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gene. So how did this mitochondrial allele
become fixed in the mite population? As it
turned out, a particular feature of the mitochondria of this T. urticae strain, heteroplasmy, is important for the emergence of
resistance in a population. Heteroplasmy
is the presence of more than one organellar genome sequence in the same individual
cell, in this case the single nucleotide variation of either a cytosine or an adenine in
the gene encoding cytochrome b.

The marble picture
This crucial observation prompted Van
Leeuwen and his colleagues to take a closer look at the mechanism of this particular
kind of non-Mendelian inheritance. Specifically, it allowed them to link mitochondrial genotype and the bifenazate resistance
phenotype. The percentage of mutant haplotypes in individual mothers to a large extent determined the variation in their progeny. Once this heteroplasmy was found and
characterised in different individual mites,
all that remained was to estimate the average number of mitochondrial copies passed
on from mother to offspring. “It’s like taking
ten marbles [of two different colours] from
ten thousand,” if the mother has a known
resistance genotype, then the variation in
the offspring can be measured. “With these
results it is possible to calculate, as a percentage, how big the sample of marbles [of
either colour] is that you have taken out of
the pool.”
From these models, Van Leeuwen realised that T. urticae mothers do not pass
ten thousand DNA copies to their offspring,
but only a few hundred. “The lower the
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amount [of DNA] which is passed through,
the higher the risk for resistance development,” but also the potential for sampling
error. This phenomenon, ‘genetic bottlenecking’, means that mitochondrial genotype frequencies can be very different from
generation to generation, especially in conditions ideal for rapid selection (such as in
the presence of a chemical like bifenazate).
So Van Leeuwen can explain not only how
T. urticae is targeted by bifenazate, but also
why resistant mites quickly gain a foothold
in field populations.
So what’s next for Van Leeuwen and his
group? Understanding why bifenazate specifically targets spider mites will be an important milestone. “If we can understand
why it is so specific, we can use this technology to make other molecules which
are similarly specific.” Another project for
the future is a larger study to find out how
widespread resistance to bifenazate is in
the field. For farmers and growers, who
need to know how best to use the battery
of chemicals at their disposal to make the
most money, this kind of information is like
gold dust.
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T. urticae has been chosen as a model
organism for Chelicerates and its genome
is now being sequenced, to be unveiled in
early 2009. Its release will fuel interest in
research on spider mites and their chemical control, particularly on the nuclear-encoded target-sites and enzymes mites use to
degrade acaricides. Exciting times ahead,
then, for agricultural sciences in Ghent.
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