different purposes. For example, ribosomal genes may be difficult to align but they
are likely to have more informative sites than protein-coding genes. Even if the unalignable regions
are removed this may still leave more informative sites than are present in a protein-coding gene of
the same length. A number of different markers have been used in mites and ticks, and all of them
have their problems, but by choosing the marker most appropriate for the task these problems can be
minimised before any sequencing is done, saving both time and money.

Non-coding regions

Non-coding regions include the mitochondrial control region (Zhang & Hewitt, 1997), introns
of nuclear genes (Friesen, 2000), and the internal transcribed spacer regions of nuclear ribosomal
genes. Since these regions are under very little selection pressure they tend to evolve very quickly
and are usually only of use within species or for closely related species. Due to their high substitution
rate it is common to find heterozygotes for these genes and it is often necessary to clone PCR
products prior to sequencing.
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ITS2

The non-coding region which has been most widely used in mites is the second internal
transcribed spacer region of the nuclear ribosomal gene cluster (ITS2). This cluster consists of three
genes (18S rDNA, 5.8S rDNA and 28S rDNA) which are transcribed into RNA but not translated
into protein. These RNA molecules form parts of the ribosome, a cellular structure involved in
making proteins. The three rDNA genes are transcribed as a single transcript of RNA transcript
separated by two regions (ITS1 and ITS2) which are subsequently spliced out and serve no further
purpose. Since they have no other function these ITS sequences are under very little selection
pressure and can accumulate substitutions very quickly. This can be very useful for distinguishing
between closely related species. By designing primers within the slowly evolving genes that span the
rapidly evolving spacers, primers have been developed which work well in a wide variety of taxa.

In what was perhaps the first ever use of molecular phylogenetics in mites, Na\edj§5992)
used primers in the 5.8S and 28S rDNA genes to amplify the ITS2 region in several species of
tetranychid mites and showed that this region is suitable for examining phylogenetic relationships
within genera, but that differences between genera were too great to enable correct alignment of the
sequences. The relationships within the gehesanychusagreed closely with morphology but
sequences from two sympatric specieskotetranychusfrom different hosts, which appeared
morphologically very similar except for a slight difference in the shape of the peritreme, showed
substantial genetic divergence. Navajaal.(1998) used ITS2 sequences in combination with COI
to investigate intraspecific variation Tretranychus urticaand found species-wide homogeneity of
ITS2 sequences but extensive COI polymorphism (reviewed in Navajas (1998)). Navalas
(2000) subsequently added more taxa to this data set and these revealed very low levels of variation
at the ITS2 locus in this species. Navagasl (1994) found a similar pattern of variation in the
cassava green mitBpnonychellus progresivuwith intraspecific diversity being low for both ITS2
and COlI, but lower in ITS2. Essigt al (1999) used ITS2 to investigate relationships within the
genusChorioptes Their sequences fell into two distinct groups that correlated well with morphology
but not with host suggesting that the sequences in their study represent two species both with low
host specificity. Zahleet al. (1999) used ITS2 sequences to investigate the relationships within the
genus Sarcoptes Although sequence variation was found, this did not correlate well with
morphology, host or geography suggesting that all of the sequences in their study belong to a single
polymorphic species. Zahlet al (1998) performed a similar analysis for the gelRssroptesbut
with less conclusive results.

ITS1

While not as widely used as ITS2, ITS1 has similar properties to ITS2 and has been used at the
population level to studixodes scapularigMcLain et al, 1995). Navajast al (1999) compared
the sequences of ITS1, ITS2 and 5.8S rDNA in several species of phytoseiids and concluded that
ITS1 is more variable than ITS2 and also more difficult to align. ITS1 was also the only region that
showed polymorphism within species, although this was low. 5.8S rDNA was substantially more
conserved than either ITS. In a study of the coevolutioBeafidophyopsisites and theiRibes
hosts, Fentoet al (2000) used primers in 18S and 28S rDNA to amplify a 1629bp fragment of the
nuclear ribosomal gene cluster spanning both of the internal transcribed spacers and 5.8S. They also
sequenced the homologous region in the hosts and found that the phylogeny of the mites does not
closely follow the phylogeny of their hosts.

