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Introduction

This is the story of a persistent student who was determined to solve the mystery of two unknown DNA sequences that fit JUST RIGHT.  

The first two sequences she came across, OctHS.ATYB2792-b2 and OctHS.atyb2792-g2, caused the student much distress during the spring semester so she put these two behind her. The next two sequences, OctHS.ATYB5294-b2 and OctHS.ATYB5294-g2, did not produce any promising matches so she put these two behind her as well. However, the third try was charm! She was able to discover some meaning behind the two DNA sequences, OctHS.APNO2486-b2 and OctHS.APNO2486-g2. 
Materials, Methods and Results
The first step after deciding that I would be happy with reads OctHS.APNO2486-b2 and –g2 was to go to Biobike to learn as much as a could regarding these mystery DNA sequences. I discovered that the length of unedited OctHS.APNO2486-b2 was 971 base pairs and OctHSe.APNO2486-g2 was 884 base pairs in length. Remembering that a gene sequence is around 3,000 base pairs length, I knew that my first step would be to lengthen out my reads so I could find open reading frames. 
The contig OctHS.APNO2486-b2 did not have an edited version in BioBIKE so I went ahead and edited the contig myself by starting the sequence from the ATG at base pair 43. I choose this place to edit because I wanted to make sure that I did not have any extra base pairs. 
I did not edit anything off the end of this sequence. I labeled this sequence s1 using the DEFINE function, to refer to in BioBIKE.   

I labeled OctHSe.APNO2486-g2 as s2 by using the DEFINE function in Biobike. Then I used the SEQUENCE-SIMILAR-TO function to run a blast and find similar sequences for each read. I found where these similar sequences overlapped my own and then used the JOIN function, indicating the base pair number to join at the two sequences together. Some of the matches in the blast table overlapped my sequences from right to left rather than left to right. This is due to the fact the DNA sequences are double stranded and complimentary to each other. To attach these opposite sequence strands to mine correctly, I used the INVERSE function to flip and invert the sequence before attaching it to my own.   
Picture of how I lengthened out OctHSe.APNO2486-b2
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The expanded OctHS.APNO2486-b2 read ended up being 3,594 base pairs in length. Now that I had the correct length requirement, I needed to find the open reading frames. I used both ORF finder off the NCBI website and GeneMark to help me out. GeneMark predicted five gene locations and the correlating proteins as shown below.  
GeneMark results for OctHS.APNO2486-b2

 Predicted genes

   Gene    Strand    LeftEnd    RightEnd       Gene     Class

    #                                         Length

    1        -          <2         310          309        1

    2        -         325        1830         1506        1

    3        -        1972        2613          642        1

    4        -        2655        3359          705        1

    5        -        3439       >3594          156        1

Predicted proteins:

>gene_1|GeneMark.hmm|103_aa|-|2|310
>Mon Aug  3 15:28:57 EDT 2009

MKIERELKRIRERYFRVRNRKQKQELEEKDRGLRKKLAELLKKQGWDNKDIQKIINFDIL

DPTAKADWFDPEWMFGVVDGFDVVIGNPPYVRQEKIKKDKPLL

>gene_2|GeneMark.hmm|501_aa|-|325|1830
>Mon Aug  3 15:28:57 EDT 2009

LNRPINERGWAKDEGFLKNRNTFGIKSLYRYEDKFLIPPEEVLKLFENIPFINGGLFECL

DKDSQYIDGFSRRPDKQAKVPDKYFFQEEEQETDLSKYGLGRAKFRGLISIFKDYNWTTD

ESSPIDQEVALDPELLGKVFENLLASYNPETATTARKATGSYYTPKEIVDYMVEESLKEY

FKTRTSLSEEKIEDLFYREEPQLSDEERKELVRAIADIKIIDPACGSGAFCMGALHNFVE

LLTRIDPTNELWKSEQQRRLTNELSERWEEMTQEERNEERAYLLEVFNEQRNYPDYGRKL

YLIQNCIYGVDIQPIAVQLTKLRFFLSLILDQKPSNDKNNNFGILPLPHLETKFVCANTL

IGLESSRRGSVGIIRTQEMMKIERELKRIRERYFRVRNRKQKQELEEKDRELREKLAELL

KKQGWDNKDIQKIINFDILDPTAKADWFDPEWMFGVVDGFDVVIGNPPYVRQEKIKKDKP

LLTKLYGANTLIGWEVQGKEV

>gene_3|GeneMark.hmm|213_aa|-|1972|2613
>Mon Aug  3 15:28:57 EDT 2009

MSEGERLAQRLAEDFSLERLKDFLFEKGFTVEEIQPPIELKEKLKEHVRSIRQSAYKELE

DIGNFNVYAIELKENITERSSKKRQFEIAKEILKVDRLIAGLFVFYPQEGKSFRFSLVFT

EPYGTRREYSPYKRYTYFVSPELPNKTFIKQVGGCEFKSLEDIKKAFSVQPLTKEFYREI

QTWFYHALENYEKEIFFLGRTKRKKTLSALSQG

>gene_4|GeneMark.hmm|234_aa|-|2655|3359
>Mon Aug  3 15:28:57 EDT 2009

MFMIHHVLGEDAKIFSPEEEPKPSELYKKLNTYQEEEESFFSKVKKEYEEILEKHPWIKH

ELEEMPCRVKVAKKGEKNELMVFIRRGKDLFVGYKDYSQSMPLEVSFEEIYEKIKASPEE

KGRELSPEFWEHYQKVLSSHSFVIKRARSENSLESKAFNMVSTLLKMDELKEERKFLNAL

MEDLTEYRTPPEYVLSEIISWETVFKQPEELRREIPELKADLGEDFLEKHQSTL

>gene_5|GeneMark.hmm|51_aa|-|3439|3594
>Mon Aug  3 15:28:57 EDT 2009

GQIPHPYNHRQTFGRHKPKQGWSGDKLRHPLEPSTRDPKGGKDKPYRQKGL

Next I ran a protein blast, basic logic alignment tool, on the above GeneMark results. The first predicted protein match was type IIS restriction enzyme R and M protein [Sulfurihydrogenibium yellowstonense SS-5] with an e-value of 3e-31. The second predicted protein matched conserved hypothetical protein [Sulfurihydrogenibium sp. YO3AOP1] with an e-value 6e-174. The first protein blast hit of the third predicted protein was type IIS restriction enzyme R and M protein [Sulfurihydrogenibium yellowstonense SS-5] with an e-value of 6e-40 and the first blast result of the forth predicted protein came up as helicase domain protein [Sulfurihydrogenibium sp. YO3AOP1] with an e-value of 4e-53. The last query was so short that I could not get any blast hits. 
Just to compare results, I also ran a nucleotide blast. The first result was again Sulfurihydrogenibium sp. YO3AOP1, complete genome. It had 75% coverage, Ie-158 value and a 97% maximum identity. All blast results for read OctHS.APNO2486-b2 pointed to Sulfurihydrogenibium. 

I went through the same processes to lengthen out OctHS.APNO2486-g2 and extended the read to 3,212 base pairs. 
Picture of how I lengthened out OctHSe.APNO2486-g2
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First I ran a nucleotide blast on the extended OctHS.APNO2486-g2 and the first match was Sulfurihydrogenibium sp. YO3AOP1, with a 91% max identity. I then went back to Genemark to obtain the predicted proteins. When I ran the first four
GeneMark Results for expanded OctHS.APNO2486-g2
Predicted genes

   Gene    Strand    LeftEnd    RightEnd       Gene     Class

    #                                         Length

    1        +          <1         156          156        1

    2        +         236         988          753        1

    3        +         981        1259          279        1

    4        +        1394        1699          306        1

    5        +        1765        2502          738        1

    6        +        2481       >3212          732        1

Predicted proteins:

>gene_1|GeneMark.hmm|51_aa|+|1|156
>Thu Nov 12 12:19:01 EST 2009

GQIPHPYNHRQTFGRHKPKQGWSGDKLRHPLEPSTRDPKGGKDKPYRQKGL

>gene_2|GeneMark.hmm|250_aa|+|236|988
>Thu Nov 12 12:19:01 EST 2009

MFMIHHVLGEDAKIFSPEEEPKPSELYKKLNTYQEEEESFFSKVKKEYEEILEKHPWIKH

ELEEMPCRVKVAKKGEKNELMVFIRRGKDLFVGYKDYSQSMPLEVSFEEIYEKIKASPEE

KGRELSPEFWEHYQKVLSSHSFVIKRARSENSLESKAFNMVSTLLKMDELKEERKFLNAL

MEDLTEYRTLPEYVLSEIASWETVLNKPEKLKEKIQELKADLGEDFLEKTKVRFKEESQE

IIIAVENQHE

>gene_3|GeneMark.hmm|92_aa|+|981|1259
>Thu Nov 12 12:19:01 EST 2009

MSEGERLAQRLAEDFSLERLKDFLFEKGFTVEEIQPPIELKEKLKEHVHSIRQSAYKELE

GVGKFKAYAIELKENITERSSKKDSLKSPRKF

>gene_4|GeneMark.hmm|101_aa|+|1394|1699
>Thu Nov 12 12:19:01 EST 2009

VSPELPNKTFIKQVGGCEFKSLEDIKKPLASTANKGVLQRNSNWVLSCVGQLRKGNILPR

QDKKEENFIRLITRLMFVWFIKQMGLVLVPEKLFDPKELKT

>gene_5|GeneMark.hmm|245_aa|+|1765|2502
>Thu Nov 12 12:19:01 EST 2009

LNRPINERGWAKDEGFLKNRNTFGIKSLYRYEDKFLIPPEEVLKLFENIPFINGGLFECL

DKDSQYIDGFSRRPDKQAKVPDKYFFQEEEQETDLSKYGLGRAKFRGLISIFKDYNWTTD

ESSPIDQEVALDPELLGKVFENLLASYNPETATTARKATGSYYTPKEIVDYMVEESLKEY

FKTRTSLSEEKIEDLFYREEPQLSDEERKELVRAIADIKIIDPACGRVVPFAWEPYINSW

NFLTE

>gene_6|GeneMark.hmm|244_aa|+|2481|3212
>Thu Nov 12 12:19:01 EST 2009

VELLNRIDPTNELWKSEQQRRLTNELSERWEEMTQEERNEERAYLLEVFNEQRNYPDYGR

KLYLIQNCIYGVDIQPIAVQLTKLRFFLSLILDQKPSNDKNNNFGILPLPHLETKFVCAN

TLIGLESSRRGSVGIIRTQEMMKIERELKRIRERYFRVRNRKQKQELEEKDRELREKLAE

LLKKQGWDNKDIQKIINFDILDPTAKADWFDPEWMFGVVDGFDVVIGNPPYVRQEKIKKD

KPLL

The first, third, and fourth predicted proteins I did not run through the NCBI protein blast because they were too short. I ran the second predicted protein through the NCBI protein bast I got a first hit on the helicase domain protein for Sulfurihydrogenibium. The fifth and the sixth predicted proteins both came up as conserved hypothetical protein for Sulfurihydrogenibium sp. Y0310P1. 

Discussion
All blast results, including both nucleotide and protein blasts, lead to Sulfurihydrogenibium sp. (strain YO3AOP1) and Sulfurihydrogenibium yellowstonense SS-5. Both are strains of Sulfurihydrogen thermophilic bacterium as well as members of the Aquificales. They can be found in hot springs in the Yellowstone National Park, like the octopus hot springs. 
What is puzzling is that I got bacteria blast results when I was searching in a viral database. So either a virus has infected a certain bacteria and incorporated the bacteria DNA as part of its own or there is bacterial DNA in the virus. One theory is that virus infected the bacteria and through lateral gene transfer, incorporated bacteria genetic material into its own DNA. This is of course how evolution continues. 
My other theory, that the bacteria has some alien DNA clusters incorporated into its genome from a virus points me to Pathogenicity islands (PAIs). PAIs are foreign regions on certain bacterial pathogens that carry genes important to pathogenesis, which is the production and development of disease. These foreign regions tend to be introduced by viruses. (cite) 
An approach to verify whether a PAI exists on a sequence of DNA is to analyze the G+C content of the entire sequence. If the unknown sequences thought to be a PAI have a substantially different G+C fraction than the rest of the sequence, there is a greater reason to believe a PAI exists.    
The entire expanded nucleotide sequence of OctHS.APNO2486-b2 had a G+C Content of 42.38 %. I ran the largest predicted protein hit from GeneMark listed below through GeneMark’s Heuristic approach section again,
(from base pair 325-1830)

