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[Webinar begins]

Gabrielle Vivian-Smith: 
I’ll kick off today. My name is Gabrielle Vivian-Smith and I am the Australian Chief Plant Protection Officer. We do have a few people still joining us but we will go through the introduction and housekeeping and we will kick off our webinar. So today we have a webinar topic on Using evolutionary genomics to help manage the Polyphagous shot-hole borer and other pests and our speaker is Doctor Tom Schmidt from the School of Business, sorry Biosciences in the Faculty of Science at the University of Melbourne.
Before we start, I'd like to acknowledge the traditional owners and custodians of Country throughout Australia, and acknowledge their continuing connection to land, waters and community. I pay my respects to the people, the cultures and the elders, past and present.
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And I extend that recognition to traditional custodians of all other lands on which were gathered today and to Aboriginal and Torres Strait Islander people who are attending our ACPPO webinar.
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So welcome everyone. In terms of ensuring we have a smooth run today can you please ensure you have your video off and your microphone on mute. Please put any questions in the chat when you think of them, but we will have time at the end of the presentation to handle these questions that are in the chat, or alternatively you can put your hand up after the presentation.
Please note this webinar is being recorded and it will be available after the webinar. It usually takes a little bit of time – it is not immediately out after the webinar. And I’d also like to now introduce Tom. I’ve given you the title of the webinar today and our speaker’s name but Tom is an evolutionary geneticist who studies recent change. Most of his work focuses on invasive insects with specific applications in biosecurity and pest management, and with additional themes relevant to conservation. More broadly, his work investigates how species adapt and move through changing environments.
So without further delay I’m going to hand over now to Doctor Tom Schmidt.
[Video begins]

Tom Schmidt: Thank you very much. Hopefully you can all that fine. Now, thanks very much for this opportunity for me to talk about my work. Before I start talking about specifics, I'd just like to unpack a bit what I mean by this title. So when I say evolutionary genomics, most of my work really is not focusing on deeper evolutionary patterns. What I'm really looking at are patterns within species, so looking at relationships between populations within a species and then among individuals within a population.
So when we So think about evolution as being as it relates to a giant tree of life, really this is focusing on the very tips of the evolutionary tree. So we're looking at fine scales and when we're looking at evolution, the key scale is always the temporal scale, which we can think of in units of generation. So we're looking at change as it occurs from one generation to the next.
Now, of course, once we go from the lab out into the field, we're looking at a population of pests in an urban area or out in an agricultural region, every temporal scale has a corresponding spatial scale and the spatial scale relates to the temporal scale through the dispersal biology of the organism and things can get quite tricky here, when you're thinking about pests because we can have, for instance, a pest like the shothole borer.
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Now a female can fly to disperse and she may be able to fly distances of a few 100 metres in a generation, but then we can also, of course, have situations where a beetle gets moved thousands or tens of thousands of kilometres in the same unit of time. So spatial scales can be a bit tricky. But it is important to keep these in mind, because really when we're thinking about using genomics and biosecurity we're interested in both of these processes. So we're interested in this long distance movement that is the movement that establishes pests in new areas like the shothole borer that invaded Perth, but then also we're interested in the other movement that happens after the pest has already become established.
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Now I've been working on biosecurity genomics since 2017, when I started a project with the DAFF or its previous incarnations, and this project was looking at mosquitoes. And I'll just go through a few case studies on mosquitoes now because the vast majority of my work has been on mosquitoes, but these methods and approaches are going to be broadly applicable across pests generally. In this case, we're interested in a growing number of exotic mosquitoes showing up at Australian airports and seaports, and the question can we use evolutionary genomics to work out where they're coming from. And the way we do this we put together a genomic data bank. So, we got samples from as many places we could across the Indo-Pacific region and we sequenced the DNA and then we sequenced the DNA of the mosquitoes in Australia and then these lines, you can see that that shows where we intercepted a mosquito in Australia and then traced it to its origin.
Now, by far the most common origin of mosquitoes into Australia, they came from Bali in Indonesia and these data were actually used in discussions with Indonesia about biosecurity. And since then we've now received far fewer incursions from Bali. So this is a good example of where we can use evolutionary genomics to answer a very specific question and then get specific results from that can be acted upon and improve our biosecurity outcomes.
