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Abstract:

This bioinformatics research project sought to discover trends, patterns, or an
understanding of the evolutionary history of the Paramecium bursaria chlorellavirus 1
by using individual viral protein sequences and close protein homologues. This data was
downloaded, aligned by a multiple-alignment program, Clustal-W, and then the Clustal-
W data output was used to make evolutionary trees. Unfortunately, | was not able to find
any clear patterns or to derive an understanding of the complete viral genome history, and

only able to make individual protein analysis based on the trees.

I ntroduction:

Chlorella identifies a genus of fresh-water green agae that have endosymbiotic
relationships with other organisms. The chlorellais housed within the host organism
while the algae supplies photosynthates for the host (Speer). The protozoan Paramecium
bursaria is one such organism that plays host to chlorellaagae in nature (picture 1 in
Appendix 1) (Van Etten).

Paramecium bursaria chlorellavirus or PBCV-1 is part of agroup (family
Phycodnaviridae, genus Chlorovirus) of double-stranded linear DNA, plaque-forming
viruses that infect and replicate in eukaryotic green algae. In nature, the algae is protected
from infection by the protozoan host, but in alab, chlorella can be isolated from the host

and then infected with the virus, with plaques appearing on chlorella plated with virus



within afew days of plating. The virusis quite large, with a genome of 330,744 base-
pairs and has about 375 protein-encoding genes (Van Etten). It isarelatively unexplored
virus; although it has been sequenced, many of the genes produce proteins of unknown
function and only a partial gene map with positively identified proeins has been
published (Picture 2 in Appendix 1). In order to infect the chlorellaalgae, PBCV-1
attaches to the chlorella cell wall, digests the wall at the site of attachment, and then
expelsits virion components into the host algae (Picture 3 in Appendix 1) (Van Etten).
Characteristic of double-stranded DNA viruses, the viral DNA heads to the chlorella's
nucleus and utilizes the host cell for transcription and translation of early proteins
(Rybicki). Interestingly enough, the virus does not seem to have a RNA polymerase, so it
must use the host chlorella’'s RNA polymerase (Ho, p 1744). Once it has replicated the
viral genomic DNA with the help of host enzymes, gone through ‘late’ transcription, and
tranglated and synthesized structural proteins, the virus is assembled and then bursts out
of the host chlorella, ready to infect more algae (Picture 4 in Appendix 1) (Rybicki).

An interesting feature of the virusisits host-specificity. There are three main
groups in the genus Chlorovirus: Paramecium bursaria chlorella NC64A viruses,
Paramecium bursaria chlorella Pbi viruses, and Hydra viridis chlorella viruses. Each of
these viruses will only infect avery specific kind of chlorellaagae. The NC64A viruses
will only attach and infect chlorella strains NC64A, ATCC 30562, and N1A, all
symbionts of Paramecium bursaria isolated from the United States. The Phi viruses will
only attach and infect the chlorella strain of Pbi isolated from Paramecium bursariain
Europe. Finally, the Hydra viridis virus will only infect chlorella strain Florida, a

symbiont of Hydra viridis. The viruses will not infect, nor even attach to the other



chlorella; the NC64A virus won't infect Pbi strains of chlorella, the Pbi virus won't infect
NC64A chlorella, and so on. The main virus groups are broken down again into
subgroups based upon plague size, serological reactivity, resistance of the genome to
restriction endonucleases, and nature and content of methylated bases. Within the NC64A
viruses are 16 specific subgroups, and at |east one specific subgroup exists within the Pbi
and Hydra viridis groups. There are also many tentative subgroups that haven't been
confirmed yet (Table 1 in Appendix 2) (Van Etten, Phycodnaviridae).

