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Trapp, J., etal, (2017). "Genomics, transcriptomics and proteomics: enabling insights into social evolution and disease challenges for managed and wild bees." Mol Ecol 26(3): 718-739.
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What can we do about bee disease?

Parasites and pathogens are a major cause of colony loss

and suboptimal honey bee health

Are there genetic mechanisms that could reduce the impact of viruses
in honey bees?

Honey bee viruses

and how to stop them
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Viruses

GENOME PROTEIN
Genetic material . Capsid/Shell

Always changing and mutating
Eg. Influenza, new vaccine every year

Viruses

Virus ‘
100nm .

Bacteria
2000nm T

Animal Cell
10,000nm




23/08/2018

Viruses

Cell

...like unwanted house-guests...
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Viruses
GENOME

RNA or DNA eg. Influenza,
. k Ebola

ngle-stranded
RNA: ‘

gative-sense RNA
RiboNucleic Acid

Single-strand
positive-sense RN eg. Dengue fever

\M Common cold
. Single-

stranded
DNA eg. Herpes

Smallpox

DNA:
DeoxyriboNucleic Acid ‘

Double-stranded DNA

Honey bee viruses

* Historically: around 24 viruses Black queen cell virus

* Australia has 5 common viruses:
* Black queen cell
* Sacbrood
* Lake Sinai |l and lI
* Israeli Acute paralysis

* New viruses discovered all the time

Dr John Roberts, CSIRO
Session 8B (later today)
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Honey bee viruses: Picornavirales

Deformed Wing virus
= Varroa destructor virus 1
Kakugo virus

Deformed Wing Virus

Maparvata lugens honeydew virus-3
Thaumetopoea pityocampa iflavirus 1

Lymantria dispar iflavirus 1

Antheraea pernyi iftavirus

Slow Bee Paralysis Virus
Graminella igrifrons virus 1

Laodelphax striatellus picorna-like virus 2
Laodelphax striatella honeydew virus 1
Nilaparvata lugens honeydew virus-1

Nilaparvata lugens honeydew virus-2

Lygus lineolaris virus 1
Sacbrood virus) H
e ] e O0ICDrood Virus

Bombyx mori Infectious flacherie virus

exigua iffavirus 1
Perina nuda virus
I T Ectropis obliqua picornarlike virus

e So0doptera exigua ftavirus 2

Iflaviridae

Himetobi P virus

Dicistroviridae Crpaue .1 .
fomamcrie] Black queen cell virus

Triatoma virus
: ! Plautia stali intestine virus
coagulata virus-1
t= Israeli Acute Paralysis Virus
t= Kashmir Bee Virus . .
[ romicsoecavius1 | AcuUte Bee Paralysis Virus
Acute Bee Paralysis virus
Solenopsis invicta virts 1
Cricket Paralysis virus
Drosophila C virus
Apis C virus AWD
Aphid Lethal Paralysis virus
iphum padi virus
I_:Macmbrachfum rosenbergii Taihu virus
Taura syndrome virus

Mud crab dicistrovirus

- Virus Classification

Genome type Honey bees Insects

ingle-stranded
gative-sense RNA

Deformed wing virus Single-strand
1,*5‘{':

positive-sense RN

N\

Single-
stranded
DNA

Double-stranded DNA
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MI am,me‘ \wmg my life as an ant

Who's really in control?

Oh, dort mind me ek
I'm just inside you, hen,
Controlling your behavior.

Parasites

[ ]
Bacteria
All these fools
think they're
In thorge. Heh. Beatrice e
BIAIoJiH

(oncept by Dr. Mark Martin, [niversity of Puget Sound

The Microbiome

We are FULL of
microorganisms

that impact how our
body works
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The Microbiome

23

Some Bad

Some Good

What’s living inside our bees?

