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Abstract: Stingless bees are the main pollinators in the tropical regions because they 

entirely rely on flowers for nectars and pollen to feed their larvae. They help in pollinating 

many forests and are valued pollinators in biodiversity. Tetragonula /Trigona is known as 

the largest genera of stingless bees comprising 32 species worldwide and (meliponini) are by 

far the largest group of eusocial bees on earth with more than 500 described species and 43 

species occurring in the Asian region. In a sterile environment, we surface-sterilized the bees 

in 75% alcohol for 20 s and then washed them with sterile water. Finally, the entire gut was 

removed from the abdomen of each bee. The sample was homogenized with 1 ml of Insect 

saline solution. 16S RNA analysis was performed by the outsourcing service from Rajiv 

Gandhi Center for Biotechnology, Thiruvanatpuram. 
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I. INTRODUCTION 

Bees play an important key role in sustaining our biodiversity and ecosystem also they help in generating the economic 

values. There are over 150,000 according to the Food and Agriculture Organization (FAO). Species of bees found across the 

world who visits the flowers and bees have been dominant pollinators also there are over 20,000 of species of wild bees 

available worldwide in but only some are honey bees and one of them is Tetragonula iridipennis found in the India. Honeybees 

are native to Asia, Europe and Africa but nowadays they are everywhere except Antarctica. They provide approximately up to 

5 lakhs i.e. approximately 6,600 dollars fair monthly. Though, the health and population of bees are in the great danger, and 

declining from chemical pesticides, fungicides and insecticides. It is estimated that 80% of the pollination of global crops can 

be attributed to the activities of just 2 percent of wild bee species (solitary bees and bumble bees). Of the 109 most important 

crop plants, no fewer than 87 species (or 80%) are entirely dependent on pollination by animals.  

 This Indian stingless bee (Tetragonula iridipennis) is a species of bee belong to order Hymenoptera, family Apidae, subfamily 

Apinae. It was first described by Frederick smith in the year 1854, who found the species know that island is known as Sri 

Lanka. The size of Tetragonula iridipennis has a body length extending from 3.5-4.0 nm. 

The microbes from the gut of animals can benefit their hosts in helping to digest food, improve malnutrition and protect against 

the invasion of their pathogens, parasites and diseases. Most of the time microbes have Mutualism relationship with the animal 

or sometimes commensalism or parasitism. That is why honey bees have become model organism for the research of their Gut 

bacteria and life-threatening to the health and wellness of bees. 

 

II.MATERIAL AND METHODS 

Sampling and identification 

To analyze the microbiome composition inside the gut of the stingless honeybee (Tetragonula iridipennis) (Fig. 1) we collected 

one bee inside the small plastic bottle with an alcohol cotton swab to make that bee feel buzz from alcohol as we humans do. 

Their motor functioning completely throws off and it impairs their memory processing and also kills the possible bacteria 

available on her body. We kept all our sterile instruments and apparatus inside the biosafety cabinet to maintain the sterility of 

the environment. The whole gut of each individual was dissected on a sterile Petri dish under a microscope using sterilized 

forceps, and the gut materials were then pooled and transferred to a 1.5 mL sterile centrifuge tube in the 1 ml of Insect saline. 

The Composition of 50ml insect saline (0.45g Sodium Chloride, 0.01g Potassium chloride, 0.013g Calcium chloride and 0.2g 

Glucose) and adjust the pH of 7.2 with the help of sodium bicarbonate. Autoclaved that insect saline before using it. 

We took the inoculation tube sterile and shifted the stingless bee’s gut inside the nutrient broth tube and made a nutrient agar 

plate for spreading that gut culture on it. After an hour took that nutrient broth tube and made a streak plate of it and kept it 

inside the incubator for a day with a control streak plate to observe the differences between the broth tubes of one gut sample 

and the other one is control tube. The control is a negative control for sampling to ensure that sampling equipment (tubes, 

swaps, etc.) was not contaminated. The next day we observed some growth of the bacteria in streak plates and broth tubes. 
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Then we made two streak plates and two broth tubes every day (i.e. one broth tube and one agar plate from the sample and 

another one broth tube and one agar plate for observing control). 