This bioinformatics project arose out of an interest to seeif there were any
patterns or evolutionary trends for PBCV-1, aswell as seeif it was possible to get a
rough sense of the origin of the virus. While there is no one clear definition,
bioinformatics encompasses severa different fields of study, including biology, computer
science, and information technology (What is Bioinformatics? 2003). One aim of
bioinformaticsis “the analysis and interpretation of various types of dataincluding
nucleotide and amino acid sequences, protein domains, and protein structures,”
(Education: “What is bioinformatics’ 2003) and my project falls under thisgoal. In
bioinformatics, there are many kinds of data that can be analyzed, worked with, and

interpreted:
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My project involved protein sequences, which would be classified under
asecondary databases.® Primary databases store information that have been derived
experimentally, such as nucleotide sequences and three-dimensional structures, while
datathat are derived from the primary data are grouped as 2secondary databases.® Protein
databases, like the EntrezGenome database | worked with, are considered secondary
databases (3Types of Data® 2003).

The way in which one analyses and interprets the data is the next important facet

of bioinformatics:
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There are various ways that data from databases can be structure in order to revea
patterns or trends in biology. For my project, | explored multiple alignments and then
used the multiple alignment data to create evolutionary trees. Multiple alignment analysis
Is useful because it can reveal 2motifs® that 2provide clues to the biochemical function of
members of the family.® Evolutionary trees display evolutionary relationships between
different organisms and reflect the degrees of similarity between each of the sequences
(BAnalysis and Interpretation of Data® 2003).

Phylogenetic systematics, which is the study of 2indentifying and understanding
the evolutionary relationships among the many different kinds of life on earth,®
(@Systematics and Molecular Phylogenetics® 2003), operates hand-in-hand with
bioinformatics. With multiple alignment data, scientists can create phylogenetic trees that
present evolutionary relationships between organisms. Evolutionary trees are quite
complex, and have avery precise set of terms and characteristics that distinguish one sort

of tree from another.
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Branches can either be scaled or unscaled, and trees can be rooted or unrooted:
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A scaled branch has a branch length that represents the number of changes that
have occurred, while an unscaled branch has a branch length that is not proportional to
the number of changes, although there may be a numerical value indicated. Also, in
rooted trees, the common ancestor is represented at the first node, while unrooted trees
only show the evolutionary relationship between the organisms, without identifying a
specific evolutionary path or ancestor (2 Systematics and Molecular Phylogenetics®

2003). The distinction between rooted and unrooted trees isimportant, because an



unrooted tree can potentially have many different variants when it is displayed as arooted

tree.
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As one can see in these two pictures, the unrooted tree at the top, with ‘A’, ‘B’
‘C',and ‘D', has three possible variations for arooted tree, which means one cannot be
sure which rooted tree is the best match.

The analysis of phylogenetic trees has been invaluable to biologists; using the
clues and relationships revealed by evolutionary trees, scientists are able to make
hypotheses and broadly describe a species evolutionary past and its phylogeny
(@Systematics and Molecular Phylogenetics® 2003). It has been especially useful in
explorations of viruses and their relationships to the three domains of life: bacteria,
eukaryotes, and archaea. Viruses make up afourth group that are not organismsin the
same way the three domains are, but there are many important connections that scientists

have discovered through bioinformatics research.



One scientist, Philip Bell, has proposed that the ancestor of the nucleus was a
complex DNA virus; by using bioinformatics, sequence alignments, and phylogenetic
analysis, Bell found that 2the eukaryotic nucleus appears to share more features with
some complex DNA viruses than it does with typical prokaryotic organisms® and
hypothesized that perhaps the 2establishment of a persistant viral presence in the host
cytoplasm was acrucia step in eukaryogenesis,® since it could mean that 2the nucleus
descended from a complex DNA virus that established a persistant presencein an
archaeal cytoplasm, and that 2host genes|...] could aso have been incorporated into the
viral genome® (Bell 2001). Bell essentially concluded that viruses and their hosts may
have exchanged genes and become more similar to each other in doing so.

