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Objectives: 
 
1. Determine if supplemental forage affects honey bee immunity by measuring pathogen load.  
2. Determine if the availability of supplemental forage affects honeybee immunity by 

measuring production of immune compounds. 
3. Determine if rapini cover crops and native plant cover crops provide the same quality of 

forage in regard to honey bee immunity. 
 
Interpretive Summary: 
 
Results in 2015-2016 showed large effects on colony survival, where colonies that were given 
supplemental forage before the almond bloom had greater survival later in the year. To test 
whether supplemental forage can help bees fight of disease, we are measuring the disease 
load and immune system function of honey bees exposed to two types of supplemental forage 
or no supplemental forage. We currently have the immune function data collection finished and 
are close to finishing the pathogen screens and quantification. These results will be crucial for 
our ability to identify benefits of supplemental forage. 

 
Materials and Methods:  
 
As weak colonies can obtain Black Queen Cell virus, Lake Sinai virus, and Sacbrood virus 
during the almond pollination (Cavigli et al. 2015), we will screen for these viral pathogens. 
Deformed Wing Virus (DWV) is also prevalent worldwide (Wilfert et al. 2016), so we will 
additionally screen for this virus. We will use the RNA portion of the TRIzol extraction to make 
complimentary DNA using random hexameric primers. We will then use specific primers to 
determine which samples contain viruses (de Miranda et al. 2013). To quantify viral load in 
samples positive for virus, we will conduct quantitative PCR using standard protocols (de 
Miranda et al. 2013). We will run both positive and negative controls for all reactions and run 
each reaction in triplicate. 
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We will follow a similar protocol for eukaryotic pathogens, but instead of using the RNA portion 
of the TRIzol extractions we will use the DNA portion of these extractions. We will screen for 
the common honey bee pathogens Nosema ceranae, Nosema apis, Crithidia mellificae, and 
Apicystis bombi. We will first test for pathogen presence using PCR, followed by quantitative 
PCR to determine absolute abundance in the positive samples (Meeus et al. 2010, Fries et al. 
2013). We will again follow standard protocols including all appropriate controls and triplicate 
qPCR reactions. McFrederick will conduct nucleic acid extractions as well as virus and 
eukaryotic pathogen screens in his lab at UC Riverside. 
 
To determine if Varroa load differs between treatments, we will measure mite levels at each 
sampling point. We will follow the COLOSS BeeBook standard methods for measuring mite 
infestation rate (Dietemann et al. 2013). We will collect 300 bees per colony into a jar with 2 
mm hardware mesh screen on the lid, add one tablespoon of icing sugar, roll the bees and let 
them stand for 1 minute, shake the jar upside down onto a white cloth for one minute, then 
count the number of mites that have been dislodged.  
 
To quantify bee immune response to the different cover crop treatments, we will use 
quantitative PCR to measure expression of two immune genes that have been shown to be 
upregulated in bees fed honey compared to those fed sucrose: the gene that encodes the 
antimicrobial peptide abaecin (Mao et al. 2015) and pale (Wheeler and Robinson 2014). We 
will additionally measure expression of genes that are known to be involved in bee immunity 
such as defensin, apidaecin, and hymenoptaecin, and the immune signaling gene Toll (Evans 
2006, Evans et al. 2006, Chaimanee et al. 2012). We will run each PCR in triplicate, along with 
the honey bee housekeeping gene RPS5 as a baseline against which to measure relative 
expression (Evans 2006). Anderson will conduct immune gene expression analyses in his 
aboratory at the Carl Hayden Bee Research Center. 
 
We will analyze longitudinal data using repeated measures ANOVA in the program R. We will 
check the residuals for homoscedasticity with normal quantile plots. 
 
Results and Discussion: 
 
The field work and colony health measurements for this project were conducted by the Niño 
lab and these components are now complete (see Niño project report).  
 
We have completed DNA/RNA extraction, eukaryotic pathogen screening, and host immune 
gene expression of 30 bees per colony for each timepoint (32 colonies, 6 timepoints). We have 
also completed cDNA construction and will finish RNA virus screening this summer/fall. We will 
then analyze all data and present our final results at the Almond Conference.  
 
Research Effort Recent Publications: 
 
We published two papers from previous ABC support in 2018:  
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