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CROP POLLINATION 

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.   

 
 



 The Breakfast  With  or Without Honey Bees  

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

Grocery Shelves  With or  Without  Honey Bees 

http://www.fastcodesign.com/1672866/this-is-what-our-grocery-shelves-would-look-like-without-bees 

Grocery Shelves  With or  Without  Honey Bees 

http://www.fastcodesign.com/1672866/this-is-what-our-grocery-shelves-would-look-like-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 vulnerability  

of world agriculture confronted with pollinator decline.   

Ecological Economics. 68(3):810-821. 



AGRICULTURE SUFFERS FROM DECLINE 

IN BEES 
 



 Colony Collapse Disorder (CCD) 

States (in red) where beekeepers are reporting  

honey bee losses to CCD. 

(http://maarec.cas.psu.edu/pressReleases/CCDMap07FebRev1-jpg 



TOTAL US MANAGED HONEY BEE COLONIES  

LOSS ESTIMATES 

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



NOSEMOSIS IN HONEY BEES 

 
Nosema apis: 

  Found in the European honey bee,  

 Apis mellifera (Zander. 1907)  

 

Nosema ceranae:  

 First described in the Asian honey bee, Apis  

 cerana (Fries et al., 1996) and later identified  

 as a disease of A. mellifera in Taiwan and  

 Spain (Higes et al., 2006; Huang et al., 2007).  

 





NOSEMA INFECTION CAUSES NEGATIVE IMPACTS  

ON HONEY BEE HEALTH 



LIFE WITHOUT FUMAGILIN-B 



IMPACT OF ANTIBIOTIC TREATMENT  TO  

NOSEMA INFECTION 
 

Fig 1.  Disruption of bacterial activity 

 in honey bee by antibiotic treatment 

Fig 3.  Effect of bacteria disruption on the  

expression of genes encoding antimicrobial  

peptides (AMPs). 

Fig 4.  The relative quantities of  

N. ceranae in infected bees 

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 

Fig 5.  Effect of bacteria disruption by  

antibiotic and/or Nosema infection on the  

survivorship of adult workers 



OMICS 

GENOMICS 

TRANSCRIPTOMICS PROTEOMICS 

MICROGENOMICS 

EPIGENOMICS 

METAGENOMICS 

OMICS-BASED DESIGN AND PRACTICE 



A GENOMIC APPROACH 

 

Cornman et al. (2009).  Genomic analyses of the microsporidian Nosema ceranae,  

an emergent pathogen of honey  bees.  PLoS Pathog. 5(6):e100466.  

 

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.   
  

 

 



N. ceranae VIRULENT FACTORS 



Innate Immunity 

  Cellular   

  Humoral 

Host Defense 

  Caste and age 

  Behavior 

 

 

Host  

 

Virulent Factors: 

  Invasion 

  Virulence 

  Defense  

    avoidance 

Parasite 

No Protein Expression 

RNA INTERFERENCE (RNAi) 



 

 

Paldi et al. (2010) Effective Gene Silencing in a Microsporidian Parasite Associated 

with Honeybee (Apis mellifera) Colony Declines.  AEM. 76 (17): 5960–5964.   

KNOCKDOWN OF N. ceranae ADP/ATP  
TRANSPORTER GENES 



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. 
 

N. eeranae POLAR TUBE/FILAMENT 

Polar Filaments 

Polar Filament 



NOSEMOSIS CONTROL BY RNAi SILENCING  

GENE ENCODING POLAR TUBE PROTEIN 3 (PTP3) 

Rodríguez-García 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 

CONCLUSION: N. ceranae gene ptp3 is a good candidate for the development  

of an innovative therapeutic strategy for large scale field application in  

the future.  



Innate Immunity 

  Cellular   

  Humoral 

Host Defense 

  Caste and age 

  Behavior 

 

 

Host  

 

Virulent Factors: 

  Invasion 

  Virulence 

  Defense  

    avoidance 

Parasite 

No Protein Expression 

RNA INTERFERENCE (RNAi) 



A TRANSCRIPTOMIC APPROACHE 

 

 



 

 

HONEY BEE IMMUNE DEFENSES 

Social Immunity 
 Cuticle barrier 

 Microbiota 

 Cellular  

 Humoral (Antimicrobial peptides) 

 Apoptosis 

 RNAi 

 Task specialization 

 Social Fever 

 Grooming 

 Hygienic Behaviors 

Individual Immunity 



SCHEMATIC OF THE DEFENSE STRATEGIES OF INSECTS 

Rowley and Powell. (2007) Invertebrate Immune Systems–Specific, Quasi-Specific, or Nonspecific? 

J. Immunol.  179 (11) 7209-7214 



 

 

Brutscher et al., Antiviral defense mechanisms in honey bees .   Current Opinion in Insect Science.  10: 71-82.   

SIGNAL PATHWAYS IN THE HONEY BEE IMMUNE RESPONSES  
 



HOST IMMUNE RESPONSES TO N. ceranae INFECTION  
 



KNOCKDOWN OF nkd GENE IN ADULT BEES  

BY dsRNA INGESTION 

 

The Concentration of nkd dsRNA  

40 μg/ml         20 μg/ml          10 μg/ml      NC  40 μg/ml         20 μg/ml          10 μg/ml       NC 

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  

N. ceranae INFECTION LEVELS IN ADULT BEES  

GFP-dsRNA (NC)                             nkd-dsRNA 

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 

Uninfected Bees 

Nosema infected bees  

With  dsRNA treatment 

Nosema infected bees  

without  dsRNA treatment 

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.  

 



A NUTRITIONAL APPROACH 

Group 1: pollen    

Group 2: Pollen + Antibiotics 

Group 3: neither pollen nor antibiotics  

Group 4: Antibiotics  

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 

  
 

target of rapamycin (tor)  

Vg 

insulin like peptide (ilp1) 

Royal jelly proteins  



 

 
 

 

 

 

 

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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