UF IFAS

UNIVERSITY of FLORIDA

Episode 240: Understanding Norroa with Adam Pachl

Jamie

Welcome to Two Bees in a Podcast brought to you by the Honey Bee Research Extension
Laboratory at the University of Florida's Institute of Food and Agricultural Sciences. It is our
goal to advance the understanding of honey bees and beekeeping, grow the beekeeping
community and improve the health of honey bees everywhere.

In this podcast, you'll hear research updates, beekeeping management practices discussed and
advice on beekeeping from our resident experts, beekeepers, scientists and other program guests.
Join us for today's program. And thank you for listening to Two Bees in a Podcast.

Hello everyone, and welcome to another episode of Two Bees in a Podcast. Today, we are joined
by Adam Pachl, who's the North American Technical Manager for Bee Health at GreenLight
Biosciences. Adam, thank you so much for joining us on this episode.

Adam Pachl
Thank you guys for having me excited to be here.
Jamie

Man, I'm really stoked actually to have you because we're talking about something that I get a lot
of questions about and that Amy gets a lot of questions about. And I think it's really good that we
just handle this on the podcast, and that's RNA-based Varroa treatments for honey bees. And so,
this is RNA interference, double-stranded RNA.

There's a lot of these very technical terms that get kicked around when we talk about this issue,
but it's kind of the hot button issue in the industry these days. People have a lot of questions.
They're going to want to hear all that you say. So, Adam, I'm grateful that we have you on board
to talk with us about this today.

OK. But before we do that, since this is your first time on the podcast, we always let our first
time guests introduce themselves and tell a little bit about how they got into the honey bee world.
So, I'd like to extend the same offer to you. How did you find yourself working with honey bees
someday?

Adam Pachl

Yeah, so I kind of have had a bit of a winding road. I like to say it's a pretty unique story, so I'll
try to keep it short. But I grew up around agriculture. I've lived my whole life in North Dakota.
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But my family and my grandparents were farmers. I loved spending time on the farm, but
conservation was always really important on the farm.

My grandfather spent a lot of time developing habitat. He loved waterfowl, so he developed
specific duck ponds on his farm, a lot of habitats for pheasants. I grew up around hunting a lot.
That was really important in our family. So, I was always taught that agriculture and
conservation work really well together and it's really important to combine those two.

So, I took that and I went to college to get a music degree. My first degree was in music, but
along the way I kind of realized that that was going to be a hobby and not a career. Spent a little
time trying to figure out exactly what I was going to do and discovered the biology department
where I went to school at University of North Dakota. They had a wildlife biology degree.

So, I dove head first into that, fell in love with conservation and knew I wanted to do something
conservation related with agriculture. Trying to combine those two, kind of going back to where
I came from. Bounced around with a couple of jobs. Had one position where there wasn't a lot of
room for advancement and found out that the State Department of Agriculture was hiring a
technician.

Didn't really know much about the job but applied, took a flyer on it, got the job and it turned out
to be a lot of honey bee related work, and on day one I fell in love with it. Started wanting to
learn everything I could. Quickly moved up to what we called the Assistant State Apiary
Inspector.

So, I got to do all of the fun field work that an 8-year inspector got to do. So, I did that for 6 and
a half years, just working with every, you know, all the beekeepers in the state, from brand new
hobbyists to some of the largest beekeeping operations, not just in North Dakota, but in the
country, that come through in the summer, working with their hives, working on keeping their
operations healthy, trying to solve problems that they may be having.

And I just loved every minute of it. And so, after six years, I found out about what GreenLight
was doing and what the products that they were working on could do, what the potential was,
everything like that, and just seemed like a really good opportunity to expand my potential
impact on the beekeeping industry beyond North Dakota. I applied, we talked and I kind of
ended up where [ am now.

Amy

Very cool. Adam, you know, before this podcast, before we started pushing record, I was telling
Jamie that I've seen you more in the past, I think, year or so at lots of different conferences. And
the reason for that is there is a new product out there in some parts of the world that is RNA-
based Varroa treatment.
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And like Jamie said, we have a lot of people asking us what this is, if we've heard about it, what
our thoughts are. And so, we just wanted to talk to you about the background and what you know
its purpose is. And so, before we kind of dig into that, why don't you go ahead and let's just start
from the beginning. What does RNA have to do with treatment, have to do with Varroa? Like,
what is RNA?

Adam Pachl

So, we'll start from the beginning. A little biology 101. There's a hierarchy of information within
every living thing called DNA that kind of holds the code for our existence, that holds all the
information. And the next step from that is RNA that helps our bodies, our cells, that helps all of
our living organisms kind of read that code, read that message that the DNA holds, and then that
translates it into proteins.

And that's how our bodies function. Proteins are the functionality part of our bodies. So, using
RNA for new treatment helps us use the messages that, in this case, the Varroa mite is already
carrying to try and create those proteins and kind of use that system to our advantage.

And that's what GreenLight is doing with this new product. And the first product we have is
Varroa based, but there's a lot of potential in other areas. This isn't new. A lot of people, their first
experience or first introduction with anything RNA related was with the COVID vaccines.

This is a completely different method than that. But this technology has been around for nearly
20 years. RNA treatments have been used in other areas and this specific method, what's called
RNA interference, actually, one was discovered in the mid to late 2000s and the people have
discovered a Nobel Prize.