Another similar conclusion was raised by Luis Villarreal and Victor DeFilippis,
who have hypothesized that DNA viruses may be the origin of eukaryotic replication
proteins. They noted that @viruses are rarely considered a source of host genes, and hence
viral sequences are not taken into account when reconstructing the tree of life.° They
received results that also seemed to indicate that eukaryotic sequences resembled viral
sequences, though, as they admitted, they are not sure the direction of the evolutionary
change: 21t therefore remains formally possible that the phycodnaviruses acquired DNA
Pol genes from their algal hosts and maintained similarity to them for unknown reasons.®
Despite some doubt on the direction of transfer, Villarreal and DeFilippis still believe that
the transmission was from virus to host. They also mentioned that 2genomic analysis has
suggested that horizontal transfer of gene sets may have been more prevalent than
previously believed, especially in bacterial species. Horizontal transmission of DNA

replication of DNA replication genes, however, would suggest the transfer of



fundamental, complex, cellular components and the involvement of a DNA virus.°
(Villarrea and DeFilippis 2000).

Interestingly enough, both scientific research papers use PBCV-1 in the multiple
alignments and phylogenetic analyses, so it appears that PBCV-1 is an important virus to
study in terms of evolutionary relationships. Armed with this knowledge, | sought to
discover patterns or a general idea of an evolutionary background for the virus, based on
individual proteins of PBCV-1. | ran BLAST searches on various proteins, downl oaded
the sequences of significant hits, ran a multiple alignment program, and was able to
create rooted phylogenetic trees that give me a narrow glimpse into the evolutionary
rel ationships between PBCV-1 and the homol ogue matches that were encountered in the

BLAST reports.

Methods:

Part 1: Vira Genome

The nucleotide sequence of the complete genome of the Paramecium bursaria
chlorellavirus 1 and the corresponding protein sequences were taken from
"EntrezGenome' of the National Center for Biotechnology Information, and more
specifically, from the following site:
[ http://www.ncbi.nlm.nih.gov/cgi-bin/Entrez/framik ?db=genome& gi=14116]

Next, aprotein view of the complete genome was utilized from:

[http://www.ncbi.nlm.nih.gov/cgi-

bin/Entrez/altvik?gi=14116& db=Genome& from=0& to=0]



Part I1: BLAST

From the protein view of the complete PBCV-1 genome, clicking on individual

proteins produced a BLAST report for that specific protein. A broad, random selection of

proteins was used from the genome; however any result that received zero hits or only

picked up asignificant hit from the virus itself was discarded. In order to narrow down

the size of the BLAST reports, on each report, the "Best Hit' function was utilized, with

the predetermined cut-off score of 95.

Example BLAST report (from:

http://www.ncbi.nlm.nih.gov/sutils/blink.cgi ?pid=9631613& cut=95):
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Part 111: BioEdit, ClustalW — Multiple Alignment, and Phylogenetic Trees

A biologica sequence alignment editor, "BioEdit" was downloaded and installed,
available from [http://www.mbio.ncsu.edu/BioEdit/bioedit.html]. The saved BLAST
reports for three PBCV-1 proteins, hypothetical protein A44L, hypothetical protein
A277L, and the PBCV-1 hyaluronan synthase were utilized in order to download the
protein sequences of all the organisms that had come up as significant hits for each
protein, as well as the corresponding PBCV-1 proteins. Within "BioEdit', an alignment
window was created that listed the protein sequences of all the significant hits and the
appropriate PBCV-1 protein. "BioEdit' comesincluded with Clustal W, amultiple
alignment program, and ClustalW was used for each alignment group, ending up with a
ClustalW output that aligned all the protein sequences to each other. Using the Clustal W
ouput data, "Fitch phylogenetic' trees were created from the accessory applications menu
of "BioEdit'. Another application bundled with "BioEdit', called "TreeView', was

installed and used to edit the trees.



Results:

Tree 1:
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Rooted phylogenetic Fitch Tree for the PBCV-1 vira protein "A18L." Associated BLAST
report lists al the full names of the organisms (see Table 2 in Appendix 2).