The problems associated with internal transcribed spacers are those typical of rapidly evolving
genes. Failure to amplify some species with universal ITS2 primers has been reported for phytoseiids
(Yli-Mattila et al, 2000) and eriophyiids (Fentetal, 1997) and heterogeneity of ITS2 sequences
within individuals has been reported in ticks (Rétkal, 1997). In order to minimise these problems,
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internal transcribed spacers should be used only for studies of intraspecific variation or phylogenies
of very closely related species. It may be necessary to clone PCR products and sequences should be
treated as haplotypes rather than individuals.

Mitochondrial genes

Mitochondrial genes have been widely used in molecular systematics. Their high copy number
makes them much more easy to work with than single-copy nuclear genes and their strictly maternal
inheritance has been particularly useful at the infraspecific level. Mitochondrial genes fall into two
categories; ribosomal genes and protein-coding genes. There are two mitochondrial ribosomal genes,
12S and 16S rDNA, which are not separated by internal transcribed spacers. In general the third
positions of mitochondrial protein-coding genes evolve more quickly than the ribosomal genes but
it may be possible to use the first and second positions of the protein-coding genes at deeper
taxonomic levels. One of the potential problems with mitochondrial genes is that genes can be
transferred from the mitochondrion to the nucleus. These genes, called numts (nuclear copies of
mitochondrial genes) or mitochondrial pseudogenes, can be amplified and sequenced by mistake and
this can lead to erroneous phylogenies. While numts have yet to be reported from mites or ticks they
are ubiquitous in other arthropods and molecular systematists working on mites should be aware of
them. Strategies for identifying and dealing with numts are reviewed by Bensasson (2001).

16S rDNA

Black et al. (1994) used 506 aligned base pairs of 16S rDNA to investigate the phylogeny of
ticks at the family level and concluded that this gene is useful for phylogenetics of ticks at or below
this level. The bootstrap support for some of their nodes was quite low, indicating that these
sequences alone are insufficient to provide full resolution at all nodes in the tree. They concluded
that 16S in combination with another gene would give a more fully resolved tree. However, Norris
et al (1999) have shown that combining 12S data with these 16S sequences does little to improve
the resolution in the tree. Dabettal (2001) used a 246bp fragment of 16S rDNA, in combination
with 41 morphological characters to investigate the phylogeny of avenzoariid feather mites, and
obtained an almost completely resolved phylogeny, however, they chose to use decay indices
(Bremer, 1988) rather than bootstrap values to assess the degree of support for their nodes, so it is
difficult to compare this with other studies. Croseial. (1998) were able to use 16S to resolve the
relationships among New Worldermacentospecies and it seems that 16S rDNA is more suited to
use at this taxonomic level.

12S rDNA

Norris et al (1999) sequenced domain Il of the 12S rDNA gene for 51 species of tick and
compared this with previously published (Black & Piesman, 1994) and newly sequenced 16S
sequences. They used secondary structure to align both the 12S and 16S sequences and analysed the
data sets with and without hypervariable regions removed. They found that removal of the
hypervariable regions had no effect on the tree topology. 12S evolved slightly faster than 16S but
both genes, either individually or combined were inferior to 18S rDNA (see below). 12S and 16S
gave poorly resolved trees with low bootstrap values “portions of which are essentially random”
(Norriset al, 1999). This suggests that the initial promise of 16S rDNA was ill founded and that 18S
represents a better choice of gene for resolving the relationships of ticks at this leveletNarris
(1999) put this lack of resolution down to the high AT content of the mitochondrial genome causing
a large amount of homoplasy and suggest that these genes may be more suited to resolving
relationships at the infraspecific level or among closely related taxa. This was borne out bgtNorris
al. (1996) who have used 12S and 16S to investigate intraspecific relationdiipdeis scapularis
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and obtained a fully resolved haplotype phylogeny despite afhigh bias. Murrellet al (1999)
successfully used 12S in combination with COI to resolve relationships among rhipicephaline
genera.