So, it's been around for a long time. It just took a while for us to figure out how to use it
effectively for Varroa mites.

Jamie

So, I want to explore this idea a little bit because when people think Varroa treatments, and I
know, historically, when we think treatment of any insect pest or mite pest, etc., people tend to
default to pesticide, right? We can go to the hardware store, we can grab something off the shelf.
And so why an RNA product rather than just searching for a traditional, you know, chemical
treatment?

Adam Pachl

So, that's a really good question and there's a lot of different reasons. I think the first reason, and
this isn't necessarily specific to RNA, we hear a lot in the beekeeping world, or really any pest
management world, about an IPM strategy, integrated pest management.
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For any successful IPM strategy you want a minimum of six different modes of action. That's
just kind of universally accepted. In the beekeeping world, we've never had six at one time due to
resistance. You know, we've had six that have existed, but because of resistance we don't really
consider them effective.

And then with temperature restrictions and things like that, different regions can't really use
different ones. So, having any new mode of action, and this would be considered a new mode of
action, is really valuable. Now using an RNA-based product gives us a brand new, in this case,
it's not a knockdown.

I don't even think we've said the name. The product is called Norroa. So, in this case, Norroa is
not a knockdown. It doesn't kill mites; it prevents their reproduction. So, it's our first chance to
really get ahead of Varroa mites instead of killing them once they become a problem in the hive
and they're spreading a lot of disease and doing damage and lets beekeepers prevent Varroa mites
from really becoming a problem in their hives in the first place.

Amy

So, Adam, I kind of want to talk about that a little bit more. So, we have different treatments
where we can put strips in a hive, we can do a dribble, we can do a vapor. Those are the different
methods that you're talking about, right? And so, it's really like topical or oral or they're just
ways that are toxic to the mites, right? That's kind of how some of the other Varroa treatments
work.

Adam Pachl

Right. Yeah, everything has some sort of toxicity. Everything that we're familiar with has some
sort of toxicity to Varroa mites. At some point it kills them. And like I said, that's one of the ways
that Norroa is very different. The active ingredient is called vadescana.

That's the name of the segment of double-stranded RNA that's in it. And what it does is it induces
a process called RNA interference where it binds to an already existing strand of messenger RNA
in the Varroa mite.

If you go back to what I was talking about with RNA creating proteins, and once that happens, it
prevents production of a protein in the Varroa mite that they're trying to naturally produce, and
without that protein, the mites can no longer lay eggs. So, because of that, we're just getting
ahead of that population growth curve that we've all seen.

You know, one mite turns into two or three mites and then that turns into, well, if you say 2,
those two turn into 4, then that turns into 8, and they just grow really quickly. We're getting
ahead of that for the first time, and it lasts for a really long time. We can get into all that, but it’s
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just a really good chance to start at the beginning of the season and get ahead of things instead of
starting at the end of the season and trying to play catch up.

Amy

All right. So, I just want to summarize and clarify real quickly. So, this RN is binding to a
protein that is interfering with this process of how Varroa lays eggs, right? So, it's preventing the
Varroa from laying eggs, so it's kind of stopping them from being able to reproduce. Is that kind
of how that works?

Adam Pachl

Yeah, essentially, yeah. It stops reproduction is how to sum it up in a nutshell. You're right.
Amy

OK, so how is the product applied? How is RNA1 based treatment applied to a colony?
Adam Pachl

Yeah, so to apply it to a colony is really simple. It comes in a pre-mixed, pre-measured pouch. A
dose is 2 pouches per colony. It ends up being one liter of syrup. So, the RNA is mixed in a sugar
syrup. All you have to do is peel a sticker off these pouches and that exposes holes that are
already in the pouch.

So, you don't need to do anything to it. And you can just place it either on your bottom board or
on top of your frames. And then the workers are naturally drawn to that sugar syrup. Just like if
you were to put any other syrup in your feeder, they'll take that in and they'll store it in the brood
box. It's really important that you want it in the brood box, so you don't want to apply it with
supers on because they'll naturally want to move it up.

So, you want it stored in the brood box because from there, those stores that it gets incorporated
into will be used for brood food. Varroa mites and a lot of arthropods in general have this really
cool biological ability where any RNA that they just come in physical contact with, they can
absorb.

So, when the mites are hiding underneath the larvae in the cell before it gets capped and there's
that last feeding, and the food gets deposited in the cell, when they come in contact with it,
they're going to absorb that RNA, the vadescana. And then once they absorb it, that's when the
RNA interference begins.

Jamie

So, to summarize what you said, it's currently delivered into food for bees and that food gets
distributed, ends up some in the brood food. The mites go into that brood food prior to the cell
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being capped and so they are topically absorbing, you believe, at least, this double-stranded RNA
which starts this process.

OK, so then explain a little bit more about its distribution through the colony. Because if it's
being delivered through a sugar syrup, is it stored? Does it all, within the first week, go to brood
food? Does it, you know, stay around a little bit? Help me understand kind of its movement post
bees taking it out of the pouch?

