


Fig. 3. Protein profiles of 3 Tetranychus species. Lanes 1-2: T. kanzawai; 3-9: T. piercei; 10-12: T.
urticae. The 20 most abundant protein bands were marked with spots in SDS-polyacry-
lamide gel with the help of densitometer scanning.

Table 4. Matrix of genetic distances calculated from the differences of total proteins in 4
spider mite species, Tetranychus kanzawai (k1, k2, k6, k7, and k8), T. truncatus (1),
T. piercei (p1), and T. urticae (ul), with Nei's equation (1978).

k1(9)* k2(6) k6(3) k7(3) k8(3) t1(3) pl(3) ul(3)
k1
k2 0.180
k6 0.265 0.192
k7 0.319 0.244 0.130
k8 0.186 0.198 0.121 0.118
t1 0.317 0.310 0.259 0.349 0.246
pl 0.399 0.470 0.406 0.506 0.447 0.367
ul 0.370 0.382 0.260 0.347 0.211 0.305 0.420
4 Sample size in parentheses
k8 (N=3), t1 (N=3), pl (N=3), and ul Furthermore, all these 5 populations

(N=3), yielded a distance matrix by
using Nei’s unbiased distance (Table 4).
A phenogram was then constructed by
using UPGMA (Fig. 4). The phenogram
showed that 7. kanzawai populations
were clustered into 2 subgroups, 2
Taipei populations (k1 and k2) and 3
Nantou populations (k6, k7, and k8).

Protein variation and inter-species relationship of Tetranychus

formed one larger group separate from
the other species. The most closely.
related species are T. kanzawai and T.
truncatus. T. urticae is the next closely
related one to the former group. T. pier-
cei joins them in the dendrogram with
a larger genetic distance.
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Fig. 4. The dendrogram of 4 spider mite species, Tetranychus kanzawai (k1, k2, k6, k7, and k8),
T. truncatus (t1), T. piercei (p1), and T. urticae (u1) based on the genetic distances of Table
4 and constructed by the UPGMA clustering method.

Discussion

A phenogram constructed on the
basis of overall similarity can still possi-
bly reflect phylogenetic relationship as
long as the characters used have a
genetic basis and the rate of accumula-
tion of differences is constant. By total
protein comparison, what we see is the
accumulation of mutations after species
divergence instead of the difference of
speciation genes. To test the reliability
of this method, we adopted 5 popula-
tions of T. kanzawai as control. The
results showed that the genetic
distances of intra-specific populations in
T. kanzawai were indeed smaller than
those of inter-specific ones. This means
that these analytic procedures can
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group conspecific populations together
without mixing them with other
species. Again, populations from the
same locations also showed smaller
genetic distances than those from differ-
ent locations for the same species. This
reliability indicates that the topology of
these 4 species may reflect their phylo-
genetic relationship.

No information of inter-specific rela-
tionships among these 4 species by
either morphological or other criteria
has been published before. Therefore
the relationships among them recon-
structed by the major protein data can
not be compared with phylogeny recon-
structed by other methods. Our isozyme
analysis was used as a separate data
set to supply limited information which




could be useful for the comparison.
After surveying variations of some
enzymes in these 4 mite species, 2
enzymes, we determined that APH and
G6PDH showed adequate variation and
would be useful for species comparison.
T. kanzawai, T. truncatus, and T. urticae
have the same APH zymograms, and 7.
piercei can be easily identified by either
the APH or G6PDH pattern from a
single female. G6PDH showed that T.
urticae is more closely related to T.
kanzawai than to T. truncatus, but in
the phenogram of total protein composi-
tion T. kanzawai and T. truncatus are
the most closely related  group.
However, most 7. truncatus individuals
have the same G6PDH patterns as the
other 2 species, and the genetic
distances obtained from protein data
among the 3 species are similar. The T.
kanzawai, T. truncatus, and T. urticae
triad was not solved in this study and
isozyme patterns can not be used as an
identification tool for these 3 species.
Both isozyme patterns and major
protein composition showed that T.
kanzawai, T. truncatus, and T. urticae
are closely related to each other, and
they are distantly related to T. piercei.