Col

COlI has a similar range of uses to ITS2 but appears to evolve slightly faster. Navaljas
(1998) found extensive COI polymorphism (but species-wide homogeneity of ITBZyamychus
urticae. Anderson and Trueman (2000) used COI to showMthaba jacobsonis a complex of two
morphologically indistinguishable species infestiAgis cerana only one of which Varroa
destructo} has been transferred #&pis mellifera Toda (2000) used a 546bp portion of COI to
investigate the phylogenetic relationships of Japafes®nychusspecies and Salomoret al.

(2002) used a 488bp portion of this gene to examine the relationships between the different members
of the oribatid genuSteganacarusn the Canary Islands.

Despite its high substitution rate it appears that the utility of COI is not confined to closely
related species. Navajasal (1996b) used this gene to resolve relationships between genera in two
subfamilies of the Tetranychidae. This is despite a very high AT content. This contrasts with the poor
resolution of 12S and 16S (which are similarly AT rich) at this level in ticks. COl is likely to be on
its limit of resolution here.

An alternative approach to using COIl for deeper level phylogeny is to eliminate the
hypervariable third codon positions from the analysis. This was the approach taken bgtSibller
(2001) who used only the first and second codon positions of a 408bp fragment of COI to investigate
the phylogeny of the Parasitengona, however, they found that even after removal of third codon
positions considerable homoplasy remained and this lead to an incompletely resolved phylogeny
with low bootstrap values. They also had trouble amplifying all of their taxa, presumably due to
mutations at the primer site. This suggests that COIl is more suited to use at lower taxonomic levels.

colll

Kain et al. (1999) used a 355bp fragment of the cytochrome oxidase Il gene to investigate
intraspecific variation inlxodes pacificusand found widespread haplotype sharing between
populations (including an island population) with the exception of an apparently genetically distinct
population in Utah. It would be interesting to compare the rates of COIl, COIll and other
mitochondrial genes in the same set of taxa.

Nuclear ribosomal genes

The two nuclear ribosomal genes have been used extensively in molecular systematics and are
often used at very deep levels. Within the Acari these genes probably represent the most promising
candidates for resolving the deepest relationships within the group.

18S rDNA

Cramptonet al (1996) sequenced 260bp of the 28S rDNA gene and 245bp of the 18S rDNA
gene of several species of ticks and confirmed that these regions are both more conserved than 16S
rDNA and are suitable for phylogenies at the family and subfamily levels. Since these sequences
were rather short, Blaat al. (1997) sequenced the entire 18S gene (1846bp) for a smaller number
of taxa. These studies were reviewed by Klomgteal (2000). Norriset al (1999) concluded that
18S alone is superior to 12S and 16S combined for resolution at this taxonomic level.
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28S rDNA

Cruickshank and Thomas (1999) used a total of 751bp from two regions of the 28S rDNA gene
to examine the phylogenetic relationships within the Dermanyssina. Although they obtained a fully
resolved phylogeny, the bootstrap values for many of their nodes were low. However, homoplasy
was also low in this data set and this lack of resolution is likely to be due to an insufficient number
of informative sites (only 8% of sites were informative according to the parsimony criterion). This
suggests that 28S rDNA may be even more useful at a deeper phylogenetic level. Taken together with
the evidence from ticks this suggests that , for the Parasitiformes at least, 18S and 28S rDNA are
likely to provide a powerful tool for resolving deeper level phylogenies. The phylogenetic utility of
these genes has been established in several other groups of terrestrial arthropods including
centipedes (Giribedt al. 1999a), harvestmen (Giribet al. 1999b) and insects (Whitireg al. 1997)
and it is reasonable to assume that this will extend to the mites and ticks.

