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European honey bee, Apis mellifera

(By Andreas Trepte - Own work, CC BY-SA 2.5, https://commons.wikimedia.org/w/indé;(.php?curid=10979574)




CROP POLLINATION

Cross-pollination

poilen 1. Polen from S1amend S5Cks 10 a beeo

o 2% 1 VSIS 0 Bower 20 CoSaot iod 3. Pollen 05 e Bae $8cks
00 & et of 0 Aower
of the Sther Dot

3 )- |
. l 6.’0" - ‘
\"‘ . \‘ & .
% " PO
2. The boe Yavels

10 anoee phare
¢l the same hype

(' 4'\).‘6 " ™ '.-:'2 . "l"'... 'y "

-

Pollination: The transfer of pollen from the male anther to the female stigma,
which results in fertilization of plant ovaries and the production of seeds.




Grocery Shelves With or Wlthout Honey Bees

Your produce choices
without bees

Your produce choices
with bees

http:/iwww. fastcode5|gn com/1672866/this- |s-what-0ur-grocery—shelves-would-look Ilke-W|thout bees

The Breakfast With or Without Honey Bees

http://www.scientificamerican.com/article/breakfast-without-bees/



The total economic values of
pollination worldwide amounted
to €153 billion, which represented
9.5% of the value of the world
agricultural production used for
human food in 2005.

Gallai et al. 2009 Economic valuation of the vulnerabilit
of world agriculture confronted with pollinator decline.
Ecological Economics. 68(3):810-821.
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The Plight of the Honeybee
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Colony Collapse Disorder (CCD)
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By ALEXEI BARRIONLUEV(

VISALIA, Calif, Feb, 23 —
beakesper, but he got the s
half of his 100 million bee

In 24 states throughout th

[V EZ=Y One-Minute

News Front Page .25t Updated: Sunday, 11

v m E-mail this to a friend
% ‘i""{‘ Vanishing bee:
AR
7 By Matt Wells

Africa  g8C News, Florida, USA

Americasl
Asia-Pacific

Eicone It is officially called |
TR pithy way of describ
Syndrome.

South Asia i C) ) Wh a)

>

jeekeepers are report

‘thousands of honeybee colonies across
teepers and possibly crops that need

:d Colony Collapse Disorder.

[ Enlarge This Pho!

Abeeis seen on
the blossom of an
almond tree near
Modesto, Calif., in a
file photo from
Friday, Feb. 20,
2004. As the cold
slowly loosens its

ml;uin nn r'.alif 'S

Business
Health

Science &
Environment

Technology
Entertainment
Also in the news

are opening up their h
preparation for the sp
pollination season, onl
that their bees are de
have disappeared.

oK All over America, beek - \ ey b X
A\

losses to CCD.

5

ju/pressReleases/CCDMap07FebRevi1-jpg

ey

Honey bee collapse
could cost country

> &

Nobody, so far, knows why. £200 million, say MPs

BBC iPlayer choices -
b da Ap

\lidan and Audia

Comment Travel Culture T

pS Weird Earth Science Health b

g extinction
S‘r;are
ippear, man would follow

/sterious condition that
States over the last 35

lain the fall in honey bee
1 fears of that a new

disease, the effects of pollution or the increased use
of pesticides could be to blame for "colony collapse

disorder”. From 1971 to 2006 approximately one half
of the US honey bee colonies have vanished

Ads by Google
Volunteer Mis:




TOTAL US MANAGED HONEY BEE COLONIES
LOSS ESTIMATES

O Acceptable Winter Loss O Total Winter Loss W Total Annual Loss

o
]
=]
=l
B
2

Survey Year

Source: The Bee Informed Partnership (http://beeinformed.org/)




NOSEMOSIS IN HONEY BEES
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Nosema apis:
Found in the European honey bee,

Apis mellifera (Zander. 1907)

KINGDOM: Fungi
PHYLUM: Microsporidia ;
FAMILY: Nosematidae i
~ GENUS: Nosema

Nosema ceranae:
First described in the Asian honey bee, Apis

cerana (Fries et al., 1996) and later identified
mmmmmm s . as a disease of A. mellifera in Taiwan and
: = Spain (Higes et al., 2006; Huang et al., 2007).

protein data. Science (2000) 290:972-977

Baldauf et al. A level of based on



Table 1. Closest sequenced relatives identified through BLAST analysis of the high-throughput sequence data. *Indicates
viruses not yet classified by the International Committee on the Taxonomy of Viruses but that exhibit the key features of the
indicated taxon. 'Found in Jeyaprakash et al. (2003). *Found in Babendreier et al. (2007).