TTATACTTCTTTGCCTTGGACTTCCCAACCTATTAGTGTGTTGGCACCAT  

ACAACTTTGTGAGTAATGGTTTATCTTTCTTAATTTTCTCCTGCCTCACA  

TAGGGCGGATTTCCAATCACCACATCAAACCCATCTACCACTCCAAACAT  

CCACTCGGGGTCAAACCAATCTGCCTTTGCGGTGGGGTCCAAAATGTCAA  

AGTTTATTATTTTTTGGATATCTTTGTTGTCCCATCCTTGCTTTTTCAAA  

AGCTCCGCTAACTTTTCCCTTAACTCTCTGTCTTTTTCCTCCAGTTCTTG  

CTTTTGCTTTCTGTTTCTAACCCTGAAGTATCTTTCCCTTATCCTCTTTA  

GCTCGCGTTCTATTTTCATCATCTCTTGAGTTCTTATAATTCCTACACTT  

CCTCGCCTTGAACTTTCCAAACCTATTAGTGTGTTGGCACATACAAACTT  

TGTCTCAAGGTGGGGTAATGGGAGTATTCCAAAGTTGTTGTTTTTGTCGT  

TGCTGGGCTTTTGGTCAAGGATCAAAGACAGGAAAAACCTTAGCTTTGTC  

AGTTGCACCGCTATGGGCTGGATATCCACTCCGTATATACAGTTTTGGAT  

GAGATAAAGCTTTCTTCCGTAGTCGGGGTAATTTCTTTGCTCGTTGAAGA  

CTTCCAAAAGGTATGCCCTTTCTTCGTTTCTTTCCTCTTGGGTCATCTCT  

TCCCATCGCTCAGAGAGTTCATTGGTCAGTCTTCTTTGCTGTTCTGACTT  

CCAAAGTTCGTTGGTTGGGTCTATTCTNGTAAGAAGTTCCACGAAGTTAT  

GTAAGGCTCCCATGCAAAAGGCACCACTGCCACAGGCGGGGTCTATGATT  

TTTATGTCCGCTATGGCTCGGACAAGCTCCTTTCTCTCTTCATCGGAAAG  

CTGGGGTTCTTCTCGGTAAAATAGGTCTTCAATCTTCTCTTCACTTAAGC  

TCGTTCTTGTTTTGAAGTACTCCTTTAGGCTTTCTTCCACCATGTAATCT  

ACGATCTCTTTGGGGGTGTAATAGCTTCCTGTTGCCTTGCGGGCGGTGGT  

AGCGGTTTCTGGGTTGTAAGATGCAAGCAGGTTTTCAAATACCTTTCCCA  

AAAGCTCTGGGTCAAGGGCTACCTCTTGGTCTATGGGACTTGACTCATCG  

GTGGTCCAGTTGTAGTCTTTGAAGATGGATATTAGTCCTCTGAACTTTGC  

CCTTCCAAGTCCATATTTTGAAAGGTCTGTTTCTTGCTCCTCCTCTTGGA  

AGAAGTATTTATCGGGCACTTTGGCTTGCTTGTCTGGTCTTCTTGAAAAG  

CCGTCTATGTATTGGCTGTCTTTGTCCAAACACTCAAAAAGTCCTCCGTT  

TATGAAGGGAATGTTTTCAAAAAGCTTTAGGACTTCCTCCGGGGGTATCA  

AAAATTTGTCTTCATACCTGTATAGGCTCTTTATTCCAAAGGTGTTTCTG  

TTTTTGAGAAAGCCTTCGTCCTTTGCCCATCCTCTTTCGTTTATGGGCCT  

GTTCAA 

and got a G+C content of G+C Content: 43.23 %
The predicted protein from base pair1972 to 2613 had a G+C Content of 40.97 %
The predicted protein form base pair 2655 to 3359 had a G+C Content of 42.13%.  
The other predicted proteins from base pair 2 to 310 and 3439 to 3594 were shorter than 400 nt in length and could not be ran through GeneMark to get a G+C content. All of the G+C fractions I ran are between 40.97 and 43.23% and do not give me a concrete reason to believe I have a PAI in my expanded OctHS.APNO2486-b2 sequence. 
The entire expanded nucleotide sequence of OctHS.APNO2486-g2 had a G+C content of 42.59%. When I ran the largest predicted protein hit from GeneMark, listed below, through GeneMark’s Heuristic approach section,

