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ABSTRACT
Navajas, M., Cotton, D., Kreiter, S. and Gutierrez, J., 1992.Molecular approach in spider mites (Acari:
Tetranychidae): preliminary data on ribosomal DNA sequences. Exp. Appl. Acarol., 15: 21 1-218.
DNA sequence data were used to examine phylogenetic relationships between six species of economically important Tetranychidae mites: Eotetranychus carpini (Oudemans), E. pruni (Reck), Tetranychuspaci’cus McGregor, T. incdanieli McGregor, T. turkestaiiiUgarov & Nikolski and T. urticae
Koch. With primers directed toward conserved elements flanking the target region, the Polymerase
Chain Reaction was used to amplify the ITS2 spacer of the ribosomal DNA molecule. The nucleotide
sequence of a 300-bp fragment of the ITS2 was determined by direct sequencing and nucleotide divergence used for intra-generic comparison in mites. The resulting phylogenetic tree expressing interspecific relationships in genus Tetranychus agrees with morphological data. The study demonstrates
the usefulness of the approach in the assessment of the systematics and evolution of the group.

INTRODUCTION

The family Tetranychidae (66 genera and over 1000 species) includes many
agricultural pests. The systematics of the group was previously based on morphological characters which are not always easy to observe and which may be
variable. Biological and cytogeneticwork has led to phylogenetic hypotheses
(Gutierrez et al., 1970; Gutierrez and Helle, 1985), but the scope seemed
limited. Other techniques were used to improve species discrimination. A few
mite species have been submitted to electrophoretic protein analysis. These
studies were performed in particular on three of the agronomically most important mite species ( Tetrunyelzus mcdunieli McGregor, T.pacificus McGregor and T. urticae Koch). Enzymatic polymorphism was useful in the deCorrespondence to: M. Navajas, Laboratoire d‘Acarologie, INRA, 2 Place P. Viala, 34060 Montpellier, France.
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tection of inter- and intraspecific differences (Ward et al., 1982; Sula and
Weyda, 1983; Grafton-Cardwell et al., 1988; Kim and Lee, 1990).
Molecular analysis in taxonomic classification provides a solid basis for
phylogenetic hypotheses. Advantages of both morphological and molecular
approaches of systematics were discussed by Hillis (1987). Geneticists and
taxonomists have used molecular techniques over the past decade to examine
intra- and interspecific variation in DNA segments. Work on restriction endonucleases was followed by sequencing leading to phylogenetic hypotheses
(Miyamoto and Cracraft, 1992). The Polymerase Chain Reaction (PCR)
(Mullis and Faloona, 1987; Saiki et al., 1988), amplifying specific regions in
the genome using minute quantities of DNA, enables use of the DNA approach on organisms as small as mites.
Sequence comparisons of small subunits of ribosomal RNAs or their genes
can be applied to compare closely and distantly related taxa (Sogin and Gunderson, 1987). Several rDNA regions have been sequenced in a broad range
of eukaryotes (Hillis and Dixon, 1991) . Some regions of the ribosomal genes
are well conserved (coding regions) while others undergo more rapid evolution (noncoding regions referred to as “spacers”). A variable rDNA region spacer ITS2 - was amplified using primers defined in the highly conserved
flanking regions 5.8s and 28s rDNA (Fig. 1 ). Sequences of this 28s region
are known in several eukaryotes (Qu et al., 19881.
This is a completely new approach in mites and we possess no sequence
data, with the exception of a few molecular analyses of a mite neurotoxin gene
in Pyemotidae (Tomaiski and Miller, 1991 ) and mite allergens such as Ixodidae and Pyroglyphidae (Rand et al., 1989; Tovey et al., 1989; Dilworth et
al., 1991;Yuuki et al., 19911 ). We used PCR and chain termination sequencing of the ITS2 rDNA spacer as a first step in the molecular study of mite
phylogenetic relationships to assess the level of variability in six Tetranychidae species.
MATERIALS AND METHODS