Science

Kingdom Taxon (rank) Organism
Bacteria Firmicutes (phylum) Lactobacillus sp."*
Uncultured Firmicutes?
Bacteria Actinobacteria (class) Bifidobacterium sp.'
Bacteria Alphaproteobacteria (class) | Bartonella sp."?
AM s f Gluconacetobacter sp.l‘2
. etagei?omm Urksy 9 l Bacteria Betaproteobacteria (class) Simonsiella sp.Lz
Microbes ”:] Honey Bee Colony Bacteria Gammaproteobacteria Two uncultured species"2
Collapse Disorder (class)
il oo odlaxibati Ealan, Fungus Entomophthorales (order) Pandora delphacis
Edward C. Holmes, Gustavo Palacios, Fungus Mucorales (order) Mucor spp.
Jay D. Evans, Nancy A. Moran, Phenix-Lan Quan, : . )
Thomas Briese, Mady Hornig, David M. Geiser, Fqngus / . Nosematidae (family) Nosema ceranae
Vince Martinson, Dennis vanEngelsdorp, Microsporidian
Abby L. Kalkstein, Andrew Drysdale, Jeffrey Hui, Fungus / Nosematidae (family) Nosema apis
Junhui Zhai, Liwang Cui, Stephen K. Hutchison, Mi i
Jan Fredrik Simons, Michael Egholm, 1crosporidian
Jeffery S. Pettis, W. lan Lipkin Eukaryota Trypanosomatidae (family) | Leishmanial/Leptomonas sp.
12 October 2007 Metazoan Varroidae (family) Varroa destructor
Voluime’318, ppia8a:asy Virus (unclassified) Chronic bee paralysis virus*
Virus Iflavirus (genus) Sacbrood virus
Virus Iflavirus (genus) Deformed wing virus*
Virus Dicistroviridae (family) Black queen cell virus
Virus Dicistroviridae (family) Kashmir bee virus*
Virus Dicistroviridae (family) Acute bee paralysis virus
%‘ AAAS Virus Dicistroviridae (family) Israeli acute paralysis virus of
bees*
Number of positive samples Positive
7z (20 positive of samples tested) Predictive | Sensitivity | Specificity
S eI Value (2o) (20)
c_cCID non-CCI> Total (2o)
(rz — 30) (rz =— 21) (rz — S1)
IAPYV 25 (83.320) 1 (4.8206) 26 (51.0%206) O6.1 3.3 os.2
KBYV 30 (100°20) 16 (76.2206) 46 (90.220) 65.2 100 23.8
IN. cipris 27 (90°20) 1O (47.6206) 37 (72.520) 73.0 0.0 s52.4
N. cercrice 30 (100°206) 17 (80.926) 47 (92.1°20) 63.3 100 19.0
All 4 agents |23 (76.7206) O (02%) 23 (45.020) 100 76.7 100




NOSEMA INFECTION CAUSES NEGATIVE IMPACTS
ON HONEY BEE HEALTH

Immune suppression in the honey bee (Apis mellifera)
following infection by Nosema ceranae (Microsporidia)
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Nosema spp. infection and its negative effects on
honey bees (Apis mellifera iberiensis) at the colony
level
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Crop Pollination Exposes Honey Bees to Pesticides Which
Alters Their Susceptibility to the Gut Pathogen Nosema
ceranae
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Pathological effects of the microsporidium Nosema ceranae on honey bee
queen physiology (Apis mellifera)

Cédric Alaux**, Morgane Folschweiller®, Cynthia McDonnell , Dominique Beslay %, Marianne Cousin®,
Claudia Dussaubat*, Jean-Luc Brunet®, Yves Le Conte*

Environmental Microbiology (2010) 12(3), 774-782 doi:10.1111/.1462-2920.2009.02123.x

Interactions between Nosema microspores and a
neonicotinoid weaken honeybees (Apis mellifera)

interactions that are widely used to eliminate insect
pests in integrative pest management.

