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ABSTRACT 
The termite hindgut contains a bacterial community that symbiotically aids in digestion of cellulosic materials. For this 

paper, a species survey of bacterial hindgut symbionts in termites collected from Saucier, Mississippi was examined. Two 
methods were tested for optimal genetic material isolation. Genomic DNA was isolated from the hindgut luminal contents of 
five termites and 16S ribosomal RNA (rRNA) gene fragments were amplified with 16S rRNA amplicon primers. The 
fragments were cloned into E. coli cells and plasmid DNA was isolated from subsequent clones for sequencing. The results 
revealed 6 different bacteria phyla and 18 genera. The most dominant phylum was Bacteroidetes, followed by Firmicutes, 
Proteobacteria, Elusimicrobia, Spirochaetia, and Actinobacteria. Firmicutes was the most diverse phylum with 8 different 
genera. 

BACKGROUND 
Wood is a key biodegradable and bio-renewable construction material in the United States, and as such, it needs to be 

protected from agents of deterioration. Worldwide wood degradation by termites is estimated to cost 32 billion US dollars 
annually (Rust, 2014). The eastern subterranean termite, Reticulitermes flavipes (Kollar), is the most common termite species 
in the eastern region of the United States and the most devastating wood destroying insect in the United States.  

Lower termites, such as Reticulitermes, harbor a community of protists and bacteria in their hindgut that aid the digestion 
of wood (Breznak & Brune, 1994; Hongoh, 2010). These hindgut microbes have been shown to be essential for the survival 
of termites, as they are involved in breakdown of cellulose (Breznak & Brune, 1994). The diversity and frequency of the 
bacterial population has been shown to vary with diet (Huang et al., 2013). 

In this study, an optimal genetic material isolation method for termite hindgut genomic DNA was studied and the 
distribution and frequency of the hindgut bacterial population of R. flavipes termites was observed. 

MATERIALS AND METHODS 
Materials 
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MasterPure™ Complete DNA and RNA Purification Kit (Epicentre), QIAquick® Gel Extraction Kit (Qiagen), 
PureLink® Quick Plasmid Miniprep Kit (Invitrogen) and pGEM®-T Easy Vector System II (Promega) were obtained 
directly from manufacturers and all other materials were purchased from Fisher Scientific. Termites used in this study were 
obtained from one population collected at Saucier, MS and kept in a metal bin at  room temperature with sufficient wood 
material and moisture until they were utilized in the study. The termites were utilized within 6 months of collection. 

Termite dissection 
Termites were cleaned after collection by placing damp paper towels over termites and debris, and allowing the termites 

to crawl onto the damp paper towels. The termite guts were extracted using microforceps to hold the termite head in place 
while simultaneously using sterile fine-tip forceps to pull the anus and remove the gut tract (Matson et al., 2007). The guts 
were rinsed in a droplet of Trager U buffer (Trager, 1934). The guts of 5 termites were pooled and homogenized using a blunt 
sterile pipette tip and then briefly centrifuged to separate hindgut tissue from the gut contents. The supernatant (gut contents) 
was collected and then DNA isolation was performed.  
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Genetic material isolation 
Genomic DNA isolation from the homogenized termite guts was performed using two methods: MasterPure™ Complete 

DNA and RNA Purification Kit protocol and CTAB/Chloroform-Isoamyl Alcohol protocol (Doyle et al., 1987). After 
isolation, the DNA concentration and yield was measured on a NanoDrop™ spectrophotometer. Genomic DNA was stained 
with Bromophenol blue and separated by size using agarose gel electrophoresis with Lonza GelStar™ Nucleic Acid Gel Stain 
and 1 kb Plus exACTGene™ DNA Ladder (Figure 1). 

Bacterial DNA amplification, gel electrophoresis and sequencing 
The isolated genomic DNA was diluted five-fold and then prepared for Polymerase Chain Reaction (PCR) protocol as 

advised by 16S Metagenomic Sequencing Library Preparation (Illumina), using the 16S ribosomal RNA amplicon primers 
(Klindworth et al., 2013) below: 

16S forward primer: TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG 
16S reverse primer: GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATC 

Besides luminal content DNA, the 16S ribosomal RNA amplicon primers were used for amplification of DNA extracted 
from the termite head to confirm specificity of the bacterial primers. Additionally, termite specific primers (Foster et al., 
2004), were used as a positive control for termite head DNA amplicons. After amplification, the PCR products were 
separated by size using agarose gel electrophoresis with 1 kb Plus exACTGene™ DNA Ladder (Figure 2). The gel bands 
corresponding to the 16S rRNA gene fragments were excised and purified from the gel. 

The 16S rRNA fragments were multiplied using E. coli cell machinery (Zhou et al., 1995). The fragments were ligated to 
the pGEM T-easy™ vector and recombinant plasmids were transformed into competent E.coli cells using heat shock method, 
according to the manufacturer’s instructions. Each transformation reaction was plated on two LB-Ampicillin/IPTG/X-gal 
plates and incubated at 37°C for 16 hours. Six positive recombinants were picked from each plate and individually sub-
cultured in LB broth for plasmid DNA isolation. 