Now what you will also see from this figure is that there are two mosquito species. These are the two dengue mosquitoes, and if you look at where they're coming from, they're coming from completely different locations. So Aedes aegypti is mostly coming on aeroplanes from tourism locations. Aedes albopictus is mostly coming on boats from trading partners. So this is a really clear demonstration that we can't make generalisations across genuses or genera. We'd have to look at each species in turn potentially because we were just look at one of these mosquitoes and then presume all mosquitoes in Aedes or all mosquitoes have similar incursion routes, we would be getting it completely wrong. So species specific information is important.
Here's a much more recent result from a few months ago. In this case, an Aedes aegypti mosquito was found at a domestic terminal in Australia and we went to trace it thinking it was going to come from somewhere within Australia. We were wrong. It actually came from Port Moresby as you can see here by the cloud of red points. So here what we're getting is a specific narrative around a biosecurity breach. We had this mosquito, it starts off in Papua New Guinea, it gets on an airplane arrives at an Australian to an international airport and gets through biosecurity there and it is eventually caught flying around a domestic terminal. So we can get a specific story from this sort of work. We can also get some pretty impressive results at very fine scales. This is this is a top-down view of the Torres Strait Islands and basically these islands are all about all about two to three kilometres from each other. And why Waiben and Ngurupai did not have the mosquito on it Aedes albopictus the other two do. And those two clouds are points, the yellow points and the red points, there are two mosquitoes, both collected on Waiben at the start of 2024. You can see basically there is very little, it is very clear to work out which island each mosquito had its origin in. So we can trace this even at two to three kilometres apart.
10:30
So I’ll just finish up with mosquitoes here on this study that came out last year and this is a bit different here, because what we have is this using the same data. Our genomic data don't really produce, but not looking for specific questions in biosecurity, but here using it for general evolutionary analysis of how adaptation takes place on a global scale. What we found out here is actually specifically relevant to biosecurity and pest management, because this was an analysis of insecticide resistance. Now, in Aedes mosquitoes we are usually looking at one specific gene. We look at the sodium channel gene, ADR mutations are at this gene and we found all sorts of patterns of that gene, but also a whole set of other patterns and this other set of genes called GST epsilon class genes. And the critical thing is well, we never find any KDR mutations in Australia.
We have been thinking Australian mosquitoes do not have insecticide resistance. We found here a big pattern of a selective sweep through the Australian populations, indicating that resistance has evolved in one of these populations and then spread through the other populations. Without setting out to find anything specific to biosecurity, we ended up with a useful result. That really leads me to this particular diagram and this is a fundamental idea underlying my work and how I think that evolutionary genomics can be used in biosecurity, as part of a government and university collaboration. We can build a single dataset which is a genomic data bank and we can use that dataset to answer very specific questions that are relevant for stakeholders. We can also use it to answer specific questions that are interesting in evolutionary biology, but the findings from each approach can inform the other.
So this has worked very well for mosquitoes, and this is the sort of thing I'm now using in my work on plant pests, including the polyphagous shot-hole borer (PSHB). So I'll start getting into the polyphagous shot-hole borer now. Now this, is as many of you, or maybe everyone here knows is a very bad pest that was got into Perth or at least discovered in Perth in mid-2021. I've actually been working on the polyphagous shot-hole borer since, I think, the very start of 2020 because the dataset I'm going to present here is actually a dataset collected in collaboration with some South African researchers at Stellenbosch University.
You can see here the distribution of samples here. We have lots of samples from South Africa and then a handful of samples from other places. Two from China, some from Los Angeles, San Diego and Florida. There's 174 samples in total. Now when you see the number SNPs up here, these are the data points these are the molecular markers. This was all with reduced representation sequencing. So if we upscale in future work to hold genome sequencing, every time you see a number of SNPs, you can imagine the whole genomes. It'll be about 50 to 100 times as many data points. But even so, even with this many, we can still get an awful lot of analysis done.
