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Abstract

The sequences that are to be analyzed are Bear Paw (74°C) and Octopus (93°C) from the Yellow Stone Hot Springs. The primary objective is to find a correlation or relationship to a known virus and/or the function of any encoded protein. With the assistance of computer programming and basic computational methods, it is the objective to discover overlaps to the assigned sequence and join them resulting in an extended sequence framework. Further examination of the extended sequence, will result in the location of the open reading frames and these frames will be submitted to a search engine, which will locate matches to a degree of exactness and quantitatively analyze the information.
Introduction
 Viruses can be found in nearly all environments; however, very little is known about thermophilic viruses. In the research of Schoenfeld et al (2009), Assembly of Viral Metagenomes from Yellowstone Hot Springs, the concentration was on viruses in the aggregate. The study of the thermophilic viruses focused mainly on cultivated strains and the research concluded that the individual reads had not yet been addressed. 
Theses two mildly alkaline hot springs, which were focused on, have an average temperature with Bear Paw (74°C) and Octopus (93°C).  The goal of assembling a sequence and being able to relate them to other known sequences in the database is a monumental task.  While little is known about the viruses that live in hydrothermal environments, it is thought that they could play the role of predator in the springs. With the understanding of these viruses, knowledge could be gained in their role of the life cycle of the hot springs metagenomes. 
Process

The claiming of the reads was a basic task of going through a system entitled BioBIKE and being assigned two randomly chosen reads that range in length of ~950 to ~1100 nucleotides. The reads I acquired were OctHS.APNO3619-g2 and OctHS.ATYB5782-b2. 

This lead into the process of understanding the type of reads the researcher would be utilizing in the experiment. Information that was useful consisted of length of the read, observing and recording any unusual patterns within the read, and noting if there were any open reading frames within the sequence. It was concluded through BioBIKE the reads were OctHS.APNO3619-g2 with a length of 998 and OctHS.ATYB5782-b2 with a length of 1062. 

The first evaluation of all reads was to decide if this was the true length of the read or if there was some editing required. The comparison of my reads to the other reads within the databank of the hot springs showed that there was a continuous duplication of a sequence on each of the reads. In the article written but Thomas Schoenfeld (2008), it was noted in the methods and materials section that phosphorylated and nonphosphorylated linkers still attach. With this scholarly information and based on what I discovered through visually comparing the sequences, a need for editing was verified and validated. Once the editing of these sequences was completed, the sequences resulted in the new length of 939 and 995.  The next process consisted of locating the open reading frames.

The function provided in BioBIKE assisted with finding the possible starting point for an open reading frame. With this area found, we were able to search for a start codon proceeding in this area. As seen in illustration 1, this sequence has a possibility of having the beginning of three start codons. As noted in the highlighted colors the first reading frame will be in the area just after position 783 illustrated in box 1. Seen in the highlighted print is the start codon for the second reading frame as seen in box 2 preceding the 876 position. The open reading frame function not only will locate the starting point going from the 5’ to 3 ‘direction but additionally provide the location coming from the complimentary strand 3’ to 5’ which is also noted in illustration 1.
Illustration 1


Box 1

Box 2


Based on basic knowledge of the sequence and being aware that there were reading frames within the sequence, the process of lengthen the sequence was continued A function again within BioBIKE consisted of completing a comparison of my sequence within the now edited databank for the hot springs. This comparison function is called Sequence-Similar-to. When executing this function a list is produced that gives a query starting point and stopping point with a target starting point and stopping point as seen in illustration 2. The information given will also give an e-value or “expected value”. The more significant the “expected value” is results in the higher probability that this is a good joining sequence. A percent ID is listed; which can also result in a good deciding factor but it is advised that the e-value will carry more weight in a decision.

Additionally, the location of the beginning and ending overlaps were weighted on and can be utilized in the results. The overlaps that were used to develop the final sequence were always 200 to 300 nucleotides to the 3’ ends. The continuations of overlaps were a development of a strand with a final length of 3473 nucleotides. It is important to note that in Illustration 3, there are a total of eight sequences that have an e-value of 0.0 and a %ID value of 99% or higher. As seem in Illustration 1, a good amount of possible open reading frames will show in a sequence of this length.