Then we continued the process of streak plating the nutrient agar plates from the Day 1 to Day 5; broth test tube of Bee’s gut 

with one control plate and transferring a small amount of broth into new broth tubes. I.e. One Sample Petri plate and one control 

plate to reduce the environmental flora. 

After getting constant and separate single bacterial colonies, we proceed for its identification by using morphological and 

biochemical tests. Along with this, we also go for 16S RNA test to identify the bacterial strain at molecular level. One unusual 

different colony (Fig. 2) was selected and send for the 16S RNA analysis to ‘Rajiv Gandhi Center for Biotechnology, 

Thiruvanatpuram’. 

 
Protocols for 16S rRNA sequence analysis  

 

 Genomic DNA Isolation from Bacteria 

Genomic DNA was isolated using NucleoSpin® Tissue Kit (Macherey-Nagel) following manufacturer’s instructions.  

A part of culture is taken in a micro centrifuge tube. 180 μl of T1 buffer and 25 μl of proteinase K was added and incubated at 

56 oC in a water bath until it was completely lysed. After lysis, 5 μl of RNase A (100 mg/ml) was added and incubated at room 

temperature for 5 minutes. 200 μl of B3 buffer was added and incubated at 70oC for 10 minutes. 210 μl of 100% ethanol was 

added and mixed thoroughly by vortexing. The mixture was pipetted into NucleoSpin® Tissue column placed in a 2 ml 

collection tube and centrifuged at 11000 x g for 1 minute. The NucleoSpin® Tissue column was transferred to a new 2 ml tube 

and washed with 500 μl of BW buffer. Wash step was repeated using 600 μl of B5 buffer. After washing the NucleoSpin® 

Tissue column was placed in a clean 1.5 ml tube and DNA was eluted out using 50 μl of BE buffer. 



 Agarose Gel Electrophoresis for DNA Quality and Quantity check 
The quality of the DNA isolated was checked using agarose gel electrophoresis. 1μl of 6X gel-loading buffer (0.25% 

bromophenol blue, 30% sucrose in TE buffer pH-8.0) was added to 5μl of DNA. The samples were loaded to 0.8% agarose gel 

prepared in 0.5X TBE (Tris-Borate-EDTA) buffer containing 0.5 μg/ml ethidium bromide. Electrophoresis was performed 

with 0.5X TBE as electrophoresis buffer at 75 V until bromophenol dye front has migrated to the bottom of the gel. The gels 

were visualized in a UV transilluminator (Genei) and the image was captured under UV light using Gel documentation system 

(Bio-Rad). 

 
III.PCR ANALYSIS 

 

 



 

 

 Primers used 

 

 

 

 

 

 

The PCR amplification was carried out in a PCR thermal cycler (GeneAmp PCR System 9700, Applied Biosystems). 

 PCR amplification profile 

X Phire Master Mix 5μL

D/W  4μL

Forward Primer  0.25μL

Reverse Primer  0.25μL

DNA  1μL

Target Primer Name Direction Sequence (5’→  3’)  

16S 

 

rRNA 

16S-RS-F 

 

16S-RS-R 

Forward 

 

Reverse 

CAGGCCTAACACATGCAAGTC 

 

GGGCGGWGTGTACAAGGC 
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16S rRNA 

                                                   95 ° C -       5.00 min 

                                             95 ° C -           30 sec 

                               60 ° C -           40 sec                35 cycles 

72 ° C -           60 sec 

72 ° C -       7.00 min 

                                               4 ° C -                  ∞ 

 Agarose Gel electrophoresis of PCR products  

The PCR products were checked in 1.2% agarose gels prepared in 0.5X TBE buffer containing 0.5 μg/ml ethidium bromide. 1 

μl of 6X loading dye was mixed with 4 μl of PCR products and was loaded and electrophoresis was performed at 75V power 

supply with 0.5X TBE as electrophoresis buffer for about 1-2 hours, until the bromophenol blue front had migrated to almost 

the bottom of the gel. The molecular standard used was a 2-log DNA ladder (NEB). The gels were visualized in a UV 

transilluminator (Genei) and the image was captured under UV light using Gel documentation system (Bio-Rad). 