So here we've got shot-hole borers from across the range and this actually covers multiple cryptic species within the taxon. So here we have a dxy absolute divergence tree that links up these populations. We have. Florida is the Tea shot hole borer. San Diego is the Curacao shot hole borer and then we have samples from two populations or two lineages from South Africa. I'll get to that in a moment. And that actually includes Los Angeles as well.
And then the Chinese populations, which are probably also polyphagous shot-hole borer, but they're clearly very differentiated from the other samples we have. Looking at those same data, this time with a DAPC (Discriminate Analysis of the Principal Components) we can see basically the Curacao tea shot hole bore is very, very distinct and then we have this big cluster of points around the top here and I'm really just going to focus on these samples here. And that is168 of these samples.
So this is really just within South Africa from across South Africa and then Los Angeles. And if you look at the figure on the left, the DAPC, you can see there's an enormous amount of genetic structure here. What we're seeing are seven different clusters, genetic clusters, and they're all very, very distinct from one another. Because these species inbreed so much, they're basically the individuals within each cluster that are genetically very very similar and they're very different to everything else. In fact, if you see where that dotted black square is around the black circle, that black circle is actually 120 samples, and you can see them on the map here, everywhere you see a black circle that's one sample from in there.
So there is almost no genetic difference between Los Angeles and all of these South African samples for instance. And then if you look at the zoomed in section of the map, you can see that particular cluster is all over South Africa, and then we get to around Durban, the KwaZulu-Natal region and there's always other genetic diversity, and that's all these other DAPC clusters two through to seven. 
Now what's actually driving this is that there have been two lineages that have invaded South Africa. One probably in KwaZulu-Natal, one probably somewhere else, somewhere in the west, perhaps that has been spread into KwaZulu-Natal then they have hybridised and produced five or more hybrid clusters. The two core clusters, the original ones, if you look at the DAPC are cluster one in black and cluster seven in dark blue. All the other clusters are produced by hybridisation between those two original lineages.
So the inference we get from that is first of all cluster one is almost identical to the reference assembly, very, very few alleles are different from that now. It's notable that the reference assembly was produced from an individual from Perth, so that shows that Perth has got cluster one in it. Now that's not saying that all of the polyphagous shot-hole borer input are part of this cluster because clearly there's a lot of variation in South Africa, but we do know that particular cluster is present in Perth. So that's the one found across South Africa and also in Los Angeles. We also have this other cluster, cluster seven. We don't know where this one's from originally. It's very, very distinct and then it's hybridised and produced a bunch of hybrid clusters that are sort of in between the two original clusters.
Another way of looking at this is with private alleles. This genetic variation that's only found in one of the seven clusters. Now if we look at trios of clusters, so three at a time, we can see that basically all of those hybrid clusters, clusters two to six, they have got no genetic variation in them that is not found in the two original clusters, so they're entirely in between. They have nothing specifically unique about any of them. So this really supports the original contention that there are two lineages that have been produced hybrids after invading South Africa.
So what's actually driving this? Here's what I think is going on. We look at the top here in the centre, a single lineage. We have a tree that gets attacked by a female, she establishes a brood gallery. She will produce a bunch of female offspring and then a few male offspring, and then the males will then reproduce with the females there and then produce successive inbred generations that are almost all identical to one another. But what happens when you have a tree that gets invaded by two very distinct lineages? Well, we have that in the top left there you can have two brood galleries get so you can have for instance a tree gets attacked by an initial one that will excavate a brood gallery and then as the beetles, this is proof, this is evidence that the beetles are attracted to trees that have already been attacked, which is something that has been talked about before as well.
So if you have the trees already being attacked, it already has a brood gallery. Another lineage shows up, digs its own brood gallery, and then a male from one of the backgrounds can then enter the other brood gallery and start producing new offspring, and those will be hybrid offspring. As you see here, the F1 hybrids that are two different colours are two different chromosomes. They're two different colours there. Those females of that new F1 hybrid offspring generation will then disperse out and dig their own brood galleries in other trees, but then when they go to produce offspring their chromosomes will recombine. And what's happening there, is they're exchanging genetic variation at the level of where they're producing gametes so that these chromosomes end up with these sort of unique mosaic patterns that are made-up of the two original clusters.