The process of developing this strand was not as simple as “yes do this” or “no do that” as one would assume. In my process of developing this 3473 strand, it was taken apart and reanalyzed on three separate times. This process of development and then redevelopment is a true part of sequencing. 
Illustration 2


Illustration 3


The next step in the process proceeds to the Blasting of the strand. Once the strand is placed in a fasta format it can then be placed in the program within the NCBI and then the blast x format is utilized. Another search tool used was GeneMark; which, showed that the open reading frames were previously defined and notified within the output.  It is within the output that there is a predicted gene on the submitted strand. As seen in illustration 4 the output of the GeneMark gives a model organism as well as the predicted genes as the start and stop locations on this example sequence.
Illustration 4


Gene mark also provides the graphical output, as seen on illustration 5, 
Illustration 5
[image: image1.emf]


Conclusion


Once the process of joining/rejoining and evaluating/reevaluating the information is finalized, the final decision is determined and concluded whether the sequence developed is one within a protein or a predicted protein. Throughout the process, there were times in which I was able to get a “hit” of similarities to different organism or viruses.  However, I had to examine and determine if these discoveries were a validated possibility.  Or did part of the sequence go together inadvertently or wrong. 


As scientist we must remember the information these tools, referred to as  computers, provide us rely solely on the information we input.  The results could be the product we examine and evaluate for ourselves and/or is the statistics generated from the tools a plausible enough argument to confirm the results.  Human error can be culprit of the final analytical results.
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Warning: Unknown codon "CNA", position 783