The good, the bad and the ugly
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The bee gut

* 8-10 core species of bacteria in the gut, with key roles in health and

development

Environmental and

Antibiotics
Chemicals
Climate/Season
Diet
Age/Caste
Other molecules

Dr Julia Jones, Uppsala University
Session 3A (yesterday)

Developmental Factors

o
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l Pathogen susceptibility
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Immune function
Metabolism

Removal of toxins

3
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Current Opinion in Insect Scienc

VIRUSES

Deformed wing
Kakugo
Black Queen Cell
Sacbrood
Cloudy wing
Israeli Acute Paralysis
Kashmir Bee
Acute Paralysis
Chronic Paralysis
Slow paralysis
Lake Sinai 1 & 2
Apis Rhabdo 1 & 2

Honey bee diseases

FUNGI

Nosema
Chalkbrood

BACTERIA

American foulbrood
European foulbrood
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Arrival of a new pest

Varroa destructor: Parasitic mite

Apis mellifera
European honey bee

Apis cerana
Asian honey bee

Prof Madeleine Beekman,
University of Sydney, Session 5A

10



23/08/2018

SR o e O o B NN

National Geographic Japan; https://www.youtube.com/watch?v=IMtFYt7ko o

Impact of Varroa

* Wounding and weakening

* Damage to the cuticle

* Feeds on haemolymph

* Vector for viruses
* Spreads viruses
* Viruses replicate in mites

Prof Madeleine Beekman, \ \ N M
Unlvers,ty Of Sydney! SeSS|on 7B urs 120 hours 150 hours 180 hours 220 hours 300 hours

11
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Bees brought to their knees

Viruses have changed since the arrival of Varroa

The main culprit: Deformed wing virus (DWV)
* Varroa arrives: DWYV levels rapidly increase
* Left untreated for mites, hives die in 2-3 years

Deformed wing virus
(L AelMTTo

Varroa destructor

Gilles San Martin + '~ ’Klaas de Gelder

Deformed wing virus: Global pandemic

RESEARCH | REPORTS

Global Honey Bee Viral Landscape  roevsecoisease

Altered by a Parasitic Mite Deformed wing virus is a recent

Stephen ). Martin,** Andrea C. Highfield,? Laura Brettell,* Ethel M. Villalobos,? glObal epidemic il'l hOlleyl)ees dl"iVEI'l
Giles E. Budge,* Michelle Powell,* Scott Nikaido,? Declan C. Schroeder™ .
by Varroa mites

8 JUNE 2012 VOL 336 SCIENCE
5 FEBRUARY 2016 - VOL 351 ISSUE 6273 sciencemag.org SCIENCE

12
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So how do we stop viruses?

...get rid of mites...?

Ways to get rid of mites

e Chemical treatments Dr Jody Wu-Smart, University of
Nebraska-Lincoln, Session 4A

* |n hive residues bad for bees
¢ Mites can become resistant Dr Medhat Nasr, Ministry of

Alberta Agriculture and Forestry,
Session 5A

* Natural selection of Varroa-tolerance or resistance
* Over time, bees learn to live with, or get rid of, mites

Prof Madeleine Beekman,
University of Sydney, Session 5A

13
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Worldwide evolution of Varroa-resistance /tolerance

Colonies survive mite infestations without chemical intervention

Gotland, Sweden

1. Breeding programs

“Live and let die”
: J8 { LIVEANDLETDIE®
Kenya, Tanzania, 4" V . s

B B Y s

Fernando de
{ Noronha, Brazil

Brazil

South Africa

I S S S S S ;
1900's 1910's 1940's 1950's 1960's 1970's 1980’s 1990's 2000's present absent no data

Wilfert et. al, (2016) Deformed wing virus is a recent global epidemic in honeybees driven by Varroa mites. Science 351(6273), pp. 594-7
Adapted from: Locke, B., 2015 Natural Varroa mite-surviving Apis mellifera honeybee populations. Apidologie: 47: 467-482.

But... are there viruses In
Varroa-resistant bees?

14
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Worldwide evolution of Varroa-resistance /tolerance

Colonies survive mite infestations without chemical intervention

Primorski, Russia

\ ‘% Vava'u, Tonga
g
Kenya, Tanzania, -
y = &

Fernando de
Noronha, Brazil

ﬂ Uganda

New Zealand

I S S S S S =——=
1900's 1910's 1940's 1950's 1960's 1970's 1980’s 1990's 2000's present absent no data

Wilfert et. al, (2016) Deformed wing virus is a recent global epidemic in honeybees driven by Varroa mites. Science 351(6273), pp. 594-7
Adapted from: Locke, B., 2015 Natural Varroa mite-surviving Apis mellifera honeybee populations. Apidologie: 47: 467-482.