Adam Pachl

Yeah. So, the bees definitely store it. They distribute it fairly uniformly throughout the colony or
through the brood boxes. I wouldn't say every single cell that has stores gets it, but there have
been dye studies that have been done where the dye was injected or incorporated into the
pouches and then observed how it was distributed throughout the brood boxes.

Hopefully some of that is going to be published pretty soon. I don't remember if it has been
submitted for publication or not. I think it has been. But yeah, there's a lot of research, there are
several entities that have done what we call soaking assays or soaking studies to show that if you
remove bee larva from the equation and just put a drop of Norroa or submerge Varroa mites in a
solution that contains vadescana, that it will still start the RNA interference process.

So, they don't need to feed on Varroa mites. It's just a really convenient way to introduce it into a
hive to get Varroa mites in contact with it. Really, all a beekeeper needs to do is peel the sticker
back, put the pouches in, and then we're taking advantage of a lot of naturally occurring
processes to let all of this happen without a beekeeper really having to do anything else.

Amy

I'm really glad we have you on, Adam, because prior to speaking with you, for some reason I
thought that Varroa was actually eating, you know, the sugar feed that was RNAi. But now you're
saying that it's probably just them soaking in it, right? So, they're kind of absorbing it through
their shell. Is it a shell?

Adam Pachl

Yeah, it's an exoskeleton. We're still trying to figure out if there's a specific place that they're
getting it through. This is kind of getting into the weeds a little bit. There are some theories that it
might be through the genital plate, that they might be getting it through the peritremes, which is
where they breathe through, that it might just be in general that they can absorb it through their
exoskeleton.

But that's one of the tough things to answer. There's a long list of questions that we want to
answer, and you can only kind of do one at a time. And I've heard some pretty smart folks down
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there from University of Florida say that when you try to keep a Varroa mite alive, it's really
tough, especially when you're trying to do research on them.

Amy

Jamie, do you think he's talking about us as smart people, or probably Cameron Jack as the smart
person in this scenario?

Jamie

You know, at least it compares to the bees, Dr. Cameron Jack. So, like, Adam mentioned,
Cameron and this group had worked together to do some of the field trials and answer some of
those basic questions. Yep.

Amy

Absolutely. All right, Adam, I want to switch over to a little bit of a different type of question.

So, we were both at the American Honey Producers Association in 2025. And you were sitting on
a panel, and I really enjoyed this panel because it was just a bunch of people who sold Varroa
products, who sold various types of Varroa products.

And I remember David Peck was the facilitator of this panel. And one of the questions that he
asked, which I actually really liked and appreciated was, you know, a lot of times there are
people out there selling different Varroa products or trying to convince people that their Varroa
product or this Varroa product or this method is the way that, you know, beekeepers should use
their products.

But the question that he asked was, you know, I think we all recognize that it's another tool in the
toolbox. Can you tell us a time in honey bee management when using this treatment is not
recommended?

Adam Pachl

Absolutely. And I'm glad you were there. That panel was really fun.
Amy

It was fun, yeah.

Adam Pachl

Yeah. So, there are really two times that we say don't apply Norroa. The first is if you have
supers on, and that goes back to the way that this works because it's introduced to mites through
brood food. If you apply the pouches with supers on, the bees are naturally going to want to
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move that sugar syrup up into the supers, and then there's a lower likelihood that it will be used
for brood food, or at least less of it will be used for brood food and it won't be as effective.

It won't be effective for as long. One of the great things about Norroa is because it's stored and
those stores are constantly pulled from, it's effective for a really long time. But if the Norroa gets
stored in the supers, there's not as much of them to pull from in the brood box and it won't work
for as long.

The second time would be if your mites are really high. If you remember, I said it doesn't kill
mites, it prevents them from reproducing. So, it's going to maintain whatever your mite level is
when you put the pouches in. So, you really need to be aware of what your mite loads are. You
need to be a responsible beekeeper and be doing your mite washes, be keeping an eye on things.

So, if you have a 5% mite load, I hope that that's not something that you want to maintain in your
colonies. At that point, you could apply Norroa, but you would also want to do some sort of a
knock down at the same time. We have data, we've done trials showing that that's fine, it's safe.

There are no negative interactions. But Norroa on its own isn't going to be the treatment that you
want to do. It's not going to help you be a successful beekeeper.

Jamie

Adam, I think this is really important and it segues nicely into my next series of questions as I
think about this. And I've got a ton of questions, I'm trying to limit it. One of the things I'm going
to ask you about, you talked about long time, things like that, you know, beekeepers are going to
ask about its persistence in the hive.

So, hold on to that idea because I want to express another question that's kind of coming to mind.
So, beekeepers also, and me as well, they think about efficacy of products in terms of what
percentage of mites went down? And this is kind of important because this is a mite shift.

I remember when I was a kid and started keeping bees and everybody was using Apistan at the

time. There would be things like, you know, 99% effective. That means it kills 99% of the mites
that are in the hive. People can understand that. They can wrap their mind around it. And I think
it's very important because your last comment was, it's not like this is essentially a knock down.

It basically, for lack of a better term, freezes the mite populations kind of where they are because
it's impacting reproduction. So, the idea, if I understand correctly, Adam, is that you're wanting
to use maybe other methods to get them below, say, an economic threshold and then this could
come in and keep them there.