Name Change Report:

15: [Rickettsia africag]. --> [Rickettsl

16: [Rickettsiaaustralis]. --> [Ricketts2

17: [Rickettsiasp. Cdifornia2]. --> [Ricketts3



19: [Rickettsiafelig]. --> [Ricketts4

20: [Rickettsia helvetica)]. --> [Rickettsb

22: [Rickettsia mongolotimonag]. --> [Ricketts6
23: [Rickettsia montanensis]. --> [Ricketts7

24: [Rickettsia prowazekii]. --> [Ricketts8

25: [Rickettsiasp. A-167]. --> [Ricketts9

26: [Rickettsasp. §]. --> [Rickett10

27: [Rickettsiasibirica --> [Rickettl1l

28: [Rickettsia akari] --> [Rickett12

Tree 2:
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Rooted phylogenetic Fitch tree for PBCV-1 protein "A25L"'. BLAST report in Table 3 of
Appendix 2.

Name Change Report:

7: Escherichia coli 0157 H7 EDL933 --> Escherichl

8: Escherichia coli O157:H7 --> Escherich2

9: Escherichiacoli --> Escherich3

10: Fusobacterium nucleatum subsp. nucleatum ATCC 25586 --> Fusobactel
11: Fusobacterium nucleatum subsp. vincentii ATCC 49256 --> Fusobacte?
12: Haemophilus ducreyi --> Haemophill

13: Haemophilus --> Haemophil2

14: Helicobacter pylori 26695 --> Helicobacl

15: Helicobacter pylori J99 --> Helicobac2



24: Plasmodium falciparum 3D7 --> Plasmodiul
25: Plasmodium yodlii yoelii --> Plasmodiu2
29: rickettsiaconorii --> rickettsi1

30: Rickettsiaprowazekii --> Rickettsi2

31: Rickettsiarickettsii --> Rickettsi3

32: Rickettsiasibirica --> Rickettsi4

Tree 3:
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Rooted phylogenetic Fitch tree for PBCV-1 protein "A34R'. BLAST Reportisin Table4
of Appendix 2.

Name Change Report:

2: [Cryptococcus neoformans var. neoformans]. --> [Cryptocol

8: [Cryptococcus neoformans var. grubii]. --> [Cryptoco2
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Rooted phylogenetic Fitch tree from PBCV-1 protein "A39L"'. BLAST Report in Table 5
of Appendix 2.

Name Change Report:

27: [Plasmodium falciparum 3D7]. --> [Plasmodil

28: [Plasmodium yoelii yoelii]. --> [Plasmodi2

TreeS:
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Rooted phylogenetic Fitch tree from PBCV-1 protein "A8L'. BLAST Report in Table 6
of Appendix 2.
Name Change Report:

4: Methanosarcinamazel Goel --> Methanosal



5: Methanosarcina barkeri --> Methanosa?
Tree6:
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Rooted Fitch Tree from PBCV-1 DNA polymerase. BLAST Report in Table 7 of
Appendix 2.

Name Change Report:

6: ChlorellavirusK2 --> Chlorellal

7: ChlorellavirusNY2A --> Chlorella2

18: Plasmodium falciparum --> Plasmodiul

19: Plasmodium yoelii yodlii --> Plasmodiu2

Tree7:
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Rooted Fitch tree from PBCV-1 exonuclease. BLAST Report in Table 8 of Appendix 2.
Name Change Report:

3: [Bacteriophage 933W]. --> [Bacteriol



5: [Bacteriophage SPP1]. --> [Bacterio2

6: [Bacteriophage VT2-Sq]. --> [Bacterio3

9: [Escherichiacoli CFT073]. --> [Eschericl

11: [Escherichiacoli O157:H7]. --> [Escheric2

12: [Oryzasativa (indica --> [Oryza sal

13: [Oryza sativa (japonica cultivar-group)]. --> [Oryza sa2

Tree8:
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Rooted Fitch tree from PBCV-1 protein gi|9632120. BLAST Report in Table 9 of
Appendix 2.
Name Change Report:

1: Chironomus pallidivittatus --> Chironomul
3: Chironomus thummi --> Chironomu2
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Rooted Fitch tree from PBCV-1 mRNA guanylyltransferase. BLAST Report in Table 10
of Appendix 2.