(base pair 236 to 988)
ATGTTTATGATCCACCATGTTTTGGGAGAGGATGCCAAAATCTTTTCTCC  

CGAAGAGGAGCCCAAACCATCCGAACTATACAAAAAGCTAAACACCTACC  

AAGAAGAAGAAGAAAGCTTTTTCTCAAAGGTCAAAAAAGAGTACGAAGAG  

ATCCTTGAAAAACATCCTTGGATAAAACATGAGCTTGAAGAGATGCCATG  

CAGGGTAAAGGTAGCCAAAAAGGGAGAAAAAAACGAGCTTATGGTGTTCA  

TAAGAAGAGGAAAAGACCTTTTTGTGGGATACAAGGACTACAGCCAAAGC  

ATGCCCTTAGAGGTTAGCTTTGAGGAGATTTATGAAAAAATAAAGGCAAG  

CCCGGAGGAAAAGGGAAGGGAGCTTTCTCCGGAGTTTTGGGAGCATTACC  

AAAAGGTGCTTTCAAGCCATTCCTTTGTAATCAAAAGGGCAAGAAGTGAA  

AACAGCTTGGAAAGTAAGGCATTTAACATGGTCTCCACCCTTTTGAAGAT  

GGATGAACTCAAAGAGGAGAGAAAATTTTTAAACGCCTTGATGGAGGACC  

TAACCGAATACCGAACCCTTCCCGAGTATGTGCTTTCGGAAATCGCAAGT  

TGGGAGACAGTCTTAAACAAGCCAGAAAAGTTAAAAGAGAAAATACAAGA  

GCTAAAGGCAGACCTTGGAGAGGACTTCTTGGAAAAAACCAAAGTGCGCT  

TTAAGGAAGAAAGCCAAGAGATTATAATAGCAGTAGAAAACCAGCATGAG  

TGA 

I go back a G+C Content of 41.30 %
The predicted protein from base pair 1765 to 2502 had a little higher G+C content of 44.44 % The predicted protein from base pair 2481 to 3212 had a G+C Content: 41.94 %. The predicted proteins from base pair 1 to 156, 981 to 1259, and 1394 to 1699 were all under 400 nt in length.  All of the G+C fractions were still in the lower 40% yet I did find a section at 44.44% which is the highest overall. I still would not use the G+C content to persuade someone that I have found a PAI but I am glad I used a technique I learned to explore my sequences further and see if I could find more concrete data other than finding bacteria blast results in a viral database. 
Index of expanded sequences 
S1d, OctHS.APNO2486-b2 
Sequence-of GGAGTAATGG... from 1 to end (3594)