Nuclear protein-coding genes

There has been a move in insect systematics recently towards the use of low copy number
nuclear protein-coding genes. These genes have a range of substitution rates and can be applied to a
variety of uses. One potential problem with these genes is paralogy. They are often duplicated and it
is not always certain that the same copy of the gene has been sequenced in all of the taxa
(Cruickshanket al 2001). The only nuclear protein-coding gene that has been used in mites is
elongation factor 1 alpha (E&)L This gene has been widely used in insects although there has been
some lack of overlap between the region sequenced in different studies. Klompen (2000) has
assessed the utility of this gene for elucidating relationships among basal Mesostigmata and
concluded that it “may be a good molecular marker for Parasitiformes, especially within infraorders,
but might be most effective in combination with other molecular markers and/or morphology.”

Since nuclear genes have an intron/exon structure they can also be used at very low taxonomic
levels. In a manner similar to the ITS primers described above, highly conserved primers can be
designed within exons which amplify sequences which span the highly variable introns. This is
known as EPIC_fon gimed_intron_gossing). It has not yet been applied to mites but evidence from
the insects suggests that this could be a useful source of highly variable nuclear markers for studies
of intraspecific variation.

Other kinds of marker

An alternative approach to sequencing genes is the identification of molecular characters which
evolve so rarely that the probability that they have evolved on separate occasions in different lineages
is negligible, i.e. they are relatively free of homoplasy (Rokas & Holland, 2000). One such source of
characters is mitochondrial gene order. For example, the metastriate ticks all share a particular
rearrangement of the mitochondrial gene order (Roehrelaalz 2002). This provides very strong
evidence for the monophyly of this group since the chances of such a rearrangement occurring twice
are almost nil.

Phylogenetic analysis

Molecular methods permit the use of a number of more sophisticated methods of phylogenetic
reconstruction than the strictly parsimony based methods which are available for the analysis of
morphological data (but see Lewis (2001a) for the application of likelihood models to morphological
data). Distance methods, which involve the transformation of sequence data into a matrix of pairwise
genetic distances, are often rejected in favour of character-based methods since they involve the loss
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of information when constructing of the distance matrix. However, there are often good reasons for
using these methods. For example, Navaagal. (1996a) have shown that base composition
variation may be a problem for COI sequences in mites. The LogDet distance (Letkhatt994)

can correct for this and may be more reliable than character-based methods for analysing this gene.
In addition to maximum parsimony, which will be familiar to morphological systematists, there are
several character-based methods for analysing molecular data that are not available to the
morphologist. These methods, which include maximum likelihood and Bayesian analysis, rely on
statistical models of sequence evolution that describe the rate of substitution at each site. In addition
to providing new ways of constructing trees, these methods also allow a statistical approach to testing
phylogenetic hypotheses (Huelsenbeck & Crandall, 1997; Huelsenbeck & Rannala, 1997; Goldman
et al, 2000; Huelsenbec#t al, 2001; Lewis, 2001b). A detailed discussion of these methods is
outside the scope of this review but for more details see Swadtoatl (1996), Page & Holmes
(1998), Nei & Kumar (2000) and Hall (2001).

Summary

ITS2 and COI together provide a powerful tool for studies of intraspecific variation and phylogenies
of closely related species. 18S rDNA and 28S rDNA are equally useful for phylogenetics at the other
end of the taxonomic spectrum. What appears to be lacking is a set of markers for use at intermediate
taxonomic levels, i.e. between the genus and family. Data from the insects would suggest that 12S
and 16S rDNA might be useful for this purpose but evidence to date suggests that these genes are
disappointingly poor at resolving phylogenies at this level in the mites, perhaps because of their high
AT content (although this is a problem in insects too). The best solution may be nuclear protein-
coding genes. With the exception of a single study usingiEfRgse genes have not been used in

the mites. Candidate genes that have proved useful in the insects include glucose 6 phosphate
dehydrogenase (Sotto-Adanetsal, 1994), phosphoenolpyruvate carboxykinase (Freidlagtczr

1996), dopa decarboxylase (Fatgl, 1997) and wingless (Brower & DeSalle, 1998). Perhaps the
next step should be a comparative study of the rates of evolution of these and other nuclear protein-
coding genes as well as the mitochondrial and ribosomal genes already in use, in a single set of mite
taxa spanning a range of taxonomic levels so that the phylogenetic utility of these genes can be
assessed.
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