Name Change Report:

13: [Plasmodium falciparum 3D7]. --> [Plasmodil

14: [Plasmodium yodlii yoelii]. --> [Plasmodi2

Tree 10:
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Rooted Fitch tree from PBCV-1 protein "A44L'. BLAST Report in Table 11 of Appendix
2.
Name Change Report:



19: Plasmodium falciparum 3D7 --> Plasmodiul
20: Plasmodium yoelii yoelii --> Plasmodiu2

Discussion:

As seen in the results section, the final product of this bioinformatics project was
aseries of phylogenetic trees. Each one reveal s the evolutionary relationships between
the input organisms, which were based from the BLAST reports | had received for each
PBCV-1 protein. For thefirst tree, 'A18', PBCV-1ismost closely related to bacteria,
because it shares a node with amajor branch of bacteria organisms. Based upon this clade
of bacteriaand PBCV-1, it can be assumed from the data that in terms of this specific
protein, the virusis most closely related to bacteria.

Nextis A25L'. Unlike the previous tree, this tree does not clearly display a
close relationship with a specific group of organismsthat isn't virus. As one would
expect, PBCV-1is, according to this tree, most closely related to Chlorella virus,
however as one moves out from that clade, organisms such as Caulobacter crescentus
CB15, a bacteria, and Chlamydomonas reinhardtii, a plant. Therefore, | am not able to
come up with aclear conclusion on the basis of this protein that PBCV-1 is most closely
related to plants, bacteria, or any other group of organisms.

"A34R' seemsto be most closely evolutionarily related to Lactobacillus gasseri, a
bacteria, followed by Dictyostelium discoideum and Plasmodium yoelii yoelii, both of
which are classified as 2other eukaryotae.® While perhaps the size of the tree and the
number of organismsin the tree is alimiting factor, according to the BLAST dataand the

evolutionary tree, PBCV-1 is most closely related to bacteriain this instance.



For "A39L', PBCV-1, while off on abranch alone, shares a node with alarge
clade of plants, and therefore it can be assumed that for "A39L", PBCV-1is most closely
related to plant organisms. PBCV-1's DNA polymerase indicates that PBCV-1 is most
closely related to other chlorellaviruses, however the next closest matches are
Plasmodium organisms, classified as 2other eukaryotae,® and Encephalitozoon cuniculi, a
fungus, and then a clade made up of plants. Other than the viral connection, which makes
sense, | again cannot come to an exact conclusion, because of the diverse set of
organisms that seem to be evolutionarily related to the virus.

PBCV-1's exonuclease too shows a connection to a bacteriophage and then
Ectocarpus siliculosus virus, both of which are viruses, however the next closest
grouping is made up of Oryza sativa and Arabidopsis thaliana, which leads me to
interpret that PBCV-1's exonuclease, aside from viruses, is most closely related to plants.

The unknown protein gi|9632120 shares a node with Ectocarpus siliculosus
virus again, however this time the next closest branching is one made up of Homo
sapiens, Mus musculus, and Rattus norvegicus, all metazoans. With this data, one can
then assume that the unknown protein is closest to its metazoan homologues, and for this
one protein, PBCV-1 is most closely related evolutionarily to metazoa.

The virus's mMRNA guanylyltransferase shows that PBCV-1 exists on its own
branching, however it does share a node with a diverse clade that contains metazoan,
plants, 2other eukaryotae®, and fungi, and because of this, | cannot come to a clear
conclusion except that in thisinstance, PBCV-1 seems to have diverged along time ago,
and doesn't have a close connection with specifically one group of organisms.

Lastly, the protein "A44L" also has a somewhat vague tree in terms of
evolutionary patterns, PBCV-1's closest neighbors exist in a clade that contains archaea,
bacteria, metazoan, and bacteria, while another close clade contains plants. The diverse
nature of the closest matches does not readily indicate a pattern or clear relationship to
one group of organisms, and so my results for this tree are inconclusive.

