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INTRODUCTION


Over the past decade the number of genomes sequenced and analyzed has increased exponentially for the most complex eukaryotic organisms down to the simplest prokaryotes.  Viruses have not been exempt from this intense scrutiny, however their vast number and differences has made it difficult to get a comprehensive view of what their sequences hold.  In the past sequencing viral genomes was difficult due to the inability to culture some viruses in the lab.  In 2002 this was overcome to some extent using metagenomic techniques.  Metagenomics is the study of genomes by taking an environmental sample and isolating the DNA for analysis.  However difficulties still arose due to the large quantity of free DNA in the environment and that viral genes often kill cloning host cells (Edwards and Rowher 2005).  Edwards and Rowher (2005) identified a method to successfully remove free DNA and insert viral genes into the cloning host cell.  This method provided a way to more accurately analyze viral genomes in faecal, marine and sediment samples.


Shoenfield et al. (2008) were the first to use these metagenomic techniques to study thermophilic viruses.  They took samples from Octopus and Bear Paw hot springs in Yellowstone National Park to study to thermophilic metagenomes.  Water samples were filtered and the DNA was isolated using similar techniques as identified by Edwards and Rowher.  Once Shoenfield et al. had purified the samples down to just viral DNA they went about amplifying 3-6kB fragments by adding a linker to the ends of the fragments.  These linkers contained a known DNA sequence that allowed for primer development that would not have been possible due to the unknown sequences of the viral DNA fragments (Shoenfield et al. 2008).  The DNA fragments were amplified, inserted into pSMART vectors and sequenced.  The resulting reads were assembled into libraries for further analysis of genes, proteins and phylogenetic relationships.
METHODS AND RESULTS

The viral metagenome reads were randomly assigned through the BioBike portal. The reads received for this analysis were from the Octopus Hot Spring and were named OctHS.atyb5119-b2 and OctHS.atyb5119-g2. OctHS.atyb5119-b2 was found to be 1066 bases in length and OctHS.atyb5119-g2 was found to be 1070 bases in length.  These reads were unedited reads that still contained artifacts from the cloning vector and linker that was added for polymerase chain reaction (PCR) amplification.  These specific sequences were identified and removed in an automated way using BioBike. After editing the OctHS.atyb5119-b2 was 1001 bases in length and OctHS.atyb5119-g2 was 996 bases in length (see appendix for sequences).

The first step of analysis was to see if these two reads overlapped.  Being from the same fragment we hoped that the reads would overlap to make a longer contiguous read that could potentially yield a gene.  By themselves there is a very low chance of the reads containing a whole gene due to the fact that a gene is generally 1000 bases or longer.   By making a longer contiguous read there would be a higher chance of finding a gene for that virus.  However being that the fragments were a minimum of 3kB and the reads were 1001 and 996 bases in length, there was at least a 1kB gap between the two.  The reads were then individually BLASTed against all of the reads of the Octopus Metagenome using the SEQUENCE-SIMILAR-TO function in BioBike to see if either one could form a larger contiguous read with any other read.  
OctHSe.atyb5119-b2

Once OctHSe.atyb5119-b2 (herein referred to as atyb5119-b2) was BLASTed against other reads of the metagenome, the analysis began to see if a longer contiguous read could be made to find possible genes.  In order for an overlap to be considered to create a longer read the overlaps must be within a certain areas of the reads, but generally at the beginning and the ends of the reads (see figure 1).  For this read there were three matching regions to a specific read called OctHS.atyb3565-g2.  Figure 2 show the coordinates of the overlaps and a diagram of how they relate to each other.  The overlapping regions do not span the entire read signifying that they are not the same virus, however it strongly indicates that they are related in some way.  This however is difficult to ascertain without any genes and therefore proteins, to find a phylogenic relationship.
OctHS.atyb5119-g2

OctHS.atyb5119-g2 (herein referred to as atyb5119-g2) was BLASTed against the other reads of the Octopus metagenome as well.  There were many hits as can be seen in figure 3.  There were however no overlaps to form longer reads.  However, there was a specific hit between the coordinates 341 and 370 that corresponded to several regions in two specific reads called OctHS.atyb2687-g2 and OctHS.atyb2687-b2 (see figure 4 for matching regions).  What is interesting is not the match itself but the fact that is matches repeatedly in those two reads.  In the OctHS.atyb2687-g2 read there were 8 times in which it repeated and in the OctHS.atyb2687-b2 read there were 10 times in which it repeated.  The repeated sequence was found at approximately every 40 bases and its sequence was AACTTTCAACTCCACACGGTACATTAGGAACCC, and was only found in the first half of each read.  The sequences in between the repeated sequence themselves did not repeat showing that there was not a sequencing problem.  Sorek et al. (2008) proposed that certain bacteria contain repeating arrays of palindromic sequences that provide immunity to the phage that attack them.  It could be possible that these sequences were laterally transferred to this type of virus overtime from infecting the bacteria with these sequenes.  However, the sequence found to be repeated in these reads only had a four base palindrome.  Sorek et al. (2008) said that the entire repeated sequence must be a palindrome which this sequence is not.  Unfortunately when trying to find any other information on this repeating sequence none was found.
CONCLUSION

