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研究成果の概要（和文）：寄生生物によるホストスイッチの成功は、新たな資源を獲得し種分化を起こす進化上
の出来事である。観察は困難で世界的なパンデミックの要因である。我々は、外部寄生虫として世界的にミツバ
チ減少をもたらしているVarroa属の二種のダニについて、ホストスイッチの動態の変遷を再現した。このダニが
クローン様に均質とする従来の考えと、世界的に広まる現状には遺伝学的な矛盾がある。我々は数百個体に相当
する遺伝的多様性がホストスイッチに関与することを発見し、ダニが多様なミツバチ集団や殺虫剤に適応する根
拠を見出した。これにより、ダニの動態に関わる変数のうち特に遺伝的多様性がホストスイッチに重要なことが
明らかとなった。

研究成果の概要（英文）：Successful host switches by parasites are evolutionary events that enable 
them to access new resources, and can lead to eventual speciation. Host switch events can be 
difficult to observe, yet they can lead to worldwide pandemics. We reconstructed the demographic 
history of host switches by two species of ectoparasites, Varroa mites, which are the principal 
drivers of worldwide honey bee declines. Varroa mites are believed to be “quasi-clonal”, making 
their worldwide success a genetic paradox. However, we found that the host switch involved the 
genetic equivalent of hundreds of individuals, explaining the remarkable adaptation of the parasites
 to both diverse bee populations and pesticides. These results highlight the importance of 
demographic parameters, particularly genetic diversity, for parasitic host switches.

研究分野： evolution
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研究成果の学術的意義や社会的意義
Our results highlight the importance of demographic parameters, particularly genetic diversity, for 
parasitic host switches

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 
 
Arms races between parasites and their hosts drive evolutionary innovation. Novel 
parasites can decimate host populations or drive them extinct, unless counter-
adaptations evolve. Similarly, parasite evolution accompanies the very act of host 
switching, since it requires adaptations to novel host physiology in order to persist 
and to spread. Because parasite adaptations tend to be host-specific, host switches 
are often associated with host-associated genetic differentiation and eventual 
speciation. However, only the endpoint of this process is typically observed, as host 
switches tend to occur rapidly, and the original host is often unknown. As a result, 
many unanswered questions remain about how parasites acquire new hosts. For instance, 
if host switches are accompanied by a bottleneck due to reduced gene flow from the 
ancestral host, how does the parasite have sufficient genetic diversity to adapt? Does 
gene flow cease completely, or does it continue at a low level, potentially providing 
additional genetic material for adaptations? 
 
 
２．研究の目的 
 
One of the major limiting factors for host switching is the geographic separation 
between parasites and potential hosts. Globalization has eased these barriers, 
sometimes giving rise to pandemics (Hatcher, Dick, and Dunn 2012). As a result, host 
switches are easier to observe and to study in something approaching real time. One of 
the most dramatic and economically important switches involved the two ectoparasitic 
mite species, Varroa destructor and Varroa jacobsoni, which acquired the western honey 
bee (Apis mellifera) as a new host, ~70 and ~12 years ago, respectively (Anderson and 
Trueman 2000; Roberts, Anderson, and Tay 2015). V. destructor, in particular, spread 
worldwide, causing extensive honey bee population collapses, whereas V. jacobsoni has 
so far remained in Oceania (Traynor et al. 2020; Noël, Le Conte, and Mondet 2020). 
Both mites were originally found on the sister species, Apis cerana, and came into 
contact with A. mellifera, which was brought in for purposes of beekeeping (Crane 1968; 
Chantawannakul et al. 2016). These two host switches occurred in parallel and relatively 
recently, allowing the reconstruction of how the host switches took place, using 
genomic tools. 
 
Both switches have been investigated using microsatellite markers and relatively short 
mitochondrial markers, which revealed that in both species, populations parasitizing 
A. mellifera were strongly differentiated and genetically depauperate (Solignac et al. 
2005; Warrit, Smith, and Lekprayoon 2006; Navajas et al. 2010; Beaurepaire et al. 2015; 
Roberts, Anderson, and Tay 2015; Dietemann et al. 2019). While V. destructor, in 
particular, was described as “quasi-clonal” (Solignac et al. 2005), it successfully 
spread worldwide, and has shown a remarkable ability to parasitize genetically diverse 
A. mellifera populations, as well as to evolve resistance to human counter-measures, 
such as pesticides (González-Cabrera et al. 2016). How does a bottlenecked species 
achieve such a level of success? Increasing evidence from population genomic analysis 
of fungal pathogens suggests that the success of many pathogens appears to rely on 
maintaining some level of adaptive diversity despite the presence of bottlenecks during 
host switches (Fry 2016; McMullan et al. 2018), but similar work is lacking in animal 
systems. 
 
 
３．研究の方法 
 
Using whole-genome sequencing on 63 mites collected in their native ranges from both 
the ancestral and novel hosts, we were able to reconstruct the known temporal dynamics 
of the switch using a combination of whole genome sequencing, both nuclear and 
mitochondrial. 
 
 
４．研究成果 
 
In order to answer this question and to gain broader insight into how host switches 
happen, we sequenced genomes from sympatric populations of the two mites across Asia 



and Oceania, collected on both novel and introduced hosts. This allowed us far greater 
power to examine how the host switch took place with much greater precision than was 
possible previously. We found strikingly parallel dynamics at play in both host switches, 
which were characterized by a surprisingly large effective population size at the time 
of the switch and ongoing gene flow with cryptic population genetic processes that may 
have helped Varroa succeed. 
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