What happens then is within the brood gallery, these lines will then reproduce by inbreeding and recombination will still take place. But each generation, the total number of different chromosomes will reduce so you are just left with one, and each individual within that hybrid lineage will just have two copies of the same chromosome. So every individual within the lineage will be very, very similar to every other individual with the lineage, but there will be very different to every other hybrid lineage because they all have individual specific patterns of recon=mbination. We can see evidence of this in around the Durban region and what's really nice because the hybrids have got individual specific signals in their chromosomes, we can actually track them as they spread.
If you look here on these maps, basically in each map there are there are six circles. Those are six trees where we found borers. Where the circles are filled, that means that cluster was present there. If you want to know where cluster 1A was found, you look at the top of the map, that's Durban Botanic Garden, you look at cluster one and then down to the bottom, clusters four to seven cluster 17 are there as original lineages. There's actually one tree where both of those lineages were found, and that tree also has a whole bunch of the hybrid lineages, as does another tree right near to it. We can actually observe this by getting the exact tree where hybridisation has taken place.
What's interesting next is if you look in between clusters two and three, they're actually found across different trees in different areas. They are about 50 km apart, so cluster two is Botanic Garden, but it's also spread to Simbithi Eco Estate. So if we track that movement, as people have moved tree material from the Botanic Garden to the Eco estate or possibly the other way, but probably from A to B, and then cluster three has a similar pattern as well. We can actually track the specific movement of hybrid backgrounds based on the various., based on this pattern of hybridisation followed by recombination followed by inbreeding gets us a very, very specific genetic signature.
One thing we can't do is use mitochondrial DNA for this, because when we looked at the CO1, so the CO1 mitochondrial DNA barcode, there were two main barcodes found in South Africa, H33 and H38, and they were both found in every single hybrid cluster, including the two original lineages.
If we had information that an individual had a specific CO1 haplotype, it would tell us nothing about which nuclear background it has. We can see overall the cluster 1 had mostly H33, cluster 7 had mostly H 38. Now, this single Perth individual, we have the sequence data from cluster 1 and it also has an H38 mitochondrial haplotype. As I said, we don't know anything about Perth from the nuclear background, except that it definitely has cluster 1 in it. It might have multiple different nuclear backgrounds. It might just have one. Now let's say it just has one background. It just has the single Cluster 1 background where there's very little genetic variation. There's 120 individuals or 121 almost genetically identical. Within this group there are only 35 informative SNPs looking at genetic structure, which is not many.
But it turns out probably because of the inbreeding nature of the beetles’ biology, we can still find quite a bit of genetic structure. You can see here. This is a PCA looking at PC 1, 2,3 and 4. And there's this structuring along PC1. There's some structuring along PC-2 as well. And then there's this PC4 bit coming out here, and this actually contains both of the Los  Angeles samples. So we can still find patterns even without many SNPs. Again, if we have whole genome sequencing, we can multiply these numbers by between 50 to 100 for the number of data points we have.
Now, finally, I'll just talk about this. Really, I think this is a fantastic, interesting result. I'm not sure if it has a specific biosecurity application yet, but I have to talk about it because it's just really interesting evolutionarily. 
24:21
What's happening here is that the beetle as I've said, is very, very inbred. The inbreeding is resulting in it having very, very little genetic variation within each hybrid lineage. Within individuals they don't have very much variation. However, along the genome and at 23, at least 23 chromosomes. In context, there are these parts of the genome where there is an enormous amount of genetic variation. They go from having or where all the individuals are not variable to almost or all individuals are variable, they're all heterozygous. They all have one of each allele, rather than two of the same allele. What's going on here is based on these patterns?
The clear inference from it is that to be a homozygote at these points is not viable. It's not a viable genotype. So basically there's some sort of lethality or some sort of non-viability that's taking place at some point in development. We don't know where, we're just using genotype data here, but it is maintaining high levels of genetic variation at very specific points. So I'm calling PODs after Waller’s use of the term - pseudo over dominance blocks and if you see here on the patterns of heterozygosity that’s a log scale on the axis.
So these make up about one 1 to 11/2 percent of the genome, but they're a huge amount of the genetic variation is contained within there.