And kind of help me understand that idea. Because it's not like you can give a number to
beekeepers and say, if you use this, it's going to reduce your Varroa population by this. It's more
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like you're saying if you use this, it keeps it where it is. So, you want to start at low. Am I
understanding that correctly?

Adam Pachl

You nailed it right on the head. We can't say that, you know, you'll see a percentage of drop in
mites. We can't say anything like that. What we can say is that in our field trials where we've
done multiple years, we've worked with commercial beekeepers, thousands of colonies.

If you start below 3% threshold, if you start below, you know, the generally accepted economic
threshold, you'll see your mite stay below threshold for up to 18 weeks. It will flatline your
population growth.

Eventually, they'll use up the stores. There'll be nothing left. You'll see mites coming in through
drift. You'll see things like that. Those mites will be reproductive, and you'll start to see
population growth because of that. But it will keep your mites down for an entire, you know,
calendar season.

Jamie

OK. So, that kind of goes into my next comment about this idea of persistence because you
know, as much as scientists like myself and extension specialists like me and Amy kind of preach
this idea of integrated pest management, a lot of our commercial beekeeping operations are built
on the back wall.

Like I have only got these two times a year, 3 times a year, or 4 times a year, | can treat. So, I'm
going to treat these four times whatever it is, regardless of what my mite populations are. So, it's
kind of getting them out of that mindset. So, I know this is very generic and kind of 30,000-foot
view, but if you were running a commercial operation and you've got, say, 10,000 colonies and
this is a tool in your toolbox, when would you apply it throughout the year?

You know, like what would be your strategy? Is this primarily a winter thing? You already said
there's some things that you wouldn't do. You wouldn't do it with supers on because, you know,
you'd worry about it being stored elsewhere and not accessible to that kind of brood area. So,
walk me through what you think, how you would integrate this into your commercial operation,
your fictitious commercial operation of 10,000 colonies.

Adam Pachl

That's a really great question. Like you said, there's a lot of nuances and everything that go into
it, not the least of which is what states am I running in, obviously, if I'm commercial. But the
easiest way to answer that would be that I would put this in my colonies very shortly after I did
my splits.

An Equal Opportunity Institution.



UF IFAS

UNIVERSITY of FLORIDA

And there's a few reasons for that. Like I said, a dose is two pouches per brood box. So, if you're
treating doubles, you need 4 pouches, you're going to need to use twice as much. If you treat
after splits, you can treat the single boxes with two pouches. And we have data showing that that
will carry them even after they build into doubles.

So, it's a little way to use less. You can use half as much and get the same effect. And with
commercial beekeepers, it's a numbers game. So, you can cut your cost in half right there. It's
also going to generally be, you know, roughly in the springtime for a lot of commercial
beekeepers.

You're looking at that March-ish time frame, March, maybe April depending on where you're at,
but generally March, and that's going to carry you for 4 to 4 and a half months. By that time
you're looking March, April, May, June, July, maybe into August.

And so, you're getting into the beginning of your production of your winter bees and you're still
going to have fairly low mite loads with one application of a mite treatment. Your crews haven't
had to go back to do more, you know, more mite treatments. You haven't had to do a lot of
interventions with your bees.

And so, you've been able to spend the rest of your honey production, your summer working on
other things, putting that time back into, you know, repairing boxes, fixing equipment, different
things like that, working on that proverbial “honey do” list, if you will. And then your winter
bees are going to get a head start on being a lot healthier.

You're going to have lower mite loads, lower disease loads running through your colony. And
then that sets up the entire next year, you know, your winter survival, you're going to have
stronger colonies for pollination. We don't have honey production data yet. I'm actually working
on that in a trial this year.

But in theory, you should have stronger colonies because you would have had low mite loads all
through the summer. So, hopefully, at least more honey production. But really, you'll have more
colonies that are stronger because you'll go into the fall making those winter bees. So, you'll have
more colonies that are stronger to go into your pollination.

And we have data showing that one spring application of Norroa has much higher winter
survival rates than the leading industry standard.

Amy

Adam, I know you weren't ready for that question. And Jamie was just like, hey, if you're a
commercial beekeeper, you're with 10,000 colonies, what would you do? So, we really
appreciate you thinking that through with us. And I guess, you know, while you're talking, I'm
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thinking about when you're making splits, sometimes you make splits into nucs, right? And so, if
you had a nuc, would you just use one pouch versus the two on a 8 or 10 frame?

Adam Pachl

So, that gets a little sticky. The label states two pouches per brood box. So, per the label you need
2 pouches. The former regulator in me would recommend waiting until you get into a single and
then applying at that point.

We don't have much data treating in nucs like that, so I can't say a whole lot on that. Plus, the
label is the label.

Jamie

Adam, I think it's always great to say the label is the law. We have to follow the label. So, Amy, I
appreciate you asking that question for clarity. That was good. And Adam, I do appreciate you
humoring my question because again, as I was listening to you talk, I'm like, well, when would I
apply this? Like what's an optimum time?

But it sounds like, you know, people get to play around with it and see, and you had suggested
maybe spring could really help you get further into that summer need to treat at late summer
season. So, that's good. Thanks for those comments.