 

 ExoSAP-IT Treatment  
ExoSAP-IT (USB) consists of two hydrolytic enzymes, Exonuclease I and Shrimp Alkaline Phosphatase (SAP), in a specially 

formulated buffer for the removal of unwanted primers and dNTPs from a PCR product mixture with no interference in 

downstream applications. 

Five micro liters of PCR product is mixed with 0.5μl of ExoSAP-IT and incubated at 37oC for 15 minutes followed by enzyme 

inactivation at 85oC for 5 minutes. 



 Sequencing using BigDye Terminator v3.1  

Sequencing reaction was done in a PCR thermal cycler (GeneAmp PCR System 9700, Applied Biosystems) using the BigDye 

Terminator v3.1 Cycle sequencing Kit (Applied Biosystems, USA) following manufactures protocol.  

The Sequencing PCR mix consisted of the following components: 

 

 

 

 

 

 

 

 

 

Sequencing PCR amplification profile 

96°C -           2min 

96°C -          30sec 

                                                          50°C -          40sec                   30 cycles 

                                                          60°C -          4min 

                                                                 4°C -               ∞ 

D/W 6.6 μL 

5X Sequencing Buffer 1.9μL 

Forward Primer 0.3μL 

Reverse Primer 0.3μL 

Sequencing Mix 0.2μL 

Exosap treated PCR product 1μL 
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 Post Sequencing PCR Clean up  

1. Mix D/W, 125mM EDTA, 3M sodium acetate pH 4.6 and ethanol were prepared and were properly mixed.  

2. 50 μl of mix was added to each well in the sequencing plate containing sequencing PCR product.  

3. Vortex by Mixmate vortex and incubated at room temperature for 30 minutes  

4. Spun at 3700 rpm for 30 minutes  

5. Decanted the supernatant and added 50 μl of 70% ethanol to each well  

6. Spun at 3700 rpm for 20 minutes.  

7. Decanted the supernatant and repeated 70% ethanol wash  
8. decanted the supernatant and air dried the pellet.  

The cleaned up air dried product was sequenced in ABI 3500 DNA Analyzer (Applied Biosystems) using Sanger DNA 

sequencing method. 

 Sequence Analysis  

The sequence quality was checked using Sequence Scanner Software v1 (Applied Biosystems). Sequence alignment and 

required editing of the obtained sequences were carried out using Geneious Pro v5.1 (Drummond et al., 2010). 

 

Results and Discussion  

To identify the bacterial isolates, approximately 780bp fragment of the 16S rRNA gene was amplified from the isolates’ 

genomic DNA. The amplified fragments were compared to those sequences deposited in the GenBank database (Fig. 3).  

The 16S rRNA gene sequence of the bacterial isolates displayed a similarity of 100% to the closest known species. Based on 

the 16S rRNA gene, the isolate belonged to the phylum Firmicutes (Bacillus spp.)  

 

We classified and identified the 16S rRNA gene sequences collected from stingless bee worker. OUT (Operational Taxonomic 

Unit) was assigned to the phylum level, and OUT was identified as Priestia genus. 