>GGAGTAATGG... from 1 to 3594

GGAGTAATGGTTTATCTTTCTTAATTTTCTCCTGCCTCACATACGGCGGA  

TTTCCAATCACTACATCAAACCCATCCACCACTCCAAACATCCACTCGGG  

GTCAAACCAATCTGCCTTTGCGGTGGGGTCCAAAATGTCAAAGTTTATTA  

TTTTTTGAATATCTTTGTTGTCCCATCCTTGCTTTTTCAAAAGCTCCGCT  

AACTTTTTCCTTAACCCTCTGTCTTTTTCTTCCAATTCTTGCTTTTGTTT  

TCTGTTTCTAACTCTGAAGTATCTTTCCCTTATCCTCTTTAGCTCGCGTT  

CTATTTTCATCACCCTCTGGGCTTTTATACTTCTTTGCCTTGGACTTCCC  

AACCTATTAGTGTGTTGGCACCATACAACTTTGTGAGTAATGGTTTATCT  

TTCTTAATTTTCTCCTGCCTCACATAGGGCGGATTTCCAATCACCACATC  

AAACCCATCTACCACTCCAAACATCCACTCGGGGTCAAACCAATCTGCCT  

TTGCGGTGGGGTCCAAAATGTCAAAGTTTATTATTTTTTGGATATCTTTG  

TTGTCCCATCCTTGCTTTTTCAAAAGCTCCGCTAACTTTTCCCTTAACTC  

TCTGTCTTTTTCCTCCAGTTCTTGCTTTTGCTTTCTGTTTCTAACCCTGA  

AGTATCTTTCCCTTATCCTCTTTAGCTCGCGTTCTATTTTCATCATCTCT  

TGAGTTCTTATAATTCCTACACTTCCTCGCCTTGAACTTTCCAAACCTAT  

TAGTGTGTTGGCACATACAAACTTTGTCTCAAGGTGGGGTAATGGGAGTA  

TTCCAAAGTTGTTGTTTTTGTCGTTGCTGGGCTTTTGGTCAAGGATCAAA  

GACAGGAAAAACCTTAGCTTTGTCAGTTGCACCGCTATGGGCTGGATATC  

CACTCCGTATATACAGTTTTGGATGAGATAAAGCTTTCTTCCGTAGTCGG  

GGTAATTTCTTTGCTCGTTGAAGACTTCCAAAAGGTATGCCCTTTCTTCG  

TTTCTTTCCTCTTGGGTCATCTCTTCCCATCGCTCAGAGAGTTCATTGGT  

CAGTCTTCTTTGCTGTTCTGACTTCCAAAGTTCGTTGGTTGGGTCTATTC  

TNGTAAGAAGTTCCACGAAGTTATGTAAGGCTCCCATGCAAAAGGCACCA  

CTGCCACAGGCGGGGTCTATGATTTTTATGTCCGCTATGGCTCGGACAAG  

CTCCTTTCTCTCTTCATCGGAAAGCTGGGGTTCTTCTCGGTAAAATAGGT  

CTTCAATCTTCTCTTCACTTAAGCTCGTTCTTGTTTTGAAGTACTCCTTT  

AGGCTTTCTTCCACCATGTAATCTACGATCTCTTTGGGGGTGTAATAGCT  

TCCTGTTGCCTTGCGGGCGGTGGTAGCGGTTTCTGGGTTGTAAGATGCAA  

GCAGGTTTTCAAATACCTTTCCCAAAAGCTCTGGGTCAAGGGCTACCTCT  

TGGTCTATGGGACTTGACTCATCGGTGGTCCAGTTGTAGTCTTTGAAGAT  

GGATATTAGTCCTCTGAACTTTGCCCTTCCAAGTCCATATTTTGAAAGGT  

CTGTTTCTTGCTCCTCCTCTTGGAAGAAGTATTTATCGGGCACTTTGGCT  

TGCTTGTCTGGTCTTCTTGAAAAGCCGTCTATGTATTGGCTGTCTTTGTC  

CAAACACTCAAAAAGTCCTCCGTTTATGAAGGGAATGTTTTCAAAAAGCT  

TTAGGACTTCCTCCGGGGGTATCAAAAATTTGTCTTCATACCTGTATAGG  

CTCTTTATTCCAAAGGTGTTTCTGTTTTTGAGAAAGCCTTCGTCCTTTGC  