So to sum up we have at least three cryptic taxa, but possibly more, we don't know exactly where China fits in with this. We are seeing with South Africa, S-A1 and South Africa SA-7 they're quite distinct, but they're clearly much more similar to each other than either one is to either of the Chinese backgrounds.
We have these two major lineages that are invading globally at the moment and they both showed up in South Africa. We can't use CO1 barcodes for tracking the species, at least within South Africa, under these contexts. And there are good reasons to think of why this mitochondrial nuclear will be discordant that specifically relate to hybridisation and inbreeding cycles that can produce discordance like we see here.
We can see that you can get a tree, have multiple lineages, attack it, and then produce hybrids. And we can actually track those hybrid backgrounds as they spread. Even when we don't have much variation in a cluster, usually there can be enough variation to pick out specific patterns. So even if you only have, you don't have a lot of genetic variation in, say, Perth, you would still be able to use genomics to be able to track local variation patterns. And then finally, there's something going on with lethality or lack of viability that relates to these. These parts of the genome, where there are presumably some deleterious mutations that are causing strong patterns of genetic variation.
I acknowledge my collaborators and funders and everyone else, and just say that I've been at Melbourne for a while now and I'm currently based at The University of Melbourne, but as of October, I'm going to be setting up a lab at The University of Sydney, so if you're interested in collaboration. That's where I'll be later this year. Thanks very much.
27:46
[bookmark: _Hlk202532596]Gabrielle Vivian-Smith: Terrific. Thank you very much. Tom, that was fascinating. Some really excellent work there, given how little we know about Polyphagus shot hole borer. It is great to see this work reaching the stage and also your mosquito work was really fascinating as well. 
We now have some time for questions and we've got a couple in the chat there. And before I launch into those, I just want to note a lot of virtual applause for your talk. So thank you very much. So our first question is from Kevin Taylor. Do we know if these movements within locations are natural movements of Polyphagus shot hole borer within the insect’s normal range of movement? Obviously not the movements between locations like South Africa and Australia.
28:36
Tom Schmidt: Yes, it's a great question. One I'm very interested in because the nature of where we have the samples within the hybrid backgrounds that I've been tracking, things tend to be either very, very close to each other, as in within a few metres. So there's two trees right next to each other, or they're trees about 50 km apart. So, 50 km, I would say, is probably going to be too far for, I mean, unless someone has some information that they haven't shared about this. I don't think that they're able to fly that far. So that will be presumably human movement. I suspect that to get from one tree to a tree 20 m away, they can do that by flight. It would be interesting to capture somewhere intermediate there, something that, say, trees that are a kilometre apart. Because I'd be very interested in investigating what kind of things they're attracted to in terms of whether there are certain conditions where they would be interested in going for a new tree versus going for a tree that's already been attacked for instance.
29:44
Gabrielle Vivian-Smith: Thank you. I was just wondering. I had a quick question while we wait for a few more questions coming in. We've got a couple more there. I was just wondering if you can track the speed of the spread. We're noting that it's quite difficult potentially to, I guess, track the speed of spread of some invasive species. And while there might be tree to tree movements locally, it would be good to look at other sources of information such as the work you're doing, and whether that can tell us something more.
30:19
Tom Schmidt:
Yes, absolutely, I think definitely yes to that. I mean one thing when you have a new establishment there is going to be some genetic variation that will be in each generation there will be de novo mutations. So new mutations that come into a line and because of inbreeding, you'll get a certain, say, a female will set up her brood gallery and then after 10 generations of inbreeding in that tree, there will be certain points on the genome that will be specific to that background.
Now with whole genomes you should be able to pick out those particular points and really just focusing on those rather than across the genome. Now if individuals from that new background with those new mutations move into a new area, we would then be able to track that as well. That would be a way of working out how fast or basically, the rate of kind of diffusion of these beetles through an area we're looking at say within an area that's already established. And then certainly if there's a way we can track the beetles as they're spreading. From infested areas, for instance, from if you have a new beetle being detected, or a new infestation being detected in a new area, we could use the genetics of that beetle to work out which area is coming from inside the greater Perth region.
31:42
Gabrielle Vivian-Smith: All right. Thank you. So we have a question from, let me have a look, Ivey Chen. So what are the evolutionary implications of the different Fusarium strains? So now we're jumping from beetles to the Fusarium strains found in the various populations evolving from different lineages. Does your work cover any of the Fusarium side of the equation?