In conclusion the two reads received for analysis did not overlap other reads to form larger contiguous reads.  Therefore no genes, proteins, or phylogenic relationships were found.  The atyb5119-b2 showed significant overlapping with another read in several locations indicating a relationship between the two, they however were not reads from the same virus due to the regions that did not match.  Additionally atyb5119-g2 was found to have a specific sequence about 36 bases in length that repeatedly matched regions in two other reads however there is no explanation as to why this is happening.  Overall more research needs to be done as to why this sequence repeats the way it does in the other reads.
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APPENDIX 

Sequence-of OctHSe.ATYB5119-g2 from 1 to end (996)

     1 ACTCCACAGG CTAAACCCAA AAAGAAAAAG ATTAAAGGTT TTGTTATAAC  

    51 GGATGAAAAC ATCCACAGGC TTGAGGAGAT GAGGGCGATC TTGGTAAAGA  

   101 AGTTCTACAA GGTTGATTAC TCCCTCATCA TCAACCTTGC GATAGAGCAT  

   151 TACTACAACT ATCTGAAAAG AGAAGACCAA ACGTAGTTTA AAAGTTCAAA  

   201 TCCGATTTAA AAACTTAAAC GACATTTAAA AGTTTAAACA GCGTTTAAGA  

   251 GTTTAAACCT TTTCCTCCCT CCACGGTCTG CATCCTACAT AATTGGCTTA  

   301 AAACAGCTTG CAATGAAAGG GCTTCCCGAC GTCTTTTGAA ACTTTCAACT  

   351 CCACACGGTA CATTAGGAAC CCCAAACGAC CACATTAACT AAAATAAGAT  

   401 CAATCATTTT GTCAAGGGGG CACCCTTCTC AAATGAAGTT AATTTTCCGA  

   451 AATCCGAGAT CATGCAAAGT TGAGTATGTT ATTGTCAAAT TCAAATCTCT  

   501 GTCTCCCAAT GCTTTCCACC ACTGACCATA ATTACGGCAT TACGGCACTA  

   551 CATAATTACG GCTTTACGGT TTTACGGCAA GAGTATATAA TTGAAACCTA  

   601 TGAGACACAA AAAGAAGAAA GTGGTAAAAA CCACAATTTT GCTACCCTCA  

   651 GATGTACATC AAGCCCTACG CATAANAGCC ATAACCAAGA AAATGTCCAG  

   701 GAGTTGGAAG AATACAAGCA AAAATACGGT GGAGCTGTGA AGGCAGAGGA  

   751 CTATCTCATT TAGGAAGACT ACACCCTCCC TTATCAGTTG CCNANNGTGA  

   801 CAGGGTTCCA GTGGAACCCT CTAATACCCT CAAAGGTATA TAACAGTANT  

   851 ACACAGCCCA TCACCTAAAA TAACTTCTAT GCACCTCGTT GACCTCTACT  

   901 TCGAAAAACT CTCCAAGTAG AGACAGAAGA CCCTAGAGAG GATTTTTATC  

   951 GGCTTTCTAG GCTGAAAATT AAAGCATTAA ACCACGGTCC TTTTTA 

Sequence-of OctHSe.ATYB5119-b2 from 1 to end (1001)