Warning: Unknown codon "NTG", position 876


Warning: Unknown codon "NTG", position 2145


Warning: Unknown codon "NAT", position 783


Warning: Unknown codon "GCN", position 873


Warning: Unknown codon "TGN", position 2142


Warning: Unknown codon "ACN", position 780


Warning: Unknown codon "CNT", position 873


Warning: Unknown codon "GNT", position 2142





Warning: Unknown codon "ANC", position 1326


Warning: Unknown codon "ANG", position 2595


Warning: Unknown codon "NGT", position 2688


Warning: Unknown codon "NCA", position 1326


Warning: Unknown codon "NGC", position 2595


Warning: Unknown codon "ATN", position 2685


Warning: Unknown codon "CAN", position 1323


Warning: Unknown codon "CAN", position 2592


Warning: Unknown codon "TNG", position 2685





           Sequence     1 AAAGAGAATT GCAGATATTA TGCAACTACC TTCCGAACTT GTGCGGATAC  


Translation-Frame-1     1 K  E  N  C   R  Y  Y   A  T  T   F  R  T  C   A  D  T   


Translation-Frame-2     1  K  R  I   A  D  I  M   Q  L  P   S  E  L   V  R  I  P  


Translation-Frame-3     1   R  E  L   Q  I  L   C  N  Y  L   P  N  L   C  G  Y    


         Complement     1 TTTCTCTTAA CGTCTATAAT ACGTTGATGG AAGGCTTGAA CACGCCTATG  


Translation-Frame-4     1     S  F   Q  L  Y  *   A  V  V   K  R  V   Q  A  S  V  


Translation-Frame-5     1    L  S  N   C  I  N   H  L  *   R  G  F  K   H  P  Y   


Translation-Frame-6     1   F  L  I   A  S  I   I  C  S  G   E  S  S   T  R  I    











           Sequence   751 CTTACAAGCA CTGGACAATA CATTTACTTC AGACNATCAA TTGTTTATTA  


Translation-Frame-1   751 L  T  S  T   G  Q  Y   I  Y  F   R  -  S  I   V  Y  Y   


Translation-Frame-2   751  L  Q  A   L  D  N  T   F  T  S   D  -  Q   L  F  I  T  


Translation-Frame-3   751   Y  K  H   W  T  I   H  L  L  Q   -  I  N   C  L  L    


         Complement   751 GAATGTTCGT GACCTGTTAT GTAAATGAAG TCTGNTAGTT AACAAATAAT  


Translation-Frame-4   751  S  V  L   V  P  C  Y   M  *  K   L  -  D   I  T  *  *  


Translation-Frame-5   751 A  *  L  C   Q  V  I   C  K  S   *  V  -  L   Q  K  N   


Translation-Frame-6   751   K  C  A   S  S  L   V  N  V  E   S  -  *   N  N  I 





           Sequence   801 CGATGGTATC ATCAGACCAG TTTTCTTCAG CAAATACTAC TCTTCTGATG  


Translation-Frame-1   800  D  G  I   I  R  P  V   F  F  S   K  Y  Y   S  S  D  V  


Translation-Frame-2   800   M  V  S   S  D  Q   F  S  S  A   N  T  T   L  L  M    


Translation-Frame-3   800 R  W  Y  H   Q  T  S   F  L  Q   Q  I  L  L   F  *  C   


         Complement   801 GCTACCATAG TAGTCTGGTC AAAAGAAGTC GTTTATGATG AGAAGACTAC  


Translation-Frame-4   800   S  P  I   M  L  G   T  K  K  L   L  Y  *   E  E  S    


Translation-Frame-5   800  R  H  Y   *  *  V  L   K  R  *   C  I  S   S  K  Q  H  


Translation-Frame-6   800 V  I  T  D   D  S  W   N  E  E   A  F  V  V   R  R  I   








   



























































      QUERY  Q-START  Q-END  TARGET              T-START  T-END   E-VALUE    %ID 


   1. Seq1         1    988  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB5782-b2" �OctHSe.ATYB5782-b2�        1    988       0.0  100.0 


   2. Seq1       374   1300  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB4368-g2" �OctHSe.ATYB4368-g2�       53    979       0.0  86.75 


   3. Seq1      1301   1658  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.APNO1901-g2" �OctHSe.APNO1901-g2�      416     59       0.0  100.0 


   4. Seq1      1301   1658  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB1213-g2" �OctHSe.ATYB1213-g2�      261    618       0.0  100.0 


   5. Seq1      1301   1658  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.APNO3945-g2" �OctHSe.APNO3945-g2�      797    440       0.0  99.72 


   6. Seq1      1301   1658  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB7081-g2" �OctHSe.ATYB7081-g2�      307    664       0.0  99.72 


   7. Seq1      1301   1658  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.APNO3420-g2" �OctHSe.APNO3420-g2�      567    924       0.0  99.44 


   8. Seq1      1301   1658  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB735-g2" �OctHSe.ATYB735-g2�      796    440       0.0  99.72 


   9. Seq1      1301   1647  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=BPHSe.AOIX4030-g2" �BPHSe.AOIX4030-g2�      347      1  1.0d-180  97.98 


  10. Seq1      1301   1658  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB7043-g2" �OctHSe.ATYB7043-g2�      398     41  7.0d-173  96.37 


  11. Seq1       478   1217  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.APNO3456-b2" �OctHSe.APNO3456-b2�      130    871  5.0d-143  84.12 


  12. Seq1      1402   1658  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.APNO2956-b2" �OctHSe.APNO2956-b2�      849    594  7.0d-139  99.61 


  13. Seq1      1301   1584  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.APNO715-g2" �OctHSe.APNO715-g2�      283      1  3.0d-126  95.42 


  14. Seq1      1301   1658  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB6792-b2" �OctHSe.ATYB6792-b2�      417    774   2.0d-96  87.43 


  15. Seq1      1301   1658  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB7897-b2" �OctHSe.ATYB7897-b2�       91    448   2.0d-96  87.43 


  16. Seq1      1301   1658  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB3038-b2" �OctHSe.ATYB3038-b2�      478    835   1.0d-94  87.15 


  17. Seq1      1301   1658  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB1041-b2" �OctHSe.ATYB1041-b2�      420    777   4.0d-94  87.15 


  18. Seq1      1301   1658  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB5990-g2" �OctHSe.ATYB5990-g2�       89    446   4.0d-94  87.15 


  19. Seq1      1301   1658  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB7858-b2" �OctHSe.ATYB7858-b2�      106    463   4.0d-94  87.15 


  20. Seq1      1301   1469  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB5766-g2" �OctHSe.ATYB5766-g2�      169      1   4.0d-91  100.0 


   