While | was able to analyze and interpret data on an individual protein basis, |
was not able to succeed in determining an overall pattern or understanding of the

evolutionary history of the Paramecium bursaria chlorellavirus 1 genome. It isavery



large virus, with over 330,000 base pairs, and so a small protein set cannot determine the
overall state of the genome. There were some limitationsin that | do not understand the
logarithms that are used in BLAST, Clustal-W, nor in the Fitch phylogenetic tree
program, and so | do not understand the inner workings of the alignment and
phylogenetic tree creations. | changed my trees this time as well; instead of unrooted
trees, | used rooted trees, which more clearly display relationships between organisms;
however, | do not believe that the rooted trees are an accurate representation, because
they assume that the placement of the root is correct, and that the original root is not at
another node. | attempted to utilize out-groups as a way to make my rooted trees more
accurate; however alack of understanding of how to utilize the out-groups meant that |
received convoluted and nonsensical trees when | used an out-group, and so | abandoned
its use and merely made rooted trees without out-groups.

| was also limited by the fact that the BLAST database does not have every
organism; it is dependent on the submissions of scientists, and | may have found a pattern
or connection if | had been able to complete a whole genome analysis between the virus
and its host, since several scientists believe that host and viral genomes are similar due to
horizontal transmission. It would have been especially interesting to find that the virus
and its host share genes and are closely related, however since the host genome has not
been sequenced and is not in the BLAST-database, | was not able to do so. Also, the
BLAST-database is heavily weighted towards bacteria, which may have meant that when
bacteria appeared as "best matches', they were only the "best matches' that the database
had, and not actually the most significant matches. Perhaps in the diversity and variance

of the matches | received | am able to glean some understanding; that the virusisn't most



closely related to one group showsthat it is an old genome, and hasn't recently diverged.
Asthefield of bioinformatics grows and improves, and technology progresses, analyses
such asthis project will become more accurate and more exact, and hopefully will reveal

more patterns and trends that | was able to discover during my project.
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Appendix 1:

Picture 1

Above: A picture of Paramecium bursaria with the green chlorella clearly visible within
the host.
Source: http://protist.i.hosei.ac.jp/PDB3/PCD3710/C/31.jpg

Picture 2
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Picture 3

Above: Infection of Chlorella strain NC64A by PBCV-1.

(A) Vira particle in close proximity to the aga.

(B) and (C) Attachment of PBCV-1to the algal wall and digestion of the wall at the point
of attechment.

(D) Virad DNA beginning to enter the host.

(E) An empty vira capsid remaining on the surface of the host.

(F) PBCV-1 attachment and dissolution of a Chlorella cell wall fragment.

Source: http://plantpath.unl.edu/facilities/Virology/intro.html




Picture 4

Above: Virus particles bursting out of achlorellaalgae cell.
Source: http://plantpath.unl.edu/facilities/Virology/gallery/burst2.html

Appendix 2:

Table 1: Species and Subgroups of Chloroviruses
Source: http://www.ncbi.nim.nih.qov/ICTVdb/Ictv/fs phyco.htm

List of Speciesin the Genus
The ICTVdB virus code and the viruses. Officia virus species names arein italics.
Tentative virus species names, alternative names ( ), isolates, strains, serotypes, or
subspecies are not italicized.

Virus codes, virus names, arthropod vector and host names{ }, serotypes, genome
sequence accession numbers| ] and assigned abbreviations (), are:
Species, their serotypes, strains and isolates



00.051.0.01.003.01.

00.051.0.01.003.
00.051.0.01.005.
00.051.0.01.006.
00.051.0.01.008.
00.051.0.01.011.
00.051.0.01.012.
00.051.0.01.014.
00.051.0.01.017.
00.051.0.01.018.
00.051.0.01.019.
00.051.0.01.021.
00.051.0.01.023.
00.051.0.01.025.
00.051.0.01.026.
00.051.0.01.027.
00.051.0.01.028.

00.051.0.01.004.02.

00.051.0.01.004.

00.051.0.01.002.03.

00.051.0.01.002.