Cédric Alaux,"* Jean-Luc Brunet,?
Claudia Dussaubat,’ Fanny Mondet,*

Sylvie Tchamitchan,” Marianne Cousin,?

Julien Brillard,’ Aurelie Baldy,' Luc P. Belzunces’
and Yves Le Conte’

'INRA, UMR 406 Abeilles et Environnement, Laboratoire

Introduction
The current decline in abundance and diversity of wild
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Nosema ceranae and queen age influence the
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Nosema ceranae (Microsporidia), a controversial 21st
century honey bee pathogen

and colony levels, but it also has significant effect:
on the production of honeybee products.
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IMPACT OF ANTIBIOTIC TREATMENT TO
NOSEMA INFECTION
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Li, J. H., et al. New evidence showing that the destruction of gut bacteria by antibiotic treatment
could increase the honeybee’s vulnerability to Nosema infection. PLoS ONE, 12(11): e0187505
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A GENOMIC APPROACH

Genome Sequencing and Analysis of Genome quuencmg_ of Noser_na ceranae and N. apls_
and comparative genomic analysis of two Nosema specices
Nosema ceranae
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Cornman et al. (2009). Genomic analyses of the microsporidian Nosema ceranae,
an emergent pathogen of honey bees. PL0S Pathog. 5(6):e100466.
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# of Saquences

Chen et al., (2013) Genome sequencing and comparative genomics of honey bee
microsporidia parasite, Nosema apis reveal novel insights into host-parasite interactions.

BMC Genomics. 14:451.




SEQ. ID
NcORF-00063
NcORF-00064
NcORF-00308
NcORF-00240
NcORF-00600
NCORF-00159
NcORF-00803
NcORF-00159
NcORF-00543

NcORF-01130
NcORF-02428

NcORF-00608
NcORF-00083

NcORF-00182
NcORF-00659

NcORF-00086
NcORF-00440
NcORF-00537
NcORF-00316
NcORF-01150
NcORF-00170
NcORF-00319
NcORF-00097
NcORF-00461
NcORF-00540
NcORF-00663
NcORF-00705
NcORF-00710
NcORF-00711

NcORF-02000
NcORF-00738

NcORF-00751

Over 500

GENE/PROTEIN
swp25 nosbo ame/Spore wall protein
swp25 nosbo amef/Spore wall protein
swp26 nosbo ame/spore wall protein
Spore wall protein 12
swp32 nosbo ame/spore wall protein 30
hypothetical spore wall protein 25 flags
spore wall and anchoring disk complex
hypothetical spore wall protein
hypothetical spore wall protein 381
enpl1/Spore wall and anchoring disk
complex
y215/Spore wall protein ecu02_0150 flags
swp25 nosbo ame/Spore wall protein 25
flags

Polar tube protein 3

chitin synthase d
chitin synthase activator

protein transport protein

transport protein Sec23

protein transporter sec24

golgi gdp-mannose transporter
transmembrane protein

atp adp translocase

atp adp translocase

atp-binding cassette sub-family
vacuolar protein sorting-associated protein
vesicular transport protein

abc transporter

abc transporter (mitochondrial type)
abc transporter

abc atp-binding permease protein

mitogenactivated protein kinase organizer
ngg1-interacting factor 3

mitotic checkpoint protein bub3

Conserved hypothetical proteins

FUNCTION
Host Cell Adhesion
Host Cell Adhesion
Host Cell Adhesion
Host Cell Adhesion
Host Cell Adhesion
Host Cell Adhesion
Host Cell Adhesion
Host Cell Adhesion
Host Cell Adhesion

Host Cell Adhesion
Host Cell Adhesion

Host Cell Adhesion
Host Cell Invasion

Spore Wall Formation
Spore Wall Formation

Energy Parasitism
Energy Parasitism
Energy Parasitism
Energy Parasitism
Energy Parasitism
Energy Parasitism
Energy Parasitism
Energy Parasitism
Energy Parasitism
Energy Parasitism
Energy Parasitism
Energy Parasitism
Energy Parasitism
Energy Parasitism