     1 TATTCTCTTT CCACCAAATG TAAAAACTCT ACCTCCTACC CTCTCCCACC  

    51 TCCACCCTTT CTCCTGCCAT TGTGTGTATA TGTGCAATTG TTAAAATTCA  

   101 TACTTTCCAT GTGCATATGC ACCTTAGTGA GTTTGTTTTT TACCACATAT  

   151 TCCCACCATT TGTATGTAAA TTCTCATTGC CTTTTCATGG CATGTTTACT  

   201 ATACTTTTAA GCATGCGTAA GGTAAGGGTG AGCATACTTT TAAGGGAAGA  

   251 CCTTTGGGTT GGTTTTAGGT CTCGTGGATT GACAAATCTG TCTGGTGCTG  

   301 TGGAAGAGTT TTTAGAAGCC TTTTTGTCTT CTCTTCCCAC TGAACACAGA  

   351 AGAAGGAACG CAAAAGAAAC GAGGGAACTT GTAAGAAGGT TCCTTGAAGG  

   401 CAGGCCAGTC CAAGAAAGCC CAAGCACCCA ACAGGAACTC CTCCAGCAGT  

   451 TAATGACTCT TCTCCAAACC CTACAAACTT CATCCCAGCC TTCTCAAACT  

   501 TTCCAACCTC AACCTCAATC ACAGCTACCA CCATCACAAC TTCAACCGCA  

   551 GTATCAACCA CAAACCCAGC CACAATATCA GCCACCGCCT CCACCACAGC  

   601 GGGAGCCGCA ATATCAACCT AAACCTCAAC CGCAGCCGCA TTATCAGCCG  

   651 CAGTATCAAC AGCCACCTCA ACCCAAGCCT ACAGTCTAAG AACAAAAGCC  

   701 CAAGCCAAGA ATTTCCGCAN AAGAGTTTCT AAGAGCAGTG CGGGAACATG  

   751 CTATAGAACA CGGGGTCCCT CCAGAAACTG TGGNATATGA GAGAATACCT  

   801 GAGGAAGCCC GCAAAGAAGC TGAGGAGGGA TGAGAAAAGT ATCNGGGGAG  

   851 TCCTCATAAA GCATATAAGC GTATAAGTAG CCGATAAAAT CCTCAGACNC  

   901 GNCATACAAA CTCACCTCTA GATTCTCTCC TTACTCCCGT GCTTTTCTCC  

   951 CATCTGTTCC TTAGGATGGG ATGATCCGTT TCAAGACTCC TCAACTCATC  

  1001 T 

FIGURES

Figure 1: Possible ways two reads can overlap to form a larger contiguous read


Type 1: start of sequences overlap going in opposite directions

Type 2: ends of sequences overlap going in opposite directions

Type 3: the start of one sequence overlaps with the end of another going in the same direction

Figure 2: Diagram and coordinates of the overlapping regions of OctHS.atyb5119-b2 and OctHS.atyb3565-g2



Figure 3: All sequences similar to OctHSe.atyb5119-g2
QUERY              Q-START    Q-END    TARGET          T-START  T-END    E-VALUE   %ID 

 1. OctHSe.ATYB5119-g2   1    996  OctHSe.ATYB5119-g2        1    996       0.0  100.0 

 2. OctHSe.ATYB5119-g2 549    699  OctHSe.APNO3323-g2      341    491   2.0d-57  93.38 

 3. OctHSe.ATYB5119-g2 367    570  OctHSe.ATYB2555-b2      225     18   2.0d-54  87.98 

 4. OctHSe.ATYB5119-g2 342    529  OctHSe.APNO3323-g2      130    321   4.0d-52  88.54 

 5. OctHSe.ATYB5119-g2 384    540  OctHSe.ATYB2424-g2      673    513   2.0d-38  87.58 

 6. OctHSe.ATYB5119-g2 699    777  OctHSe.APNO3323-g2      519    597   2.0d-23  92.41 

 7. OctHSe.ATYB5119-g2 699    777  OctHSe.ATYB2424-g2      346    268   2.0d-23  92.41 

 8. OctHSe.ATYB5119-g2 342    399  OctHSe.ATYB2424-b2      179    236   8.0d-23  98.28 

 9. OctHSe.ATYB5119-g2 585    699  OctHSe.ATYB2424-g2      488    374  10.0d-22  86.09 

 10. OctHSe.ATYB5119-g2368    491  OctHSe.APNO1163-b2      801    928   5.0d-21  85.16 

 11. OctHSe.ATYB5119-g2342    372  OctHSe.ATYB2687-b2      445    415    4.0d-9  100.0 

 12. OctHSe.ATYB5119-g2341    371  OctHSe.ATYB2687-g2       22     52    4.0d-9  100.0 

 13. OctHSe.ATYB5119-g2341    371  OctHSe.ATYB2687-g2      155    185    4.0d-9  100.0 

 14. OctHSe.ATYB5119-g2340    370  OctHSe.ATYB2687-g2      287    317    4.0d-9  100.0 

 15. OctHSe.ATYB5119-g2341    371  OctHSe.ATYB2687-g2      419    449    4.0d-9  100.0 

 16. OctHSe.ATYB5119-g2341    370  OctHSe.ATYB2687-b2       50     21    2.0d-8  100.0 

 17. OctHSe.ATYB5119-g2341    370  OctHSe.ATYB2687-b2      180    151    2.0d-8  100.0 

 18. OctHSe.ATYB5119-g2341    370  OctHSe.ATYB2687-b2      380    351    2.0d-8  100.0 

 19. OctHSe.ATYB5119-g2341    370  OctHSe.ATYB2687-b2      511    482    2.0d-8  100.0 

 20. OctHSe.ATYB5119-g2342    370  OctHSe.ATYB2687-b2      114     86    6.0d-8  100.0 

 21. OctHSe.ATYB5119-g2342    370  OctHSe.ATYB2687-b2      245    217    6.0d-8  100.0 

 22. OctHSe.ATYB5119-g2342    370  OctHSe.ATYB2687-b2      311    283    6.0d-8  100.0 

 23. OctHSe.ATYB5119-g2342    370  OctHSe.ATYB2687-g2       91    119    6.0d-8  100.0 

 24. OctHSe.ATYB5119-g2342    370  OctHSe.ATYB2687-g2      221    249    6.0d-8  100.0 

 25. OctHSe.ATYB5119-g2342    370  OctHSe.ATYB2687-g2      354    382    6.0d-8  100.0 

 26. OctHSe.ATYB5119-g2342    370  OctHSe.ATYB7262-b2       86     58    6.0d-8  100.0 

 27. OctHSe.ATYB5119-g2342    370  OctHSe.ATYB2687-b2      575    547    2.0d-5  96.55 

 28. OctHSe.ATYB5119-g2342    364  OctHSe.ATYB2687-g2      490    512    2.0d-4  100.0 

Figure 4: 

Coordinates of repeated sequence in OctHse.atyb2687-g2
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