32:08
Tom Schmidt: Not yet, no. Unfortunately we only have, it's an interesting question. So this is RADseq data, so reduced representation. Some from this data set, we're able to sequence some Fusarium as well. There's not going to be much variation in that because the genome is much smaller than the beetle's genome. But basically, if one were to do, say, whole genome sequencing on the same setup of these beetles you would be able to sequence the Fusarium as well, because within every single beetle that I looked at, there were sequence reads that matched to the Fusarium genome. So we'd be able to with enough sequencing, basically be able to pick out the Fusarium and the beetle and as well as any endosymbionts there. I didn't mention this, but I looked at all back here if anyone's interested in that one of the Chinese backgrounds has Wolbachia and nowhere else does this beetle have Wolbachia? So that's not part of the equation at all, but potentially diffuse area in different beetle lineages, I have no idea.

33:20
Gabrielle Vivian-Smith: Thanks. Question from Peter Manueli. Can you determine how many years ago the hybridisation occurred?
33:31
Tom Schmidt: Not sure. Yes, technically if we make some assumptions. I'm not sure particularly from this data - I haven't looked into it. You could develop a model around if you assume that the things basically hybridised and then just inbred since then, but I'm not sure if that would be valid because there might be additional back crossing if there’s a tree with lots of backgrounds, their males might be getting all over the place and having hybridizations of hybridisations and things like that. But yeah, technically you could do if you were to just look at how much genetic variant, how many heterozygous sites are still segregating in each hybrid line. Because you'd expect it as inbreeding takes place from generation to generation, you're just going to lose that genetic variation. In this case these lines had lost much of their variation. I'm not sure if that means that it would have taken 10 generations, 20 generations. Yeah, not really sure.

34:36
Gabrielle Vivian-Smith: Thanks. Thank you for that. So a question from Keith Bayliss, could the beetles being haplodiploid contribute to the strange inheritance patterns, for example, over dominance? Are there similar patterns in other bark beetles?
34:54
Tom Schmidt: Yes. There was a paper in bark beetles that came out earlier this year that looked at this. They found inversions all over the genome. And that's almost certainly what's driving patterns here as well. So because in order to have overdominance like we see here, with such extreme patterns, you need to have recombination being suppressed. Otherwise you purge all the deleterious mutations that are driving the over dominance. And it seems in this case there were inversions all over the genome. The bark beetle paper that looks at this earlier this year did not find any over dominance patterns like we see here. It's quite possible that haploid diploidy has something to do with it. One thing that is interesting about the haploid diploidy is that the males have to be homozygous because they only have one copy of the chromosome. They can't be heterozygous, so we can know that where there were of these PODs that I pointed out, I think there were 56 of these SNPs on genome and 9 of them there were no homozygotes of either homozygote background. Now that means that both homozygote backgrounds are lethal for the female. So the male has to have either background and what that means is because if the male is homozygous and can survive that the female will die or not be viable if she's homozygous. This means that there's a sex associated form of lethality or in viability associated with that overdominance.
36:24
Gabrielle Vivian-Smith: Thank you. So quick question, I've got a more time for a couple more. Question from Theo Evans. Does your data show the incidence of parthenogenesis within the trees or within trees?
36:44
Tom Schmidt: I'm not sure I understand.
36:46
Gabrielle Vivian-Smith: That's okay. We can skip over that because there's lots more questions. Unless Theo, you want to jump in and explain a bit more what information you're seeking? If not, we can keep moving. There's an interesting question from Prati Pandit. Can you identify the aggressiveness and invasiveness from the different types of nuclear DNA as compared to mitochondrial DNA?
37:22
Tom Schmidt: So, well, yes, I mean there might. The mitochondrial backgrounds won't tell you much. will tell you much, much less about any sort of phenotypic information. In this I haven't been looking at particular parts of, for instance at different adaptive signatures apart from the overdominance, because the nature of the beetles’ biology of being heavily inbred is going to make it quite difficult to do normal sorts of tests that one would look at, say, adaptive signatures to look at okay, this lineage has got a certain form of, say, preference to certain tree types or something like that. It will be the sort of standard methods of looking at that, we have to come up with a particular way of doing it that is different to the ways that have been developed in other organisms because this thing is really quite the genetics, just looking at the genotypes. They're wildly different from the vast majority of organisms.