 

Fig. 1 The 16S rRNA gene analysis of the bacterial isolate Sequences producing significant 

 

IV.ALIGNMENTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

The gene sequence is as under,  

Forward gene sequence is as under, 

D/W 5μl 

3M Sodium acetate  1 μl 

EDTA 0.1 μl 

100% Ethanol 44μl 
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>SR2735-G1-RSF1_E11.ab1 

TGACGTTAGCGGCGGACGGGTGAGTAACACGTGGGCAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCG

GAGCTAATACCGGATAACATTTTTTCTTGCATAAGAGAAAATTGAAAGATGGTTTCGGCTATCACTTACAGATGG

GCCCGCGGTGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCATAGCCGACCTGAGAGGGTG

ATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGA

CGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAA

CAAGTACAAGAGTAACTGCTTGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCC

GCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTCTTAAGTCT

GATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGAAAAGCG

GAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTTTTTGGTCTGT

AACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAACGATG

AGTGCTAAGTGTTAGAGGGGTTTTCCGCCCTTTAGTGCTGCAG 

 

The composition of Gut microflora of stingless honey bees is important to research for the study of that is why honey bees 

have become a model organism for the research of their Gut bacteria and are life-threatening to the health and wellness of bees. 

The reverse gene sequence is as under, 

>SR2735-G1-RSR1_E12.ab1  
TAGCGATTCCAGCTTCATGTAGGCGAGTTGCAGCCTACAATCCGAACTGAGAATGGTTTTATGGGATTGGCTTGA

CCTCGCGGTCTTGCAGCCCTTTGTACCATCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATT

TGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTTAATGCTGGCAACTAA

GATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGCACCACC

TGTCACTCTGTCCCCCGAAGGGGAACGCTCTATCTCTAGAGTTGTCAGAGGATGTCAAGACCTGGTAAGGTTCTT

CGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAGTCTTGC

GACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTAAAGGGCGGAAACCCTCTAACACTTAGC

ACTCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGCGCCTCAGCGTCAG

TTACAGACCAAAAAGCCGCCTTCGCCACTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTACACGTGGAATT

CCGCTTTTCTCTTCTGCACTCAAGTTCCCCAGTTTCCAATGACCCTCCACGGTTGAGCCGTGGGCTTTCACATCAG

ACTTAAGAAACCGCCTGCGCGCGCTTTACGCCCA  

 

It plays a crucial role in maintaining -immune and metabolic homeostasis and protecting against pathogens. Stingless bees can 

be classified into 2 genera, namely, the Melipona and the Trigona (i.e. Tetragonula). The Melipona genus is numerically large, 

even larger than that of the common honey bee (Apis mellifera Linnaeus) and Trigona (i.e. Tetragonula). Tetragonula 

iridipennis is also known as a dammer bee (Frederick Smith, 1854). 

 

 

Fig. 2 Sequence of Priestia arybhattai aligned 100% 
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Fig. 3 The 16S rRNA gene phylogenetic tree analysis of the bacterial isolate, yellow color indicates query organism type 

 

 

Fig. 4 The evolutionary history was inferred using the neighbor-joining method. The isolates were aligned with closely related strains from 

GenBank. The accession numbers indicated within bracket. 

 
Because they are widely spread on the Indian subcontinent. In 1961, Brazilian bee expert J.S. Moure first proposed the 

genus name Tetragonula to improve the classification system by dividing the large genus Trigona.  

The gut bacteria of Tetragonula iridipennis helps in maintaining the health of bees. It’s like a mutual relationship between bees 

and their gut bacteria. Sequencing the gut bacteria of stingless bees will help us in identifying how and why those bacteria help 

them in their digestion process, maintaining their health, and turning the nectar of flowers into honey which will be useful for 

the economy. Worldwide many researchers have worked on stingless honey bees (i.e. Malaysia, Brazil, Argentina, Australia, 

Panama City, China, Thailand, the Dominican Republic, etc.). But some fewer researchers have worked on the gut bacteria of 

Tetragonula iridipennis, this bee species is most common on the Indian subcontinent. Because these bees are much smaller than 

the true honey bees and build irregular combs of wax and resinous substances in crevices and hollow tree trunks. 
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