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Abstract

Social bees, which make up around 90% of the entire bee population, congregate and work inside a colony. In scientific research, they are frequently underrepresented. The goal of this study is to determine the pollen species found in beehives as well as the bacteria found in bee stomachs. The Western honeybee, Apis mellifera, was used to isolate genomic DNA (gDNA) from pollen and bee intestines. Bees were grabbed when they emerged from the honeycomb cell, dissected, and analyzed to see if any hazardous bacteria were present. The next step is to see if the bacteria is contributing to the loss of honeybee colonies. This article will provide an outline of the research, including how it was carried out and next actions.























Introduction

Honeybees have been the subject of countless studies over the years. The study covers everything from honey production to pollen collection by bees. According to a study published by Auburn University, one of the leading universities for bee research, around 45.5 percent of beekeepers reported colony loss between April 2020 and April 2021. (Woods 2021). This claim represents the highest loss since 2006. One essential question for my research was born from this information: What could be causing these rapid colony deaths? My mentor and I chose to investigate the bacteria found in the western bee's digestive tract for two reasons: 1.) The digestive system is the central organ of the bee, and it is in charge of pollination and other biological processes. 2.) Inside the digestive tract, there are millions upon millions of live bacteria from all spectra. The bacteria were collected and identified using the Next Generation Sequencing technique.
Researchers can use metagenomic sequencing to collect all of the DNA in an organism while focusing on specific key genes, such as the 16S rRNA gene, to determine which bacteria species are present. The 16S rRNA gene is responsible for the microbial ribosome's 16S rRNA component. Within this gene, there are nine hypervariable  regions, and sequencing certain sections  can help identify DNA fragments from different bacteria species. Previous research suggests that sequencing the V5/V6 regions with Next-Generation Sequencing of carpenter bees provides the best overall coverage for reliably detecting bacterium diversity (both Bacteria and Archaea domains). 1 To our knowledge, no research has been done on honeybees to see if there is an ecological relationship between pollen collected and honey production. Metagenomic sequencing allows researchers to sample all DNA present within an organism, but identify specific gene targets, such as the 16S rRNA gene, to elucidate which species of bacteria are present within that organism is an ecological relationship between pollen gathered and the gut microbiome. 

Purpose

The goal of this study is to identify the pollen species found in beehives and the bacteria found in bee intestines in order to see if there is a link between the two. This could be crucial for future applications in a variety of bee-related fields of study. Especially for honey production and hive productivity. Future uses of this research could include assisting beekeepers in identifying one of the reasons driving colony deaths. This could help reduce colony loss while also improving the overall hive productivity, health, and honey production. This translates to increased financial growth in the beekeeping business.

Methods
The method for isolation was adapted from, Dynamic Changes of Gut Microbial Communities of Bumble Bee Queens through Important Life Stages (Wang, 2019.) The purification of the bacteria happened in  5 stages.  The first step is the digestive tract, consisting of the midgut and hindgut, was removed from the abdomen using dissecting scissors and forceps, and intestinal and pollen samples were stored at -80 Celius until further use. The second step is the pollen or samples were homogenized using the Vortex Genie TurboMix attachment and gDNA was extracted from the samples using the Quick-DNA Fungal/Bacterial Miniprep Kit (Zymo Research).  The third step is purified DNA was quantified  with a Qubit 4 Fluorometer (Thermo Fisher) to determine concentration (~ 10 ng/microliter).  The fourth step is tagmentation. The fifth and the final step is sequencing will be performed using the Miniseq Sequencing System (Illumina) to identify pollen and the gut sample.
DNA quality control checks were  be implemented throughout this process to ensure that the gDNA is free from any contamination or degradation. 

Results/ Future directions
Steps four and five must be accomplished when the research is still in its early phases. One of the main objectives for this semester's research was to isolate the bacteria in the DNA and quantify it in order to determine how much DNA was present. As a consequence, we quantified 30 samples in total, including 17 gut samples and 13 pollen samples. After quantification, every sample contained viable DNA, which was confirmed. The next step is to fragment gDNA using bead-linked transposons into 350-bp pieces, which is the first stage of library prep. These fragments will be ligated with unique dual indices to enable for combinatorial sequencing of up to 96 pooled samples. Once the librabry has been prepared and the bacterica has been identified, the direction of the research can be determined. As time goes on, the total progress of the research will continue to improve. The potential for this research's applicability is enormous.
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Example of   The bees  emereging from the cell before dissection 
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Description automatically generated]Bees being held in a beaker for contaminment after collection until ready for the dissection phase.
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Section in red is the portion that was extracted from the bee
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