CCATCCTCTTTCGTTTATGGGCCTGTTCAAAGTGGCAAAAAATAGATTTT  

GAAGTATGGCGTTGTAGTAGTTGTGTCCGTTTCCAAAGTCCTTGACTATG  

TTTTTAACTCCTTTGGGTCAAAAAGCTTTTCGGGAAGACAAGTCCCATCT  

GTTTGATGAACCACACAAACATTAGCCTTGTGATAAGGCGGATAAAGTTT  

TCTTCCTTTTTGTCCTNCCGAGGAAGAATATTTCCTTTTCGTAGTTNTCC  

AACGCATGATAAAACCAAGTTTGAATTTCTCTGTAAAACTCCTTTGTTAG  

CGGTTGGACGCTAAAGGCTTTTTTAATATCCTCTAAGCTTTTAAATTCAC  

ACCCTCCCACTTGCTTTATAAAGGTCTTGTTGGGTAGCTCCGGGCTCACA  

AAGTAGGTGTATCTTTTGTATGGGCTATACTCTCTCCTTGTGCCATAGGG  

TTCTGTAAAGACCAAAGAAAAGCGGAAGGATTTTCCTTCTTGTGGGTAAA  

AAACAAAAAGCCCTGCGATTAATCGGTCTACTTTTAGAATTTCCTTGGCG  

ATTTCAAACTGTCTTTTTTTACTGCTCCTTTCTGTGATGTTTTCTTTTAG  

CTCTATGGCGTATACATTGAAGTTTCCTATGTCCTCAAGCTCTTTGTATG  

CGGACTGCCTTATGGAACGGACGTGTTCTTTTAATTTCTCCTTTAGTTCA  

ATGGGCGGCTGAATTTCCTCTACCGTAAAGCCCTTCTCAAAGAGAAAGTC  

CTTTAATCTTTCGAGGGAAAAGTCCTCTGCCAGCCTTTGGGCTAACCTTT  

CTCCCTCACTCATGCTGGTTTTCTACTGCTATTATAACCTCTTGGCTTTC  

TTCCTTAAAGCGTGCTTTGGTGTTTTTCCAAGAAGTCCTCTCCAAGGTCT  

GCCTTTAGTTCTGGTATTTCTCTNNTNAGCTNTTCTGGCTGTTTAAAGAC  

CGTCTCCCAACTTATGATTTCCGAAAGCACATACTCGGGAGGGGTTCGGT  

ATTCGGTTAGGTCCTCCATCAAGGCGTTTAAAAATTTTCTCTCCTCTTTA  

AGTTCATCCATCTTCAAAAGGGTGGAGACCATGTTAAATGCCTTACTTTC  

CAAGCTGTTTTCACTTCTTGCCCTTTTGATTACAAAGGAATGGCTTGAAA  

GCACCTTTTGGTAATGCTCCCAAAACTCCGGAGAAAGCTCCCTTCCCTTT  

TCCTCCGGGCTTGCCTTTATTTTTTCATAAATCTCCTCAAAGCTAACCTC  

TAAGGGCATGCTTTGGCTGTAGTCCTTGTATCCCACAAAAAGGTCTTTTC  

CTCTTCTTATGAACACCATAAGCTCGTTTTTTTCTCCCTTTTTGGCTACC  

TTTACCCTGCATGGCATCTCTTCAAGCTCATGTTTTATCCAAGGATGTTT  

TTCAAGGATCTCTTCGTACTCTTTTTTGACCTTTGAGAAAAAGCTTTCTT  

CTTCTTCTTGGTAGGTGTTTAGCTTTTTGTATAGTTCGGATGGTTTGGGC  

TCCTCTTCGGGAGAAAAGATTTTGGCATCCTCTCCCAAAACATGGTGGAT  

CATAAACATCTTTGTTTGGGCGATCTCCCTTGATTTGGCTATGTCTGCTC  

CCTTCTCCGTGGGGAAGAAATTGACGATGAATATCTCATCATAAACCTTT  

CTGCCTATACGGTTTATCCTTCCCACCCTTTGGATCACGCGTACTGGGTT  

CCAAGGGATGTCGTAATTTATCACCACTCCAGCCCTGTTTAGGTTTATGC  

CTTCCGAAAGTTTGTCGGTGGTTATAAGGATGTGGTATCTGTCC 

 S2d, OctHSe.APNO2486-g2 
Sequence-of GGACAGATAC... from 1 to end (3212)