Sequence all the genetic material inside a bee

$ s S Illumina HiSeq2500 V”:USE‘S
Bacteria Food

Bee genes
($10,000+)

billions of

- sequence
reads!!

...... GATTCCGAGATACTGGAAGTTTTICT
CGTATAAGGACTTCGATGGTACTCAGG
CTCGCCACTTTAAGGATCCTARAGATC
GGCTCCCACATGACATGATCCACAAAT
TTCGCTAAGATCTCGGATACCAATTCG
CGTAGTCGTGCTAGTCGTACGACTGCT
ACGTACGTACGTAGCTTCGGGGTTTTC
ACGTGGGGGCTTTTTTTATTAAA......

(5-10 bees
per colony)

(x millions)

15
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Virus levels in bees can be pretty high!

Percent of reads aligned to DWV

%75.00
CNew
Zealand
Collapsing
DWYV is absent in some populations
surviving Varroa

50.00
25.00 ‘
0.00
1 2 3 41 2 3 1

2 3 4 51 2 3 4.1 2 3 4 1 2 3 41 2 3 4 5 6
N Mainland Robben Island Arnot Forest Africanised Tongatapu Molokai & Kauai
ew & ‘Eva
Zealand South Africa USA Brazil Tonga Hawaii
Collapsing Populations surviving Varroa Varroa- free

7

8
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100.00

N
o
o
S

50.00

25.00

Percent of reads aligned to DWV

0.00

High levels of DWV in other populations
surviving Varroa

1 2 3 4 1 2 3 1 2 3 4 5 6 1 2 3 4 1 2 3 4 5 1 2 3 4
New Wageningen Various Various Vava'u Oahu & Big Island
Zealand Netherlands UK USA Tonga Hawaii
Collapsing Populations surviving Varroa

7 new RNA viruses
First negative sense RNA viruses in bees

Netherlands South Africa Tonga New Zealand

Apis Rhabdovirus 1 v v N v
W Apis Rhabdovirus 2 N4 N4 Vv
ingle-stranded

v
egative-sense RNA Apis Bunyavirus 1 v
Apis Bunyavirus 2 v

Single-strand Apis C virus v
positive-sense RN Apis Flavivirus J
W Apis Nora virus v

| Remnant et. al, (2017) J Virol |

17
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Apis Rhabdovirus 1 M/

gative-sense RNA

Geographically widespread, multi-host virus

Vava’u, Tonga

South Africa

New Zealand

I N . E——— [:———— ]
1900's 1910's 1940's 1950's 1960's 1970's 1980’s 1990's 2000's present absent no data
Remnant et. al., (2017) Journal of Virology, 91(16); Levin et. al., (2017) Frontiers in Microbiology, 8(2482)

Virus Classification

Genome type Honey bees Insects

ingle-stranded 4 \/
gative-sense RNA

We don’t
K h Single-strand.
now what positive-sense RN,
the new 2 5

viruses do

Single-

stranded
> 2 \/

Double-stranded DNA

18
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What can we do about it2

* Varroa has increased virus levels in bees
* Long term effects on colony survival

*Impact of viruses remains high in most places
* Varroa-resistance is not a complete solution
* Can we reduce virus levels in bees by other mechanisms?

The Insect Immune System

* Insect immunity- less sophisticated than humans
* No antibodies

* Can'’t give them the bee version of a flu shot

uGh, T DoN'T
FEFL 50 GO...

* Bees rely on general immune pathways
* At the colony level: Hygienic behaviour
* Immune genes and pathways

Dr Brock Harpur, University of
Toronto, Session 3B

19
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Social immunity

* Hygienic behaviour
* Worker bees detect sick or dying brood and remove them from the hive
* Worker bees groom mites from other adult worker bees

AR
Good hygiene

Bad hygiene

https://beeinformed.org/2011/07/25/hygienic-behavior/

The Insect Immune System

* Insect immunity- less sophisticated than humans
* No antibodies

e Can't give them the bee version of a flu shot

* Bees rely on general immune pathways
* At the colony level: Hygienic behaviour
* Immune genes and pathways
* The Microbiome is important

20
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For example, in other insects...