Adam Pachl

Yeah. And we do have data showing fall applications can certainly work, especially, like I said,
as a co-treatment if your mites are higher than you want, you can put other treatments in to
knock them down and then see the long-lasting effects of Norroa. We haven't been able to treat
with every commercial knockdown just because of where we have to treat in the fall to be able to
track colonies for 4 and a half months.

Some of them are easier to put in colonies in October than others in the warm states, but we're
getting data back really soon on some of those. But there's a lot of other things that go into
colony survival when you're starting to track them and treat them in the fall. So, we don't have as
many trials with that right now.

Amy

Yeah. So, I know that you have done trials and you're talking about some of the publications that
will be coming out. I'm excited to, you know, see those and read those publications. I'm
interested to know because you said that you have been working with some commercial
beekeepers on this as well. And I don't know if you've been working with backyard beekeepers,
but what kind of feedback have you been receiving from beekeepers, I guess, who have used it
and who are just kind of interested in this?
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Adam Pachl

A lot of the feedback that we've gotten really has been positive. There haven't been any negative
experiences with it. All the commercial beekeepers have said as far as performance, it's worked
great. There have been some beekeepers, and I don't want to throw any names out because |
haven't talked to them beforehand.

Amy
Yeah, definitely.
Adam Pachl

But there have been some beekeepers that, along the way, especially in some early trials, at one
point wanted to back out because they saw their colonies collapsing. You know, we had untreated
controls. We had different products being used. They thought all their colonies were collapsing
until they actually started digging and looking at the data.

And then they realized that the colonies that were treated with Norroa were the only ones that
weren't really struggling. And then we've had some beekeepers that have been in trials for five or
six consecutive years. And, you know, they're calling us every year asking if they can be in
another one, pretty much.

They're really excited about it. But as with everything, not all the feedback is positive. We know
that it's an expensive product right now. We're the third company to hold the rights to it. It's been
in development for over 15 years now and it just got registered. So, there's a lot of research
behind it.

So, we know it's expensive. And now that it's registered, our top priority is bringing those costs
down. We're working on it. We're hoping that that'll happen quickly, but the first step was making
it available before we could, you know, start bringing those costs down. So, we have gotten that
feedback.

Commercial beekeepers especially aren't a huge fan of the pouches, and we know that, and we're
taking steps to make that delivery easier. The EPA is currently reviewing a new delivery method
specifically for commercial beekeepers that'll remove the pouches.

But because it's under EPA review, we don't know exactly when that'll be available. But yeah,
there's good and bad feedback. We definitely are addressing the negative side of things that we
can improve on and that's all we can do right now.

Jamie
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Yeah, I mean, R&D is tough, right? And you guys are branching out to this new way. And
honestly, I think one of the reasons that we're having you on this podcast is because, again, this is
just such an atypical treatment for beekeepers. Like, we're used to putting plastic strips in hives
and, you know, Varroa die and fall to a screen bottom board or something like that, which kind of
leads me kind of because you're cutting edge.

This is new science. I mean, we're having to sit here and explain the science behind RNA
interference, right? This is not an easy thing to grasp if you don't have that kind of background.
But as we move past kind of the bee talk and the beekeeper talk, it was interesting to hear you
talk about, you know, the registration process.

We do have an international audience. We have beekeepers who listen to this podcast from over
70 countries around the world. So, I know a lot of folks outside the US are going to ask about
registration outside the US. And so that's one part. And the second thing is this is new.

It's new to us. We know when you hang a plastic strip on a hive for Varroa, you have to wear
gloves and other personal protective equipment. Could you just briefly talk about human safety?
So, what's the future of registration outside the US? And what do beekeepers or consumers of
honey, who ask these questions, what do they have to think about with regard to a human safety
standpoint?

Adam Pachl

Yeah. So, I'll kind of start with the US here and I'll build out from there. Our registration in the
US came with the EPA on September 25th of ’25. So, at this point, that's what, 6 months,
something like that. And then state registrations have to come from there.

So, we are now registered in 47 states. There are three outstanding. I can remember two of them
off the top of my head. But yeah, we're working on that. For human safety, it's very safe and
that's just the nature of RNA. It's very targeted, so there's really no off target effects.

It's safe for bees. It's safe for humans. It's been tested against a lot of different insects, at least
from a bioinformatics standpoint, showing that genetically there's no overlap. A few things where
there may have been a concern, there was direct testing with those insects and no effects were
shown.

We have a tolerance exemption, the same one that oxalic acid gets if it's found in honey. So, it's
safe to eat. Again, with RNA, bees are bringing back RNA from every flower that they visit.
That's in your honey, and this is no different. There's RNA in the orange juice you drink, the
coffee, every food that you eat has RNA in it, but it doesn't overlap with humans.
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And even if it were, our digestive processes kind of protect ourselves from it. Organisms have
developed these defenses against RN A because we have to. So, if there was an overlap, there was
any risk, there's these natural defenses built in, but there's not an overlap.

So, we don't have to worry anyway. So, yeah, there's safety. There's really no PPE required. We
were forced to put the long sleeves, long pants, socks and shoes on the label. But you don't need
gloves. You can work with them barehanded if you keep your bees barehanded.

You know, basically whatever you wear to keep your bees, you can use to apply Norroa. You
don't need anything extra. Outside of the US, we are currently under review in Canada, in
Mexico, in New Zealand, and in Europe with the European Medicines Agency. Europe actually
does things a little bit differently.