>GGACAGATAC... from 1 to 3212

GGACAGATACCACATCCTTATAACCACCGACAAACTTTCGGAAGGCATAA  

ACCTAAACAGGGCTGGAGTGGTGATAAATTACGACATCCCTTGGAACCCA  

GTACGCGTGATCCAAAGGGTGGGAAGGATAAACCGTATAGGCAGAAAGGT  

TTATGATGAGATATTCATCGTCAATTTCTTCCCCACGGAGAAGGGAGCAG  

ACATAGCCAAATCAAGGGAGATCGCCCAAACAAAGATGTTTATGATCCAC  

CATGTTTTGGGAGAGGATGCCAAAATCTTTTCTCCCGAAGAGGAGCCCAA  

ACCATCCGAACTATACAAAAAGCTAAACACCTACCAAGAAGAAGAAGAAA  

GCTTTTTCTCAAAGGTCAAAAAAGAGTACGAAGAGATCCTTGAAAAACAT  

CCTTGGATAAAACATGAGCTTGAAGAGATGCCATGCAGGGTAAAGGTAGC  

CAAAAAGGGAGAAAAAAACGAGCTTATGGTGTTCATAAGAAGAGGAAAAG  

ACCTTTTTGTGGGATACAAGGACTACAGCCAAAGCATGCCCTTAGAGGTT  

AGCTTTGAGGAGATTTATGAAAAAATAAAGGCAAGCCCGGAGGAAAAGGG  

AAGGGAGCTTTCTCCGGAGTTTTGGGAGCATTACCAAAAGGTGCTTTCAA  

GCCATTCCTTTGTAATCAAAAGGGCAAGAAGTGAAAACAGCTTGGAAAGT  

AAGGCATTTAACATGGTCTCCACCCTTTTGAAGATGGATGAACTCAAAGA  

GGAGAGAAAATTTTTAAACGCCTTGATGGAGGACCTAACCGAATACCGAA  

CCCTTCCCGAGTATGTGCTTTCGGAAATCGCAAGTTGGGAGACAGTCTTA  

AACAAGCCAGAAAAGTTAAAAGAGAAAATACAAGAGCTAAAGGCAGACCT  

TGGAGAGGACTTCTTGGAAAAAACCAAAGTGCGCTTTAAGGAAGAAAGCC  

AAGAGATTATAATAGCAGTAGAAAACCAGCATGAGTGAGGGAGAAAGGTT  

AGCCCAAAGGCTGGCAGAGGATTTTTCCCTCGAAAGATTAAAGGACTTTC  

TCTTTGAGAAGGGCTTTACGGTAGAGGAAATTCAGCCTCCCATTGAGCTA  

AAAGAGAAATTAAAAGAACACGTCCATTCCATAAGGCAGTCCGCATACAA  

AGAGCTTGAGGGCGTAGGAAAATTCAAGGCATACGCCATAGAGCTGAAAG  

AAAACATCACAGAAAGGAGCAGTAAAAAAGACAGTTTGAAATCGCCAAGG  

AAATTCTGAAAGCAGACCGATTAATCGCAGGGCTTTTTGTTTTTTACCCG  

CAAGAAGGAAAATCCTTCCGCTTTTCTTTGGTCTTTAGGGAACCTTCTGG  

CACAACGGCAAAGTATAGCACATACAAAAGATACACCTACTTTGTGAGCC  

CAGAGCTACCCAACAAGACCTTTATAAAGCAAGTGGGAGGGTGTGAATTC  

AAAAGCTTAGAGGATATTAAAAAGCCTTTAGCGTCCACCGCTAACAAAGG  

AGTTTTACAAAGAAATTCAAACTGGGTTTTATCATGCGTTGGANAACTAC  

GAAAAGGAAATATTCTTCCTCGGNAGGACAAAAAGGAAGAAAACTTTATC  

CGCCTTATCACAAGGCTAATGTTTGTGTGGTTCATCAAACAGATGGGACT  

TGTCCTTGTTCCCGAAAAGCTTTTTGACCCAAAGGAGTTAAAAACATAGT  

CAAGGACTTTGGAAACGGACACAACTACTACAACGCCATACTTCAAAATC  

TATTTTTTGCCACTTTGAACAGGCCCATAAACGAAAGAGGATGGGCAAAG  

GACGAAGGCTTTCTCAAAAACAGAAACACCTTTGGAATAAAGAGCCTATA  

CAGGTATGAAGACAAATTTTTGATACCCCCGGAGGAAGTCCTAAAGCTTT  

TTGAAAACATTCCCTTCATAAACGGAGGACTTTTTGAGTGTTTGGACAAA  

GACAGCCAATACATAGACGGCTTTTCAAGAAGACCAGACAAGCAAGCCAA  

AGTGCCCGATAAATACTTCTTCCAAGAGGAGGAGCAAGAAACAGACCTTT  

CAAAATATGGACTTGGAAGGGCAAAGTTCAGAGGACTAATATCCATCTTC  

AAAGACTACAACTGGACCACCGATGAGTCAAGTCCCATAGACCAAGAGGT  

AGCCCTTGACCCAGAGCTTTTGGGAAAGGTATTTGAAAACCTGCTTGCAT  

CTTACAACCCAGAAACCGCTACCACCGCCCGCAAGGCAACAGGAAGCTAT  

TACACCCCCAAAGAGATCGTAGATTACATGGTGGAAGAAAGCCTAAAGGA  

GTACTTCAAAACAAGAACGAGCTTAAGTGAAGAGAAGATTGAAGACCTAT  

TTTACCGAGAAGAACCCCAGCTTTCCGATGAAGAGAGAAAGGAGCTTGTC  

CGAGCCATAGCGGACATAAAAATCATAGACCCCGCCTGTGGCAGAGTGGT  

GCCTTTTGCATGGGAGCCTTACATAAACTCGTGGAACTTCTTAACAGAAT  

AGACCCAACCAACGAACTTTGGAAGTCAGAACAGCAAAGAAGACTGACCA  

ATGAACTCTCTGAGCGATGGGAAGAGATGACCCAAGAGGAAAGAAACGAA  

GAAAGGGCATACCTTTTGGAAGTCTTCAACGAGCAAAGAAATTACCCCGA  

CTACGGAAGAAAGCTTTATCTCATCCAAAACTGTATATACGGAGTGGATA  

TCCAGCCCATAGCGGTGCAACTGACAAAGCTAAGGTTTTTCCTGTCTTTG  

ATCCTTGACCAAAAGCCCAGCAACGACAAAAACAACAACTTTGGAATACT  

CCCATTACCCCACCTTGAGACAAAGTTTGTATGTGCCAACACACTAATAG  

GTTTGGAAAGTTCAAGGCGAGGAAGTGTAGGAATTATAAGAACTCAAGAG  

ATGATGAAAATAGAACGCGAGCTAAAGAGGATAAGGGAAAGATACTTCAG  

GGTTAGAAACAGAAAGCAAAAGCAAGAACTGGAGGAAAAAGACAGAGAGT  

TAAGGGAAAAGTTAGCGGAGCTTTTGAAAAAGCAAGGATGGGACAACAAA  

GATATCCAAAAAATAATAAACTTTGACATTTTGGACCCCACCGCAAAGGC  

AGATTGGTTTGACCCCGAGTGGATGTTTGGAGTGGTAGATGGGTTTGATG  

TGGTGATTGGAAATCCGCCCTATGTGAGGCAGGAGAAAATTAAGAAAGAT  

AAACCATTACTC 
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