1-Paramecium bursaria Chlorella NC64A virus group:

Paramecium bursaria Chlorella virus 1
Paramecium bursaria Chlorella virus AL1A
Paramecium bursaria Chlorella virus AL2A
Paramecium bursaria Chloréella virus BJ2C
Paramecium bursaria Chlorella virus CA4A
Paramecium bursaria Chlorella virus CA4B
Paramecium bursaria Chlorella virus IL3A
Paramecium bursaria Chlorella virus NC1A
Paramecium bursaria Chlorella virus NESA
Paramecium bursaria Chlorella virus NY2A
Paramecium bursaria Chlorella virus NYsl
Paramecium bursaria Chloréella virus SC1A
Paramecium bursaria Chlorella virus XY6E
Paramecium bursaria Chlorella virus XZ3A
Paramecium bursaria Chlorella virus XZ4A
Paramecium bursaria Chloréella virus XZ4C

2-Paramecium bursaria Chlorella Phi virus group:

Paramecium bursaria Chlorella virus A1
3-Hydraviridis Chlorella virus group:
Hydra viridis Chlorellavirus 1

Tentative Speciesin the Genus

(PBCV-1)
(PBCV-ALIA)
(PBCV-AL2A)
(PBCV-BJ2C)
(PBCV-CA4A)
(PBCV-CA4B)
(PBCV-IL3A)
(PBCV-NCI1A)
(PBCV-NEBA)
(PBCV-NY2A)
(PBCV-NYsl)
(PBCV-SC1A)
(PBCV-XY 6E)
(PBCV-XZ3A)
(PBCV-XZ4A)
(PBCV-XZ4C)

(PBCV-A1)

(HVCV-1)



00.051.0.01.003.01.

00.051.0.81.006.
00.051.0.81.042.
00.051.0.81.043.
00.051.0.81.045.
00.051.0.81.046.
00.051.0.81.047.
00.051.0.81.048.
00.051.0.81.022.
00.051.0.81.029.
00.051.0.81.030.
00.051.0.81.031.
00.051.0.81.032.
00.051.0.81.033.
00.051.0.81.034.
00.051.0.81.035.
00.051.0.81.036.
00.051.0.81.037.
00.051.0.81.038.
00.051.0.81.039.
00.051.0.81.040.
00.051.0.81.041.
00.051.0.81.049.
00.051.0.81.050.
00.051.0.81.051.

00.051.0.01.004.02.

00.051.0.81.007.
00.051.0.81.013.
00.051.0.81.015.
00.051.0.81.054.

00.051.0.01.002.03.

00.051.0.81.052.
00.051.0.81.053.

1-Paramecium bursaria Chlorella NC64A virus group:

Paramecium bursaria Chlorellavirus AL2C
Paramecium bursaria Chlorellavirus CA1A
Paramecium bursaria Chlorellavirus CA1D
Paramecium bursaria Chlorellavirus CA2A
Paramecium bursaria Chlordllavirus IL2A
Paramecium bursaria Chlorellavirus IL2B
Paramecium bursaria Chlorellavirus IL3D
Paramecium bursaria Chloréllavirus IL5-2s1
Paramecium bursaria Chlorelavirus MA1D
Paramecium bursaria Chloréllavirus MA1E
Paramecium bursaria Chlorellavirus NC1B
Paramecium bursaria Chlorellavirus NC1C
Paramecium bursaria Chlorellavirus NC1D
Paramecium bursaria Chlorellavirus NE-8D
Paramecium bursaria Chlorellavirus NY 2B
Paramecium bursaria Chlorellavirus NY 2C
Paramecium bursaria Chlorellavirus NY 2F
Paramecium bursaria Chlorellavirus NY bl
Paramecium bursaria Chlorellavirus SC1B
Paramecium bursaria Chlorellavirus SH6A
Paramecium bursaria Chlorellavirus XZ5C
Paramecium bursaria Chlorellavirus CVBI|I
Paramecium bursaria Chlorellavirus CVK2
Paramecium bursaria Chlorellavirus CVU1

2-Paramecium bursaria Chlorella Phi virus group:

Paramecium bursaria Chlorellavirus B1
Paramecium bursaria Chlordllavirus G1
Paramecium bursaria ChlorellavirusM 1
Paramecium bursaria Chlorélavirus R1
3-Hydra viridis Chlorella virus group:
Hydraviridis Chlorellavirus 2
Hydraviridis Chlorellavirus 3

Table 2: BLAST Report for PBCV-1 A18L

Source: http://www.ncbi.nlm.nih.qgov/sutils/blink.cqgi ?pid=9631587& cut=95& org=1

