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A metagenome is a large collection of genetic material taken from the environment, as opposed to cultured laboratory samples. Normal genome analysis relies on growing cells within a lab setting. However, many microorganisms have remained elusive and are difficult to effectively analyze this way, such as thermophilic bacteria and viruses that only grow in conditions of extreme heat. Studies in metagenomes have uncovered vast amounts of previously unknown microbial diversity. Not a great deal is known about the role of these extreme organisms, but they may play a huge role in their ecosystems. Studying the metagenome of various unsurveyed environments can lead to a greater understanding of these areas and how they function.


Schoenfeld et al. (2008) conducted a metagenome study in the Bear Paw and Octopus hot springs. They note that the majority of microbe species in the water fall into  A large water sample was taken from each spring. The viral particles within the water were then isolated and concentrated. The DNA was then fragmented into small pieces, cloned, and sequenced. Close to 29,000 individual reads were taken from Bear Paw, while 22,000 were taken from Octopus. The sequences were made available online through GenBank. The purpose of this experiment was to analyze 2 short reads from the Octopus hot springs study by Schoenfeld. By analyzing the contents of the sequences and comparing to known genes, more information may be revealed about the function of viruses within these two springs. 

Methods: The majority of analysis on the reads was done using the program ViroBIKE. The first step in analyzing the two reads was to find similar sequences within the rest of the metagenome. As each read was under 1000 nucleotides, it was unlikely that an entire gene would be contained within them. Adding more nucleotides to this would lead to a higher probability of finding a gene. However, almost all of the 22,000 reads contained a primer sequence left over from the cloning process. A function in ViroBIKE matched the sequence and cut it out of the reads, leaving edited sequences. Next, a search was performed to find similar sequences within the edited genome. The results were combed through and a larger contig, a pieced together sequence, was assembled. 


As we were most interested in finding actual proteins within the sequence, the NCBI open reading frame finder was used to locate potential genes, based on clues within the sequence. Using these frames, a translated nucleotide BLAST was run. This process translates the sequence to amino acids, then compares them to a database of proteins. 

Results: The search within the genome resulted in around 100 strong hits for each read. The ones of most interest were those that went to either end, as it was likely that they would extend beyond the boundaries of the read and thus give material to make a larger contig. Upon further analysis, it was revealed that most of the matches were very similar to each other, both at the start and end of the original read, which made a stronger case for adding them to the read. A sequence of around 352 nucleotides was added on the beginning of Read 1, and 58 were added to the end, resulting in a 1314 nucleotide contig (Figure 1).  The added sequences came from APNO4210-b2 and ATYB6543-b2, respectively, but many more sequences matched this and are listed in the figure. For the second read, a sequence of 427 nucleotides, taken from ATYB8424-g2, ATYB7613-g2, and APNO2462-g2 was added to the end, while a sequence of 278 nucleotides from ATYB2711-b2 was added to the beginning. This resulted in a 1529 nucleotide contig (Figure 1).  


The ORF Finder gave five different reading frames in both reads, displayed in Figure 2. While 5 of these frames were quite short on both contigs, there was one long frame in each. While none of the hits on the translated nucleotide search were outstanding, many were quite interesting. As there were so many results, more importance was given to matches with confirmed proteins as opposed to hypothetical ones. For the first contig, a match (E=0.19) was found from 470 to 714 on the read to the genome of Caulobacter species K31. This is a bacteria found in freshwater. The matched sequence lined up with the coding sequence for the enzyme 3-hydroxybutyrate dehydrogenase, which is involved in the synthesis and breakdown of ketone bodies, and is important for metabolism, as ketones themselves are involved in many important biochemical reactions. 


Part of the sequence matched (E=0.40) a bacteriophage Mx8, a virus that infects bacteria. A similar virus that infects cyanobacteria was also found as a match (E=0.86). In a similar part of the sequence, a match (E=0.76) was found for a nitrogen fixing bacteria Burkholderia phytofirmans, in a sequence that matched for the phosphoglucosamine mutase enzyme, which is involved in glucose metabolism. 


The findings for the second read were also varied. A match (E=0.09) was found for  Koi herpes virus, which is interesting because it affects carp. While carp don't live in hot springs, it does show that the virus would be found in an aquatic environment. This is also true of a match (E=0.61) for marine actinobacterium, a varied type of bacteria with a large GC content, and a match (E=0.21) for ostreococcus lucimarinus, an aquatic algae that needs large amounts of light. It is possible that these DNA sequences were picked up by the virus at some point from different aquatic life. 


Only one real protein was found in the second read. This was a putative ABC-transporter polyamine-binding protein. This is a protein that uses ATP to transport polyamines, molecules with multiple nitrogen atoms attached, across the membrane. ABC transporters are found in all types of organisms, and are thought to be one of the oldest families of proteins. Thus, this protein could easily be found in a thermophilic virus. The second protein is just predicted, but is a membrane glycoprotein. This is a protein extending from the membrane with sugar groups attached to it. They frequently make up the coating of viruses. 


It is difficult to reach an exact consensus on the contents of these two reads. While there are plenty of BLAST matches, none of them are particularly outstanding, and no match stands above the others as being better. However, one thing that is interesting is the number of bacteria matched, and the number of organisms matched from aquatic environments. Based on this and the two bacteriophages found in the first read, it would make sense for the viral particle to come from a bacteriophage. Shoenfeld notes in his paper that thermophilic viruses are responsible for much lateral gene transfer. Being a bacteriaophage would explain the amount of bacterial genes picked up by the virus. It also seems likely that proteins matched in both reads do exist in the virus, although they may have come from different organisms.  

Figure 1. A diagram for the assembled contig is shown. 









Figure 2. A diagram of the found open reading frames is shown. 
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Figure 3. A visual breakdown of the most relevant BLAST matches. 
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