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Abstract. DNA sequence data were used to examine relationships between the two sibling species Tetranychus
pueraricola Ehara et Gotoh and Tetranychus urticae Koch. The second internal transcribed spacer (ITS2) of the
ribosomal DNA was amplified by PCR and sequenced. The ITS2 sequences of these two species displayed a high
degree of identity (98.3%) comparable to the nucleotide divergence observed in other pairs of closely related
species. These data confirm the species status of T. pueraricola and are in agreement with previous results based
on morphological analyses and crossing experiments. Furthermore, restriction-site analysis of the ITS2 region was
performed in order to detect species-specific diagnostic restriction sites. Thus, the efficiency of molecular markers
as a tool for determining the taxonomic status in spider mites was shown.
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Introduction
Tetranychuspueraricola Ehara et Gotoh is considered to be a
sibling species of Tetranychus urticae Koch (Ehara & Gotoh,
1996). Although one of the diagnostic characters, the shape of
the aedeagal terminal knobs, is very similar in the two species,
T. pueraricola may be distinguished from T. urticae by different
morphological and biological characters such as the length of
the terminal knob of the aedeagus, the shape of the lobes on the
dorsal hysterosomal striae of females, and the appearance of
feeding scars on host leaves. Crosses between T. urticae and T.
pueraricola unidirectionally produce FI female adults which are
either sterile or lay only non-viable eggs (Gotoh & Tokioka,
1996), so that the two species are incompatible with each other.
Such interspecific crosses have often been used to confirm the
species status. Several authors (Newcomer, 1954; Helle & van
de Bund, 1962; Smith, 1975; Jordaan, 1977; Hill & O'Donnell,
1991) attempted to cross 13 different Tetranychus species in
different combinations. However, no hybridization occurred
except in crosses between Tetranychus hydrangeae Pritchard et
Baker and T. urticae, in which a few sterile females were
produced (Helle & van de Bund, 1962).
Tetraitychus pueraricola may be considered to be morphologically and genetically very close to T. urticae and so experience
is required to separate these two species using morphological
traits. Advances in molecular biology, in particular the comparison of nucleotide sequences of specific DNA regions amplified by the polymerase chain reaction (PCR) followed by either
restriction fragment length polymorphism (RFLP) analysis or
direct sequencing of PCR products, may help to distinguish
between closely related species. The ribosomal DNA (rDNA)
genes have been recognized to be useful for assessing the

relationships between species: rDNA is highly repetitive and
contains variable regions flanked by more conserved regions
(Hillis & Dixon, 1991). The first property enhances PCR
amplification because many templates are available for initial
priming, whereas the second allows primers to be designed for
conserved regions, which are the coding regions, and to amplify
the variable regions, i.e., the two internal transcribed spacers
(ITS1 and ITS2). Ribosomal DNA sequences are thus becoming a general tool for both taxonomic and phylogenetic studies.
In addition, ITS sequence data have been used for distinguishing species of arthropods, mainly in insects (Wesson et al.,
1992; Campbell et al., 1993; Fritz et al., 1994), and they have
also proved to be useful in solving spider mite affiliations
(Navajas et al., 1992, 1994, 1997) and for research on eriophyid
mites (Fenton et al., 1995) and ixodid ticks (Wesson et al.,
0
1993; McLain et al., 1995).
In the present study, we analyzed variations in nucleotide
sequences in the second internal transcribed spacer, ITS5 of
the ribosomal DNA in T. pueraricola and T. urticae in order to
better understand the relationship between these sibling species.

Materials and Methods
Specimens of T. pueraricola were collected at Hitachi-Ohta,
Ibaraki, on kudzu vine, Pueraria lobata (Willd.). DNA was
isolated from single individuals and an aliquot of the extracted
DNA was used as a template for PCR amplification of the
ribosomal ITS2. The primers used were defined in the flanking
5.8s and 28s regions. Extraction and PCR methods, primers
and subsequent direct sequencing procedures were performed
as described in detail by Navajas et al. (1997). Four individuals
were treated separately for assessment of intrastrain variation.
The ITS2 sequence obtained for T.pueraricola was compared
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Fig. 1. ITS2 sequences 5' to 3' of Tetranychus urticae and Tetranychus pueraricola. Flanking sequences corresponding to 5.8s and 28s
genes are also included. Dots signify that the sequence matches whereas dashes represent insertion/deletions. Differences between both
sequences are shaded and the recognition sites for the restriction enzyme Rsa I are boxed.

Fig. 2. Restriction fragment length differences of ITS2
sequences of two tetranychid species. PCR-amplified
products derived from a single mite DNA were digested
with the restriction enzyme Rsa I. Lane 1: size marker, 100
bp ladder; lane 2: Tetranychus urticae; lane 3: T.
pueraricola.
to that previously obtained for T. urticae based on 18 samples
collected worldwide on a variety of host plants (Navajas et al.,
unpublished data).
For RFLP analysis, the PCR products obtained for both
species were digested by the enzyme RsaI and the resulting
fragments were separated by electrophoresis on a 1.2% agarose
gel and stained with ethidium bromide.