Pathogenicity
Regulation
Pathogenicity
Regulation
Pathogenicity
Regulation

N. ceranae VIRULENT FACTORS

HOMOLOGOUS TO

N. apis
No
No

Yes

Yes

Yes

Yes
Yes
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KNOCKDOWN OF N. ceranae ADP/ATP
TRANSPORTER GENES
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Paldi et al. (2010) Effective Gene Silencing in a Microsporidian Parasite Associated
with Honeybee (Apis mellifera) Colony Declines. AEM. 76 (17): 5960-5964.




N. eeranae POLAR TUBE/FILAMENT

Electron Micrograph of the Nosema ceranae Spore
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Chen, Y. P. et al. 2009. . Morphological, molecular, and
phylogenetic characterization of Nosema ceranae, a
microsporidian parasite isolated from the European
honey bee, Apis mellifera. J. Euk. Micro. 56(2): 142-147.
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NOSEMOSIS CONTROL BY RNAIi SILENCING
GENE ENCODING POLAR TUBE PROTEIN 3 (PTP3)

E= Group I: Nosema + ptp3-dsRNA
B8 Group |l: Nosema (no treatment)

Fold difference
- - N
o (4.} o
T i T

o
1

Day 5 Day 10 Day 15 Day 20

Fig. 1. Dynamic of Nosema ceranae ptp3 expression in infected bees at
different sampling points. Honey bees were inoculated with 10° N. ceranae
spores first and then fed with ptp3-dsRNA (group I), or negative control
without any treatment (group Il). The fold difference is expressed as means.d.
The calibrator for each time interval used to normalize the gene expression was
the group with the lowest expression and is represented with a grey star.

A t-test was used to analyse the differences between data, and represented
with asterisks (*P<0.05, **P<0.001). Group Il had no N. ceranae spores and
was not represented.
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Fig. 2. Effects of ptp3dsRNA treatment on the expression of genes encoding abaecin, apidaecin, h; in, defensit birc5 atdays 5,10, 15|
20 post-treatment. (A) Abaecin; (B) apidaecin; (C) hymenoptaecin; (D) defensin-1; (E) birc. Group |, Nosema-infected bees with ptp3-dsRNA treatment; grot
Nosema-infected bees without treatment; group Ill, Nosema-uninfected healthy bees. The relative nonmalized expression is expressed as meants.d. The

calibrator for each timeinferval used to normalize the gene expressionwas the group with the lowest expression and is represented with a gray star. One-way AN{

and Tukey's post hoc test was used to analyse the differences between data. Significant differences are represented with asterisks (*P<0.05, **P<0.001).

X1 Group I: Mosema + pip2dsRNA
1.2>10° =8 =] Group IIl: Nosema (no treatment)
I Group Iil: uninfected (healthy bees)
1.0108+
8.0<107
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E=1 Group I: Nosema + pip3<isRNA
Il Group II: Nosema + (no treatment)

Fold difference

Day 10 Day 15

Fig. 3. Effect of ptp3 silencing on the spore load of adult workers infected
by N. ceranae. (A) The spore load is expressed as meants.d. (B) The relative
normalized expression of 165 rRNA is also expressed as meanzs.d. The
calibrator for each time interval used to nomalize the gene expression was the
group with the lowest expression and is represented with a gray star. A {-test
was employed to analyse the differe nces between data, and represented
with asterisks (*P<0.05, **P<0.001). Group Il was free of spores and without
18S rRNA expression during all sampling points, so is not represented in B.

Rodriguez-Garcia et al. 2018. Nosemosis control in
honey bees Apis mellifera by silencing the gene
encoding Nosema ceranae polar tube protein 3.

J Exp Biol.5;221(Pt 19). pii: jeb184606.