38:29
Gabrielle Vivian-Smith: Thank you. A question, so Polyphagous shot-hole borer has origins in Asia. Have you looked into what the population structure looks like relative to South Africa and Australia? And I note that you've done a little bit of work with some of the Chinese samples, but perhaps not population structure as such.
38:51
Tom Schmidt: Yes, I mean the stuff that I've showed is really that's about it. When I say that I had two Chinese samples, I mean that I had two individuals. So there's not a huge amount to go on there or structure. But certainly with these figures here we can see China is clearly distinct from these other backgrounds and then here where you see above the above the clustered points where it says PSHB [Polyphagous shot-hole borer] the square there is both Chinese samples. They're clearly quite distinct from all of the South African stuff there. These Chinese samples are from Hainan and Fujian, and it seems that they are not the direct source of these, of either of these South African incursions because they're quite distinct from that.
[image: ]39:48
Gabrielle Vivian-Smith: Okay, thank you. And I just wanted to know, you might have seen it already, but there's an interesting paper in NeoBiota that's just come out on Euwallacea fornicatus in Uruguay and the invasive patterns, some of the popular, I guess, population genetics or genetics of that invasive population where it may have come into the country as well, so that's maybe some useful samples there. It sounds very similar to the one we have in Perth.
There's quite a few other questions and some of them I'm really keen to ask them, but we are running out of time. So I might just ask one more before I say big thank you. So one question is, have you studied the interaction of other ambrosial beetles with their fungal symbionts?  And then there's sort of in relation to that around symbionts. Are there symbionts hitching a ride with polyphagous shot hole borer so such as the fungi that it feeds on that can be used to corroborate dispersal? So there's 2 sort of fungal questions there.
41:05
Tom Schmidt: Yes, so regarding the first, I don't have any real Fusarium data here, apart from the knowledge that Fusarium is present in all the samples because we're picking up on it through the sequencing. But yeah, absolutely, I think the idea of being able to track dispersal through that movement as we know the beetle was transporting the fungus with it.  It would be a fantastic way of being able to pick up some of this. It would depend on, of course, the level of Fusarium diversity within an area. So, if there's a lot of variation in Fusarium and not much variation in the polyphagous shot-hole borer, then it may even be that becomes more useful at least over certain scales. If for instance, all of a sudden, polyphagous shot-hole borer shows up in another city in Australia and there's something particular about the Fusarium there, that would be able to link it to somewhere in Perth particularly, or from somewhere else altogether.
42:11
Gabrielle Vivian-Smith: Thanks Tom. So some great questions there. One on the lethal mutations lending themselves to gene drive approach from Bob Mackinson and others, so we might see if we can send those questions through to you and we'll leave it up to you to decide whether you'd like to and have time to answer some of those questions that are still outstanding.
But first I want to say thank you to our audience for their questions. And a huge thank you to Tom for what has been a really fascinating webinar today. I think there's lots of excited people out there hearing what you've been able to achieve and also thinking about the possibilities that this can open up in terms of our understanding of this particular species and possible insights into pathway management and future prevention and also control options.
So before I close up, I just want to say if everyone can do a virtual round of applause, that would be great. And I just want to let you know also that we have another webinar on the 24th of July. Chris Anderson, Dr Chris Anderson from NSW Department of Primary Industries and Regional Development is going to talk about the lessons that we can learn from the Varroa destructor incursion and implications for our biosecurity system more broadly. So that will be another very, very interesting webinar. So, thank you so much, Tom. It's been great. I'd love to be able to sit down and hear more at some point, and I'm sure other people who have heard your talk today are feeling the same way. So thank you very much.
44:05
Tom Schmidt: Thanks very much. Please feel free to email me any questions, I'd be really happy to discuss anything further.
44:19
Gabrielle Vivian-Smith: Great. Thank you. And the webinar will be available at some point in the next few weeks.
[Webinar ends]
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