Sample preparation and DNA isolation
Mite sources are shown in Table 1. They were either collected in the field
(Eotetranychus carpini (Oudemans),E. pruni (Reck) ) or reared in the laboratory ( T. pacijcus, T. mcdanieli, T.urticae, T. turkestani Ugarov & Nikolski). Whole genomic DNA was extracted from fresh adults ( 1O to 30 individuals). Tissues were digested in 500 pl of extraction buffer ( 1O mM NaCl, 1
mMEDTA, 1O mM Tris, 1Yo SDS) and 1O0 pg/ml of proteinase K at 37 OC
for 2 h. The resulting soluti,onwas extracted twice with phenol and once with
phenol/chloroform. DNA samples were concentrated and desalted on a Centricon 1O0 microconcentrator (Amicon).
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TABLE 1
List of species examined and origin of the material
Species

Host plant

Locality

Eotetranychus carpini (Oudemans)
Eotetranychus pruni (Oudemans)
Tetraiiychuspacificus McGregor
Tetranychus incdanieli McGregor
Tetranychus turkestani Ugarov & Nikolski
Tetranychus urticae Koch

Vitis vinifera L.
Acer platanoides L.
Vitis vinifera L.
Vitis vinifera L.
Pliaseolus vulgaris L.
Sambucus nigra L.

Montpellier (F)
Montpellier (F)
Davis (Ca, USA)
Verzenay (F)
Montpellier (F)
Amsterdam (NL)

ITS-2

ITS-1
ETS 18s

\

5.8s

/

28s

Fig. 1. Organisation of an animal rDNA replication unit (after Hillis and Dixon, 1991 ). Spacer
ITS2 was amplified in mites by PCR. Arrows indicate the position of PCR primers. These primers
are the HC2 (in the 28s region) and the LC1 (in the 5.8s region) in Depres et al. (1992).

M l 2 3 4 5 6

Fig. 2. Agarose gel electrophoresis of amplified ITS2 ribosomal DNA region in several species
of Tetranychidae mites. Size differences were observed between the amplification products of
the studied genera. Lanes 1 to 4: Tetranychus spp.; lanes 5 and 6: Eotetranyclzus spp. Size marker
(M) noted in base pairs.

Enzymatic amplification and sequencing
The polymerase chain reaction was performed in 5O-pl reactions. Amplification was carried out by denaturation at 92 for 1 min, annealing at 54 OC
for 1 min and extension at 72°C for 1 min. The cycle was repeated 30 times.
Amplification products were resolved by electrophoresis in agarose gel and
stained with ethidium bromide to visualize the DNA. Sequences and precise
position of PCR primers are described in Despres et al. ( 1992) (Fig. 1 ).
The amplified products were directly sequenced after centrifugal dialysis
O
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on Centricon 100 microconcentrators; 7 pl of the retentate was used for sequencing by the dideoxynucleotide chain termination method and Sequenase
enzyme (United States Biochemical Co. ). The products of the sequencing
reactions were resolved in 6% polyacrylamide/7-Murea gels. Electrophoresis
was carried out for 2.5 h at 40 mA. Gels were fixed in 10% glacial acetic acid/
10% ethanol, dried and autoradiographed.

Sequence analysis
Sequences were aligned with the aid of the MULTALIN program (Corpet,
1488 ) . The percent nucleotide divergences were calculated by the method of
Ju.kes and Cantor (1969) using the program DNADIST of J. Felsenstein's
package PHYLIP 3.4. A tree was constructed using the program KITSCH in
PHYLIP 3.4. This program builds the tree that minimises the sum of squares
of the differences between the patristic and the measured distances. This
method furthermore assures a molecular clock, i.e. assumes that the rate of
evolution is the same in all branches of the tree.
RESULTS