A MODEL OF SILENCING MECHANISM BY RNAI

N. ceranae
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CONCLUSION: N. ceranae gene ptp3is a good candidate for the development
of an innovative therapeutic strategy for large scale field application in

the future.
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A TRANSCRIPTOMIC APPROACHE

GO Biological Process
(Total # genes: 1068; Total # process hits: 1420)

Apoptotic process (GO:0006915)

Biological adhesion (G 22610)

Biological regulation (GO:0065007)

Cellular component organization (GO:0071840)

Cellular process (GO:0009987)

Developmental process (G0:0032502)

Immune system process (GO:0002376)

Localization (GO:0051179)

Locomotion (GO:0040011)

Metabolic process (GO:0008152)

Multicellular organismal process (GO:0032
» Reproduction (GO:0000003)

Response to stimulus (GO:0050896)

GO Molecular Function
(Total # genes: 1068; Total # function hits: 929)

Antioxidant activity (GO:0016209)

Binding (GO:0005488)

Catalytic activity (GO:0003824)

Enzyme regulator activity (GO:0030234)
Nucleic acid binding transcription

factor activity (GO:0001071)

Protein binding transcription factor
activity (G 00988)

Receptor activity (GO:0004872)

Structural molecule activity (GO:0005198)
Translation regulator activity (GO:0045182)
Transporter activity (GO:0005215)

GO Cellular Component
(Total # genes: 1068; Total # component hits: 413)

#m Cell part (GO:0044464)
Extracellular matrix (GO:0031012)
Extracellular region (GO:0005576)
! Macromolecular complex (GO:0032991)
Membrane (GO:0016020)
Organelle (GO:0043226)

Host Responses to N. ceranae Infection
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HONEY BEE IMMUNE DEFENSES
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SCHEMATIC OF THE DEFENSE STRATEGIES OF INSECTS
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Rowley and Powell. (2007) Invertebrate Immune Systems—Specific, Quasi-Specific, or Nonspecific?
J. Immunol. 179 (11) 7209-7214



SIGNAL PATHWAYS IN THE HONEY BEE IMMUNE RESPONSES
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HOST IMMUNE RESPONSES TO N. ceranae INFECTION

C a n o n i ca I Wn t Si g n a I i n g https://www.caymanchem.com/Article/2189
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KNOCKDOWN OF nkd GENE IN ADULT BEES
BY dsRNA INGESTION
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Li et al. (2016) Silencing honey bee (Apis mellifera) naked cuticle (nkd) improves host
iImmune function and reduces Nosema ceranae infections. Applied and Environmental
Microbiology. 82:6779-6787.




EFFECT OF nkd GENE SILENCING ON THE
N. ceranae INFECTION LEVELS IN ADULT BEES
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Li et al. (2016) Silencing honey bee (Apis mellifera) naked cuticle (nkd) improves host immune function and reduces
Nosema ceranae infections. Applied and Environmental Microbiology. 82:6779-6787.




EFFECT OF nkd GENE SILENCING ON THE
LIFESPAN OF N. ceranae infected HONEY BEES
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Li et al. (2016) Silencing honey bee (Apis mellifera) naked cuticle (nkd) improves host immune function and reduces
Nosema ceranae infections. Applied and Environmental Microbiology. 82:6779-6787.




Group 1: pollen

Group 2: Pollen + Antibiotics

Group 3: neither pollen nor antibiotics
Group 4: Antibiotics
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Fig. 2. Effect of antibiotics on the activity of honey bee gut bacteria. Fig. 4. Effect of pollen diet and antibiotics on the expression of vg B . T . .
insulin like peptide (ilp1)
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Fig. 3. Effect of pollen diet and antibiotics on the expression of tor and
ilp1in honey bees. (A,B) The relative expression levels of tor (A) and ilp7 (B).
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Li, J. H., et al. 2019. Pollen reverses decreased lifespan, altered nutritional metabolism, and
suppressed immunity in honey bees (Apis mellifera) treated with antibiotics. J Exp Biol. 222: jeb202077




CONCLUSIONS

« Silencing both parasite/pathgen virulent
factors and host immune suppressors could
be an efficient way to improve honey bee
Immunity, suppress Nosema reproduction,
and improve overall honey bee health.

« RNAI holds great therapeutic potential for

honey bee disease treatment that merits
further exploration.

* Pollen and gut microbes play essential role In
promoting honey bee immunity and health.
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