Results and Discussion
The alignment of the nucleotide sequences of the rDNA
ITS2 and flanking 5.8s and 28s regions of T. pueraricola and
T. urticae is shown in Fig. 1. The sequenceshave been deposited
in the EMBL database under the accession number X99881 and

Y13609 for T. urticae and T. pueraricola, respectively. The
boundaries of the ITS2 were determined by homology stretches
in the two flanking regions as classically displayed by those
sequences. No intrastrain polymorphism was detected in the
ITS2 sequences of the samples. The length of the ITS2 sequences of T. urticae and T. pueraricola was 481 and 483
nucleotides, respectively. The two ITS2 sequences displayed a
high degree of identity (98.3%) and the differences observed
involved 7 point mutations (2 transitions and 5 transversions)
and an insertion/deletion.
Comparison with data obtained for other closely related
tetranychid species is needed for a full explanation of the
sequence divergence between T. urticae and T. pueraricola.
Similar nutleotide divergences have been observed in other
comparisons between morphologically similar species such as T.
urticae and T. kanzawai Kishida or T. mcdanieli McGregor and
T. pacificus McGregor. The ITS2 sequences were 98.8%
homologous in the former pair and 97.5% homologous in the
latter pair (Navajas et al., 1997). These data support the
species status of T. pueraricola and are consistent with the
previous results of morphological studies and cross-breeding
tests.
However, nucleotide sequencing is expensive and laborious,
and thus a quick species-diagnostic test based on RFLP techniques would be of great value. It is possible to find differences
between species in the ITS2 sequences as presented here. The
recognition site for Rsa I (GTAC) was observed at positions
177-180 and 341-344 in the T. urticae ITS2 sequence (Fig. l ) ,
while it was present only at the former position in the T.
pueraricola sequence. In addition, a mutation at position 413 in
the T. urticae sequence disrupts a recognition site of the enzyme
Dra I (TTTAAA) that is present in T. pueraricola. Both sites
can therefore be used to discriminate between the two mite
species. The potential of the restriction fragment length differences in the ITS2 for distinguishing the two species is illustrated
in Fig. 2. In this figure, Rsa I digestion of the PCR-amplified
ITS2 derived from a single mite DNA clearly shows that the T.
urticae sequence produces 3 fragments (implying 2 recog nition
sites), while the Rsa I restriction profile of the ITS2 sequence of
T. pueraricola yields only 2 fragments (implying a single
recognition site).
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Our present approach is based on the fact that the sequences
obtained are homogeneous for the species. Intraspecific variation in T. urticae has been extensively investigated in a worldwide survey including 18 samples from four continents, and the
results indicate homogeneity of the ITS2 sequence in these
species (Navajas et al., unpublished data). Polymorphism of
the ribosomal spacer sequences has nevertheless been detected
in some arthropods (Vogler & De Salle, 1994) including spider
mites (Navajas et al., 1994). A test relying on restriction site
differences between the two species postulates that the ITS2
sequence in T. pueraricola is not polymorphic, at least in the
Rsa I and Dra I target positions. This point requires further
confirmation.
The results presented here confirm the species status of T.
pueraricola by discriminating it from T. urticae. We have
shown that the molecular approach is useful for solving
taxonomic problems when diagnostic morphological traits are
scarce. Although species may be usually identified by morphological characteristics, it is important to confirm by
molecular means if slight morphological differences are reliable
for distinguishing species.
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Résumé en francais : Les résultats d’analyses de séquences d’ADN ont été utilisées pour esanliner les relations
entre les deux espèces soeurs Tetranychuspzieraricola Ehara et Gotoh et Tetraiiychus irrticae Koch. L’ITS2 de
l’ADN ribosomal a été amplifié par PCR et séquence. Les séquences de I’ITS2 de ces deus esptces présentent
un haut degré d’identité (98, 3 %), comparable à la divergence nucléotidique notée dans les autres couples
d’espèces très voisines. Ceci confirme le statut de T. pueraricola et est en accord avec les résultats précédement
obtenus par les analyses morphologiques et les croisements. De plus une analyse des sites de restriction de
l’ITS2 a été réalisée pour détecter leur spécificité. L’éffícacité des marqueurs moléculaires comme outil de
détermination du statut spécifique des tétranyques est une fois de plus démontré.
Résumé en analais : DNA sequence data were used to examine relationships between the two sibling species
Tetranychuspueraricola Ehara et Gotoh and Tetranychus urticae Koch. The second internal transcribed spacer
(ITS2) of the ribosomal DNA was amplified by PCR and sequenced. The ITS2 sequences of these two species
displayed a high degree of identity (98.3 %) comparable to the nucleotide divergence observed in other pairs of
closely related species. These data confirm the species status of T. pueraricola and are in agreement with
previous results based on morphological analyses and crosssing experiments. Furthermore, restriction-site
anlysis of the ITS2 region was performed in order to detect species-specific diagnostic restriction sites. Thus the
efficiency of molecular markers as a tool for dtermining the taxonomic status in spider mites was shown.
L e s t i t r e s , mots-clés matières e t résumés e n Anglais s o n t indispensables
pour les documents d e s t i n e s à e n t r e r d a n s les Bases A C l ? I S e t ASFA ( A q u a t i c
Scienc=.s and F i s h e r i e s A b s t r a c t s )