The ITS2 spacer of ribosomal DNA was amplified in the six Tetranychidae
species listed in Table 1. Size differences were observed between the amplification products of the two studied genera (Fig. 2). A fragment of 200 to 300
nucleotides of the 3' end of the ITS2 region was sequenced. Pairwise comparisons cmf nucleotide positions (Fig. 3 ) showed a low substitution rate within
eqch genus and good alignment is thus possible. In contrast, there were consiaerable divergences between the two genera and sequences were aligned independently at generic level (Fig. 3A and B ) . Percent of nucleotide divergences between the Tetranychus species varied from 1.4%between T. urticae
and T. turkestani to 1.7% between T. mcdanieli and T. pacificus (with 3 and
2 insertions/deletions respectively between the two pairs of species). These
divergences reach 10%between T. urticae and T. pacificus ( 4 insertions/deletions ) . In the genus Eotetrunychus, the nucleotide substitution rate between
the studied species is 7.6% ( 8 insertions/deletions) .
Sequences of the genus Tetranyehus were processed in a phylogenetic tree
to express the relationship between species (Fig. 4). Two clusters clearly appear from this analysis: T. urticae and T. turkestani on one side and T. medanieli and T. pacificus on the other side.
Fig: 3. Comparison of the mite sequences of the 3' end of the ITS2 ribosomal DNA region.
Sequences of the two studied genera are aligned independently: (A) Tetranychus spp. (B)
Eotetrunychus spp. Tetranychidae species were aligned by reference to the consensus sequence
(with identities denoted by hyphens and deletions represented by dots).
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Fig. 4. Phylogenetic tree obtained from four species of Tetranychus mites. The sequences considered are those of Fig. 3. The scale below the tree gives the percent of nucleotide divergences.

DISCUSSION

The variability of sequences enabled good separation of the various species
and appeared to be suitable for examining phylogenetic relationships within
each genus. In contrast, the differences between genera were too great to enable proper alignment of sequences. This important sequence divergence between genera was accompanied by a difference in size of about 100 bp between the products of amplification (Fig. 2). Clearly, more conserved regions
of the genome must be analysed to resolve the phylogenetic relationships at
this higher taxonomic level.
The phylogenetic tree (Fig. 4) of the genus Tetranychus is in agreement
with the morphology. Apart from a slight difference in the shape of the aedeagus, T. mcdanieli and T.pacificus appear to be very similar and display little
sequence divergence. Although a clear distinction can be made between T.
urticue and T. turkestani in the shape of the aedeagus, they are morphologically and molecularly close. This is in agreement with the geographical origin
of the species studied: T. urticae and T. turkestani probably originated in Eurasia, while T. mcdanieli and T. pacificus are from North America. In contrast
however, E. pruni and E. carpini display relatively substantial nucleotide divergence and are from the same area and appear to be morphologically very
close, according to conventional criteria, except for a slight difference in the
shape of the peritreme end. One might therefore wonder whether the systematics of all the Eotetranychus species close to this group should perhaps be
revised.
It is interesting to note that while the studied Tetranychus species are polyphagous, the studied Eotetrunychus live on one or only a few plant genera.
This feature and the sequence analysis above raises the more general question
of whether specialisation on a host plant can lead to speciation in phytophagous mites. Our data also raise the question of the reliability of morphological
characters for the understanding of the evolution of the group.
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In this study, the DNA from several individuals of each species was pooled
and the resulting sequence represents the consensus sequence of the species.
It will subsequently be interesting to analyse the intraspecific variability of
the DNA fragment studied.
The sequences of various rDNA domains are becoming available for a wide
range of organisms. However, the data presented here for several Tetranychidae species are the first ITS2 sequences studied in mites. We took advantage
of the conservative fragments of the ribosomal gene to' initiate the examination of DNA sequences from taxa about which we have no previous sequence
information. Our approach provides new features for use in conjunction with
traditional morphological criteria and with biological features for the assessment of the systematics and evolution of the group.
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