So, the EU, to my understanding, hopefully I don't get myself in trouble with our regulatory
team, but the way [ understand it is the EU has already granted a tolerance exemption for honey.
So, if the EU were to import honey from somewhere that already registers Norroa, they don't
need to test for it because they've recognized the same thing.

RNA is safe, especially for consumption. So, once that gets registered in the European Union,
they don't need to test it. Same thing, if it were to wind up in the supers, it's safe. It just reduces
the efficacy.

So, that's why, again, we recommend not applying the pouches with supers on. But yeah, we're
under review. We've applied for registration in those four regions. We're looking at Australia. We
haven't applied for registration there yet, but that's definitely a talk we've had, especially we hear
from a lot of Australian beekeepers because of the struggles they're having with Varroa mites
showing up there recently.

We're looking at a lot of different regions, especially as we hear from beekeepers, but we're a
pretty small company so we’ve kind of got to take things one step at a time. There's only so
much we can take on at once, so we're taking on those ones right now and looking at what else
we can do as we're able to take on more.

Amy

Awesome, Adam. Well, I'm really glad that we were able to have you on today. Jamie and I,
especially this past week for some reason, have been talking a lot about RNA-based, you know,
treatments, especially this treatment that's come out. I know there's a lot of research that still
needs to happen. I know there's a lot of research that has happened.

You know, as you're talking about human safety and talking about the bare hands, I can't help but
think Jamie was thinking that he uses his bear hands and then he puts his human hands back on.
Were you thinking that, Jamie? I know you were.
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Jamie
I do tell that joke all the time.
Amy

I was like, I'm holding it in, but I'm not going to respond. And now I have to say that out loud.
Anyway, we are very excited to be able to talk to you, excited to see where this progresses, what
this product does, how promising it is in the future. And so hopefully we'll be able to stay in
contact with you, you know, moving forward and looking at how this product goes. But did you
have any concluding statements to our listeners out there?

Adam Pachl

I guess [ would just add, we know this is new. There's a lot of questions. We're very approachable
and so if you have any questions, you can contact us through our website www.norroa.com. We
just launched a Facebook page, Norroa by GreenLight Bio, so feel free to reach out to us if you

have any questions.

We try to attend as many events and conferences as we can. Like Amy said, ['ve been
crisscrossing the country the last year, so we'll be at a lot of events. I can give a shout out. I'll be
speaking at the Florida Bee College in March. So, but yeah, if you have any questions, absolutely
reach out.

We're very proud that we respond as quickly as we possibly can, usually within a day of
receiving an e-mail. So, we're happy to answer any questions and try and help people learn about
this because it's so new.

Jamie

Well, Adam, that was great. I think this is going to answer a lot of questions that people have
about this. And you know, Amy and I are very careful. We work for University of Florida. We try
not to endorse companies, but we really thought we needed to have you on to talk about this
because it's so new. The idea is just so new to beekeepers this, this, you know, RNA interference,
what does it mean, all of these types of things.

And I think it was very useful to have you on to discuss all these questions that we have and
bring it in a digestible way that beekeepers can use as they make decisions about Varroa
treatments in their colony. So, thank you so much for joining us today.

Adam Pachl
Yeah, thank you guys very much for having me on.

Stump the Chump
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It's everybody's favorite game show, Stump the Chump.
Amy

All right. Welcome back to the question-and-answer segment. Jamie, the first question is from —
actually all three of our questions are from your Beekeeping Academy YouTube videos. The first
question that we have, they're wondering if Africanized bees handle Varroa more efficiently.

Jamie

Yeah. You know, there's a general belief out there and I certainly talked about it at a lot of the
research meetings that I go to where African bees are discusses that African bees are generally
more resistant to the various diseases and pests that the bees that we keep would otherwise be.
So, just to make sure that we are all using the same language related to that, Apis mellifera is
distributed in Europe, the Middle East and Africa naturally, right?

So, that's its native range. And so, when we say African bees and when we say European bees,
we're still talking about the same species of bee. We're just talking about European races, Middle
Eastern races or African races.

The more technical term would be subspecies. So, the honey bee that was brought from Africa to
the Americas that became quote UN quote, the African bee was Apis melliferous scutellata. It's
indigenous to sub-Saharan Africa. So, when folks say things like, well, are African bees more
resistant to Varroa than our European bees, they're just specifically talking about Apis mellifera
scutellata and the derivatives thereof in the Americas.

And when people think about those bees, it is very common to say things just like that. They
have better disease and pest resistance, etc. And there seems to be ample research to back this up.
So, it does in fact look like they're better able to handle Varroa and they're better able to handle
some of the diseases and pests.

That doesn't mean that they're immune. It just means that their threshold for tolerance of these
things is higher than what we see in European bees, which of course, Amy leads to the next
question. Then why don't we just keep those bees and deal with a lot of our disease and pest
issues using those bees?

Well, the obvious answer is, well, because they come with a lot of baggage, right? It's not like
they're equal to European-derived subspecies of honey bees and therefore we should just pivot
over to them. And I'm going to speak in some overgeneralities here.

People get really anxious when I talk about these kinds of things. But in general, they make
smaller colonies. In general, they're more defensive than European honey bees. In general, they
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abscond more frequently. You know, they just have a lot of these traits that we, as beekeepers,
would consider negative.