           Sequence   851 TATTTGATGT TCACCTTTCT CACTGCNTGC GAGAGTGTGG AATAGAGAAT  


Translation-Frame-1   850   F  D  V   H  L  S   H  C  -  R   E  C  G   I  E  N    


Translation-Frame-2   850 Y  L  M  F   T  F  L   T  -  C   E  S  V  E   *  R  I   


Translation-Frame-3   850  I  *  C   S  P  F  S   L  -  A   R  V  W   N  R  E  *  


         Complement   851 ATAAACTACA AGTGGAAAGA GTGACGNACG CTCTCACACC TTATCTCTTA  


Translation-Frame-4   850 T  N  S  T   *  R  E   *  Q  -   R  S  H  P   I  S  F   


Translation-Frame-5   850   I  Q  H   E  G  K   E  S  -  A   L  T  H   F  L  S    


Translation-Frame-6   850  Y  K  I   N  V  K  R   V  A  -   S  L  T   S  Y  L  I  





           Sequence   901 AGATTTAAAA ACAGCACAGC AAATTTATTT GGAGGCGATG CAAAAATGAG  


Translation-Frame-1   899 R  F  K  N   S  T  A   N  L  F   G  G  D  A   K  M  R   


Translation-Frame-2   899  D  L  K   T  A  Q  Q   I  Y  L   E  A  M   Q  K  *  G  


Translation-Frame-3   899   I  *  K   Q  H  S   K  F  I  W   R  R  C   K  N  E    


         Complement   901 TCTAAATTTT TGTCGTGTCG TTTAAATAAA CCTCCGCTAC GTTTTTACTC  


Translation-Frame-4   899  L  N  L   F  L  V  A   F  K  N   P  P  S   A  F  I  L  


Translation-Frame-5   899 Y  I  *  F   C  C  L   L  N  I   Q  L  R  H   L  F  S   


Translation-Frame-6   899   S  K  F   V  A  C   C  I  *  K   S  A  I   C  F  H    











QUERY               Q-START  Q-END  TARGET              T-START  T-END   E-VALUE    %ID 


  1. � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.APNO3619-b2" �OctHSe.APNO3619-b2�        1    928  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.APNO3619-b2" �OctHSe.APNO3619-b2�        1    928       0.0  100.0 


  2. � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.APNO3619-b2" �OctHSe.APNO3619-b2�        1    912  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.APNO1732-b2" �OctHSe.APNO1732-b2�        1    910       0.0  98.58 


  3. � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.APNO3619-b2" �OctHSe.APNO3619-b2�       17    915  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB612-g2" �OctHSe.ATYB612-g2�      936     36  4.0d-167  83.35 


  4. � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.APNO3619-b2" �OctHSe.APNO3619-b2�        8    629  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB1399-g2" �OctHSe.ATYB1399-g2�      282    901  2.0d-116  84.11 


  5. � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.APNO3619-b2" �OctHSe.APNO3619-b2�        8    695  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB4385-g2" �OctHSe.ATYB4385-g2�      187    873  7.0d-113  82.56 


  6. � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.APNO3619-b2" �OctHSe.APNO3619-b2�      515    904  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB8133-g2" �OctHSe.ATYB8133-g2�      854    464  2.0d-104  87.76 


  7. � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.APNO3619-b2" �OctHSe.APNO3619-b2�      415    918  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=BPHSe.AOIX656-g2" �BPHSe.AOIX656-g2�      155    660  1.0d-102  84.58 


  8. � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.APNO3619-b2" �OctHSe.APNO3619-b2�      411    915  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=BPHSe.AOIX3059-b2" �BPHSe.AOIX3059-b2�      830    324   9.0d-94  83.83 


  9. � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.APNO3619-b2" �OctHSe.APNO3619-b2�      660    915  � HYPERLINK "http://biobike.csbc.vcu.edu:9003/frame?PKG=DRCUTTERBILL1121&NAME=OctHSe.ATYB6681-g2" �OctHSe.ATYB6681-g2�        1    258   9.0d-91  91.86 


   





Parse predicted by GeneMark.hmm 2.4 


GeneMark.hmm PROKARYOTIC (Version 2.6r)


Model organism: Prochlorococcus_marinus_CCMP1375


Sun May  3 12:15:22 2009





Predicted genes


   Gene    Strand    LeftEnd    RightEnd       Gene     Class


    #                                         Length


    1        +          <2         238          237        2


    2        +         249         545          297        1


    3        +         529        >927          399        1