Plasmid DNA was isolated from the E.coli cells according to the directions provided by the PureLink® Quick Plasmid 
Miniprep Kit. Forty-four uniquely isolated plasmid DNA samples were sent to the Eurofins Genomics Sequencing Center 
(Louisville, KY) and the obtained sequences were used to analyze the bacterial population. 

Sequence Analysis 
Using FinchTV software version 1.4.0 (Geospiza), pGEM®-T Easy vector sequences were identified and removed. 

EditSeq, a program within the Lasergene suite (DNASTAR®), was used to put all 16S sequences in the forward direction of 
the gene. Each sequence was then compared with the non-redundant nucleotide National Center for Biotechnology 
Information (NCBI) database.  

RESULTS AND DISCUSSION 
Genetic material isolation using MasterPure™ kit and CTAB/Chloroform-Isoamyl Alcohol method 

The MasterPure™ Complete DNA and RNA Purification Kit isolated a higher genomic DNA amount compared to the 
CTAB/Chloroform-Isoamyl Alcohol method as seen by the increased brightness on Figure 1. The MasterPure™ isolated 
DNA was chosen for further experiments. The smearing of the genomic DNA on the gel could be caused by partial 
degradation of the genomic DNA, polysaccharide, and/or protein contamination. CTAB/Chloroform-Isoamyl Alcohol had 
very clear genomic DNA bands, was significantly less degraded and more pure compared to the other method. It is to be 
noted that the level of degradation and protein contamination observed with the MasterPure™ Complete DNA and RNA 
Purification Kit did not interfere with downstream experiments.  

PCR amplification of genomic DNA using 16S and termite-specific (TS) amplicon primers 
The accuracy and specificity of the 16S amplicon primers was confirmed via polymerase chain reaction. As seen in 

Figure 2, the accuracy of the 16S primers was confirmed by the appearance of a band of the hindgut-extracted DNA at the 
expected band size of 500 base pairs (bp) (lanes 2-4 and 7-9). Specificity was confirmed by the appearance of a single 
fragment from the hindgut (lanes 2-4 and 7-9), as well as absence of a fragment from the termite head using 16S rRNA 
primers (lanes 5 and 6). The termite-specific primers produced a single major band of the expected size (320 bp) from the 
termite head (lanes 10-12) and the termite hindgut (lanes 13-14). 
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Figure 1: Genomic DNA isolated with MasterPure™ DNA purification kit (A, D) and CTAB/Chloroform-Isoamyl 
Alcohol (B, C). L denotes DNA size ladder 

 
Figure 2: PCR amplification of termite head (H) and gut (G) isolated DNA using bacterial-specific (16S) and termite-
specific (TS) amplicon primers. L denotes DNA size ladder 
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Analysis of recombinant plasmid DNA sequences 
A BLAST® search against NCBI non-redundant nucleotide database revealed that all sequences belonged to 6 distinct 

phyla and 18 different genera. Hits from the database with greater than 95% and 90% query cover were used. The most 
represented group was Bacteroidetes, with 41% of total sequenced DNA (Figure 3). Sequences within the Bacteroidetes 
phylum belonged to five genera (Figure 4 A).  

The Firmicutes phylum represented 29% of total sequenced DNA (Figure 3), and it was the most diverse phylum with 8 
different genera (Figure 4 B). Proteobacteria, Elusimicrobia, Spirochaetia, and Actinobacteria represented 14, 9, 5, and 2% of 
total sequenced DNA, respectively (Figure 3). The Proteobacteria phylum had 3 different genera represented. The least 
prominent phyla, Elusimicrobia, and Spirochaetia had only one represented bacterial genera (Figure 4 D-E). 

Bacterial population within the termite hindgut varies with location and diet (Huang et al. 2013). Within the subterranean 
termite family, Rhinotermitidae, the most frequent phyla vary between Bacteroidetes, Firmicutes and Spirochaetia (Figure 5). 
Hongoh et al. (2003) found that the subterranean termite, Reticulitermes speratus (Kolbe), from Ogose Saitama, Japan had a 
dominant Spirochaetia phylum (Figure 5 A). These results were similar to those found by Fisher et al. (2007) in R. flavipes 
from Virginia, USA (Figure 5 B). However, R. flavipes from our study had the highest number of Bacteroidetes. Similarly, 
Shinzato et al. (2005) found the guts of Coptotermes formosanus (Shiraki) from Irimote Island, Japan (Figure 5 C), to be 
dominated by the Bacteroidetes phylum.  

 

 
Figure 3: Distribution of bacterial phyla within hindgut of R. flavipes 
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Figure 4: Diversity within each observed bacterial phylum of R. flavipes 

Figure 5: Comparison of previously reported hindgut bacteria in subterranean termites 

CONCLUSIONS 
In this study the gut contents of R. flavipes collected from Saucier, MS consisted predominately of bacteria from the 

Bacteroidetes phylum, with approximately 41% of total sequenced DNA belonging to this phylum. Five other phyla: 
Firmicutes, Proteobacteria, Elusimicrobia, Spirochaetia, and Actinobacteria, were present. The most diverse phylum was 
Firmicutes, with 8 different genera. The bacterial population diversity within R. flavipes hindgut material analyzed in this 
study differed from previous studies, further supporting the theory that bacterial population within the termite hindgut 
changes with diet and location. Further studies using a larger termite sample size and multiple populations are recommended, 
to confirm the results of this study. 
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