And so, while you'd get potentially the benefit of disease and pest resistance, not complete
absolute ability to survive all things all the time, but while you'd get some disease and pest
resistance, you would also get some of the negatives that just make them really difficult to work.

Now, a lot of people would rightly say back to me, well, they keep them in South America, and
they keep them in Central America, and they keep them, obviously, in Africa where they're from.
So, what's the big deal? And you know, that's another question for another day. The biggest
answer to that is yes. While they keep these bees in those areas, they still have many of the same
limitations that I've discussed, tend to be smaller colonies, tend to, you know, be more defensive,
tend to abscond more.

There are these negative traits that people often don't like, whereas the European-derived honey
bees don't do these things. Now, I would just kind of, on my way out of answering this question,
say technology is improving all the time. The honey bee genome has been mapped and it's just a
matter of time before scientists understand what's causing these resistance traits and these
characteristics that African bees have that maybe European bees show a lower expression of.

And as a result, it's really possible in the future to incorporate these positive traits without
necessarily having to manage the bees directly. You know, there's a lot of molecular technologies
that may make it possible to move some of those traits into the European-derived honey bee
subspecies that we have.

So, overanswered the question. The question was, is it true that they handle Varroa more
efficiently? My answer is, is that it appears to be the case. And then I wanted to make sure and
head off at the past some of those other questions that people often ask when they follow up that
specific one. So, hopefully that wasn't too much Amy.

Amy

Nope, nope. It wasn't. So, it kind of leads me over. I mean, this is just, again, talking about
Varroa because, of course, every single episode we bring up Varroa. But the second question is
about Varroa.

And you know, the host species, it is Apis cerana, that's the Asian honey bee. And the question is,
you know, if Apis cerana can deal with Varroa, I mean, you're saying African bees, so, Apis
mellifera scutellata can.

If Apis cerana can, why wouldn't we just bring that over? Can we bring over Apis cerana to help
us fight Varroa? What would that look like? Why can't we do that?
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Jamie

Yeah, and I've heard that question so many times, Amy, and it's one of the ways that I'm going to
answer kind of uniquely this time that I've never answered before. There's a reason Apis
mellifera is the most popular honey bee on the planet. Now, our team recognizes 12 species of
honey bees.

The other 11 species are beautiful and amazing and are just worth thinking about and reading
about and studying. But there is a reason Apis mellifera is the most popular honey bee.

It's very manageable. It can withstand a number of environments. It's very breedable, right?
Strong colonies. It produces lots of honey. There's just so many things that you get with mellifera
that are trickier with cerana.

Yes, [ know cerana is managed in Asia. Yes, | know that they also work with some of the other
cavity nesting species. All of that's true. But I just don't think cerana would do as well around the
world as mellifera has. And so, yes, cerana is quite resistant to Varroa, even more resistant than
you see these African honey bees are.

But that doesn't mean just based on this one trait, that it's the bee that should be managed
everywhere. And furthermore, it probably wouldn't perform like that as well outside of its native
range. If you think about its native range, it includes a massive tropical and subtropical area, you
know, it's not the bee that conquered Europe, the Middle East and Africa, right?

It doesn't have that massive distribution over a variety of climates, although it does have a big
distribution over a lot of climates. It's not like that of mellifera. And if you start exporting cerana
from its native range, I mean, think about it, it gave us Varroa.

What else is it carrying that it could potentially spread around the world? While it's intuitive, it's
just not as easy an answer to spread cerana. In fact, I don't think it's the answer. And then of
course, from a practical standpoint, it would be illegal.

But beyond that, I just don't think it's the answer.
Amy

Definitely. [ mean, even in, you know, countries, when we visited Thailand, the beekeepers there,
they do have Apis cerana, but they also have Apis mellifera just from a management perspective,
productivity perspective.

Jamie
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That's a great point. I mean, spot on, Amy. I didn't even think about that. So, good point. The idea
is that even in a lot of places where cerana's native, the beekeepers are defaulting to mellifera,
and that's no coincidence.

Amy

Definitely. All right. So, Jamie, you know, a lot of what we talk about with Varroa is Varroa
resistance and you know, prolong exposure is usually what our guests have told us in the past,
and, you know, what we talk about that promotes mite resistance.

And so, a very popular way that people are now acknowledging and trying to get rid of Varroa is
through oxalic acid. Specifically oxalic acid vaporization. And so, we do know that it is limited,
you know, the exposure is limited when you apply it.

And there are different methods basically of applying oxalic acid. Now, there's an oxalic acid
strip that's out there, and they're wondering basically if this oxalic acid strip is going to promote
resistance.

Is this going to, you know, do you believe that it's going to start resistance for the mites and
mites are going to be resistant to oxalic acid?

Jamie

That's an interesting question and I had not necessarily thought about it from the perspective of
the way the questioner is asking it. So, essentially, they're saying if long term repeated exposure
to an acaricide is what causes Varroa to develop resistant to a compound, now that we've got
longer term exposure possibilities for oxalic acid, are we just setting ourselves up to fail with
OA?

The short answer is there's no evidence, globally, of Varroa developing resistance to OA. And
everything that I'm going to say after this is tricky. It's tricky because we're not quite sure of the
mode of action of OA.