OPEN a ACCESS Freely available online PLOS BIOLOGY

The Bacterial Symbiont Wolbachia Induces
Resistance to RNA Viral Infections
in Drosophila melanogaster

Luis Teixeira", Alvaro Ferreira, Michael Ashburner

Department of Genetics, University of Cambridge, Cambridge, United Kingdom

What is Wolbachia?

Wolbachia pipientis

&) "~ "o
& 0
" Wolbachia . .
o etetia

. . . . e D fh.f‘ ; s LR
* Bacteria that lives inside cells sy @y
* Infects about half of all insect species :
g " Wolbachia
* Manipulates insect hosts to increase transmission nsicee an insect cell

* Provides resistance to viruses in flies and mosquitoes

ELIMINATE -

OUR CHALLENGE

21
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ELIMINATE ~

‘Eliminate Dengue’

OUR CHALLENGE
* Dengue fever: WHO #1 mosquito-borne disease

* 30-fold increase in past 10 years

* Aedes aegypti mosquito:
* vector of Dengue, Chikungunya, Zika virus

* Global team spearheaded by Australian labs

* Use a natural mechanism to prevent spread of
Dengue fever: infect mosquitoes with Wolbachia

The Wolbachia method

Wolbachia from

Wild mosquitoes .
other insects

® E 4000001
2 O QQ § 3000007
N (6] .;
\ / $ 2000001
o
5
e § .. Wolbachia are a 1000007
f = \) injected into
L4 mosquito eggs

0.
+Wolb -Wolb +Wolb -Wolb
Strain 1 Strain 2

No¥ ’(o&“j,
DU\S\)Q/ !

75— 42@% s
Wolbachia are passed from mother to offspring

Images: Perran Ross
Moreira, L. A,, et al, (2009). "A Wolbachia symbiont in Aedes aegypti limits infection with Dengue, Chikungunya, and Plasmodium." Cell 139(7): 1268-1278.

22



23/08/2018

The Wolbachia method

Wild Aedes
Aegypti mosquito

Mosquito bites Mosquito ingests Disease infected Mosguito
disease infected blood with mosquito bites transmits disease
person disease anather person to person

Wolbachia stops the
disease from being
transmitted

Wolbachia Aedes
Aegypti mosquito

Wolbachia in bees?

* Present in African honey bee subspecies

* Little evidence for Wolbachia elsewhere in Apis
* Antibiotic treatments will remove Wolbachia

South Africa USA Europe Australia
Il Wolbachia positive
I Wolbachia negative
Total=106 Total=86 Total=80 Total=71

Can Wolbachia provide virus resistance to honey bees?

23
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Can we immunise honey bees with bacteria?

Wolbachia transinfection:

- Contained in our quarantine lab
- Microinjection of honey bee eggs
- Injection into queen pupae = ovaries

- Next steps: test viruses in positive
pupae

WATCH THIS SPACE!

Prof Phil Lester, Victoria University of ENDEAVOUR {,‘K
We”ington; SeSS|On 8B Scholarships eﬁvd Fellowships

Can we immunise honey bees with bacteria?

Insect cell

EIJMINATE“#EV

OUR CHALLENGE
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Take home messages

1. Varroa + viruses = Bad News

2. We are in a unique position to prevent damage caused by viruses as
seen elsewhere in the world, if Varroa mites arrive

3. Protective bacteria could provide a new way to reduce viruses

University of Sydney Tonga
Madeleine Beekman Bruce White
Ben Oldroyd Lamorna Osborne
Boris Ya.gound New Zealand
Tom Gillard -
i Phil Lester
Gabriele Buchmann .
N Jessica Russell
Michael Holmes
James Baty
University of Salford Peter Dearden

Stephen Martin Wangeningen University

Laura Brettel . -
. . Tieerd Blacquiére
Jessica Kevill MARIE BASHIR

INSTITUTE FOR
INFECTIOUS DISEASES
AND BIOSECURITY

LS AUSTRALIA L LT 2017 Scienc

e
& PACIFIC 3 and Innovation Awards
_ SCIENCE ! L | f for Young People in Agriculture,
FOUNDATION W\ Fisheries and Forestry
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