If the phenogram can reflect
phylogeny, there are 2 advantages for
doing phenetic analysis of mite species
by this method. First, it is fast and
simple, and therefore a large number of
samples can be analyzed in a short
time. Second, the ability to analyze the
protein composition of a single mite
allows intra-populational comparison,
and further studies of population genet-
ics. The two dimensional electrophoresis
(2DE) of mites lacks these 2 advan-
tages because a single mite is not
enough to be analyzed. By using 2DE,
total protein differentiation has been
widely used to study phenetic relation-
ships of a variety of organisms such as

rodents (Aquadro and Avise, 1981),
mosquitoes (Imajoh, 1981), and Droso-
phila (Ohnishi et al. 1983a; Ohnishi et
al., 1983b; Ohnishi and Watanabe, 1984)

However, the protein content of an
individual spider mite is insufficient to
be analyzed by 2DE. At least 100
female citrus red mites (Panonychus
citri) or 70-100 adult female Schizote-
tranychus were required for a 2DE anal-
ysis (Osakabe and Sakagami, 1993;
Osakabe et al., 1993). Therefore, our
silver staining method for the total
protein composition of a single mite is
a good candidate for the analysis of
inter-specific relationship and popula-
tion genetics in mites and other small
arthropods.

MDH and PGI shared the same and
homogeneous types in these 4 spider
mite species in Taiwan and could not
be used analyzing the genetic relation-
ships of these species, whereas T. pacifi-
cus can be distinguished from T. urticae
and T. turkestani in California by the
same 2 enzymes (Ward et al., 1982;
Grafton-Cardwell, 1988). Both Goka
and Takafuji (1992) and Hinomoto and
Takafuji (1994) showed that dimeric
PGI locus in Japanese populations of
the two-spotted spider mite were poly-
morphic with F and S alleles. Gotoh et
al. (1993) showed that there were 5
alleles shown on the locus in the cucum-
ber strain of the two-spotted spider
mite whereas only one allele in the
tomato strain in the Netherlands. The
lower variability of the 2 enzyme loci
in Taiwanese populations of the spider
mites than those of either the Japanese
or the Dutch populations are likely due
to either sampling error or a past
bottleneck in Taiwanese populations,
resulting in a reduced number of alle-
les and in a lower amount of overall
heterozygosity (Nei et al., 1975). To
know whether Taiwanese populations
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are really of low genetic variation, it is
necessary to collect more samples for
the analysis of these 2 enzymes.

The results of the nonspecific
esterases showed high genetic variabi-
lity within and between populations.
The high variabilities in the nonspecific
esterases were consistent with the
results of the studies such as Sula and
Weyda (1983}, Grafton-Cardwell et al.
(1988), and Gotoh et al. (1991). Nonspe-
cific esterases showed too high variabi-
lity to be used as a proper candidate
for the distinction of these mite species.
However, the enzymes can be useful for
studying population structure of mites.
Ward et al. (1982) found that within
collecting locations (fields 600 m? in
area), the genotype frequencies did not
detectably deviate from the Hardy-Wein-
berg expectations in populations of
either T. uwrticae or T. turkestani by
using the MDH-2 locus as a genetic
marker. By using the PGI locus as a
genetic marker, Hinomoto and Takafuji
(1994) found that the genotype frequen-
cies fitted the Hardy-Weinberg equili-
brium within single leaflets. However,
genotype frequencies of a sub-popula-
tion, which consists of several leaflets,
deviated from the Hardy-Weinberg equi-
librium. The T. urticae and T. turkestani
populations (Ward et al., 1992) were in
an open field where long-distance
dispersal of mites by the aid of wind
would be more frequent than T. urticae
populations in a vinyl-house studied by
Hinomoto and Takafuji (1994). The
genotypic frequencies of the 2 esterase
loci (Table 3) of T. piercei pl popula-
tion, which was collected from a Rubus
plant in an open field, also confirmed
the above prediction.
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