We know that it works, but we don't necessarily know how it works. Whereas a lot of these other
things like amitraz or fluvalinate, things like that, we know exactly in the bee what it does, but
with oxalic acid, we're not quite sure.

You know, it's a naturally occurring compound. It's in honey otherwise. It shows up in lots of
leafy vegetables and plants. So, all of this stuff's out there, OA is out there everywhere. But we
know that when we increase concentration and put it in a hive, Varroa die and bees don't. Now,
we have a master's student in our lab, Marie Yanchak.

She just successfully defended her master's thesis. And Marie, if you're listening to this episode,
congratulations. And she did a lot of work with OA, and she defended her thesis at the time of
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this recording here of this particular Q& A, she defended her thesis 2 weeks ago. And I asked her
specifically about OA resistance and, you know, she made the point that there's no documented
cases of OA resistance, even though we have some of these longer term uses of OA in colonies.

But furthermore, whatever mode of action it is would not be like what we see with fluvalinate
and amitraz, etc. that would lend itself to quick development of resistance. Now listen, biology's
crazy out there, right? Things happen that we can't explain.

But right now, the prevailing thought about the mode of action of OA is it actually damages, I'll
use the people term, the feet of Varroa. And since these other compounds are usually very
specific, you know, neurotoxins as an example, it doesn't take much to change in the genome for
them to develop resistance of that.

But something that could just cause a morphological problem for Varroa would be much more
difficult for Varroa to develop resistance to. So, if that's the mode of action, then it would be very
tricky for Varroa to develop.

OA has been used against Varroa for a long time now. There's no evidence again of resistance.
And I'm not personally too worried about more of these extended-release exposures that Varroa
will now encounter with OA. Even still, Amy, my big recommendation would be always to rotate
chemical treatments and use integrated pest management to reduce the chances of Varroa
development of resistance to OA.

Amy

I think that's fair. So, OK, let me ask you this. This is like such a crazy thing for me to think that
we don't know how it works. Every time I hear that, it still just blows my mind. Like, we know it
works. We just don't know how. From a research perspective, what would you do to get that
started?

Like, how would you like, yeah, that's this is something that I think maybe in the future we
should do is just talk through research. I think would be really fun over, you know, the episode.
But I mean, it's like, OK, so where would one go at this point?

What would a researcher do at this point to say, OK, we're going to get this started because we
want to know how OA kills mites?

Jamie

I think it will be somewhat hard with this particular active ingredient because a lot of these
others, for example fluvalinate or amitraz, scientists know because of the chemical family to
which these things belong. These chemical families are well-studied.
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There's a lot of historical knowledge associated with, you know, neurotoxin pathways or
acetylcholinesterase pathways, things like that, that scientists have known about for a long time.
And they're able to say, well, this is a related compound and Varroa, I've done it this way, and we
can look specifically at those genes and see what's changed etc.

With regard to OA, if it truly is a morphological thing, like it really is damaging the feet, for
example, of Varroa. If that's one of the things, then scientists would set about to create similar
damage to Varroa feet but not using the chemical and see if they get similar responses of Varroa
populations and colonies.

Of course, that would be very difficult to do because you'd have to do this to a lot of Varroa.
You'd have to do something to their feet that you're projecting that OA does, but you'd see if OA
and your physical manipulating of Varroa feet would cause the same response, the same
mortality, the same inability to hold onto the bees.

But if it turns out not to be that, you know, you've got to go with your next best guess and
develop a controlled study to try to figure out, OK, if I alter this, do I get a similar knock down? I
think one of the tricky things about OA, again, is it's not as far as we know, currently affecting
some sort of biochemical pathway that would be maybe more intuitive to see.

And a lot of people are like, well, maybe they're just breathing it in. Well, it is vaporized, yes, but
that it doesn't have to be vaporized to kill Varroa, right? It could be on these strips, it can be this
glycerin that just hits their bodies. So, it's probably not that way.

So, people are like, well, what if it just goes through the cuticle and damages these other things?
Well, it hasn't appeared to be doing that. So, you'd have to create scenarios where you are
manipulating the pathway that you think OA is manipulating and then see if you're getting
similar responses when both of those things are applied, the OA or your manipulation of the
pathway.

Amy

Wow, research is so fun. All right, everyone, thank you so much for listening to this episode and
this Q&A. Don't forget to send us more questions. The best way to send questions is actually
through our e-mail. I've always in the past said our social media pages, but I think we'll stick to
e-mail moving forward. So, don't forget to send us an e-mail. Honeybee@ifas.ufl.edu.

Hey everyone, thanks for listening today. We would like to give an extra special thank you to our
podcast coordinator, Jeffrey Carmichael. Without his hard work, Two Bees in a Podcast would
not be possible.

Jamie
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Visit the UF/IFAS Honey Bee Research and Extension Laboratory's website, UFhoney bee.com,
for additional information and resources for today's episode. Email any questions that you want
An Equal Opportunity Institution. answered on air to honey bee@ifas.ufl.edu. You can also
submit questions to us on X, Instagram, or Facebook @UFhoney beelab. Don't forget to follow
us while you're visiting our social media sites. Thank you for listening to Two Bees in a Podcast.
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