(PBCV-AL2C)
(PBCV-CA1A)
(PBCV-CA1D)
(PBCV-CA2A)
(PBCV-IL2A)
(PBCV-IL2B)
(PBCV-IL3D)
(PBCV-IL5-251)
(PBCV-MA1D)
(PBCV-MA1E)
(PBCV-NC1B)
(PBCV-NCIC)
(PBCV-NC1D)
(PBCV-NESD)
(PBCV-NY 2B)
(PBCV-NY2C)
(PBCV-NY2F)
(PBCV-NYb1)
(PBCV-SC1B)
(PBCV-SH6A)
(PBCV-XZ5C)
(PBCV-CVBII)
(PBCV-CVK?2)
(PBCV-CVU1

(PBCV-B1)
(PBCV-G1)
(PBCV-M1)
(PBCV-R1)

(HVCV-2)
(HVCV-3)



01|9631587 glycoprotein Vp260-like protein A18L - ChlorellavirusPBCV-1

1335 aa

prrrperprreprr e SCORE PACCESSION GI N ORGANISM

—— 812 6 AAC96382 624061 - 9 Parameciumbursaria Chlorellavirus 1
441 5 BAB83470 18148879 - 24 Chlorela virus

434 1 ZP_000564 23016732 - 20 Magnetospirillum magnetotacticum

423 1 AAL36122 26983930 - 4 Zymomonas mobilis
—— 408 1 ZP_000335 22988498 - 22 Burkholderia fungorum
- 397 3 AAKS82303 15042523 - 4 Chilo iridescent virus
363 1 CAC37380 13810411 - 7 Schizosaccharomyces pombe
346 1 BAB96440 21205748 - 2 Staphylococcus aureus subsp. aureus

340 1 BAB77408 17134851 - 5 Nostoc sp. PCC 7120
— 331 1 NP_105314 13473746 - 5 Mesorhizobium loti
331 1 Q52657 14916620 - 10 Rickettsia conorii
330 1 CAA14908 3861008 - 4 Rickettsia prowazekii

' <
1

322 1 CAC93406 15981852 - 5 Yersinia pestis CO92
== 316 1 ZP_000432 22999293 - 2 Magnetococcus sp. MC-1

314 1 AAF34110 6969930 - 3 Rickettsia akari
= 313 1 ZP 000863 23061519 - 10 Pseudomonas fluorescens
308 1 CAD14589 17427899 - 5 Ralstonia solanacearum
302 1 AAF34123 6969956 - 1 Rickettsia sp. S

- =——= 301 1 AAF34111 6969932 - 1 Rickettsia sp. A-167
e 298 1 AAF34128 6969966 - 3 Rickettsia helvetica
297 1 AAF34118 6969946 - 2 Rickettsia mongolotimonae
295 1 ZP 000655 23027099 - 4 Microbulbifer degradans 2-40

290 1 AAF34112 6969934 - 5 Rickettsia australis
279 1 AAF19169 14670347 - 4 Rickettsia felis

278 1 AAG48556 12082491 - 3 Rickettsia sp. California 2
276 1 ZP_001081 23126216 - 3 Nostoc punctiforme
276 1 CAD51942 23505161 - 9 Plasmodium falciparum 3D7
— 276 1 AAF34109 6969928 - 2 Rickettsia africae
— 275 1 BAA10087 1001461 - 7 Synechocystis sp. PCC 6803
271 1 EAA26188 28262684 - 4 Rickettsia sibirica




== 266 1 JC1340 2144235 - 2 Rickettsia japonica
266 1 ZP_001167 23134956 - 2 Cytophaga hutchinsonii
264 1 AAF34119 6969948 - 4 Rickettsia montanensis

Table 3: BLAST Report for PBCV-1 A25L
Source: http://www.ncbi.nlm.nih.gov/sutils/blink.cqgi ?pid=9631594& cut=95& org=1

01|9631594 hypothetical protein A25L - ChlorellavirusPBCV-1

401 aa

11— 1SCORE PACCESSION GI N ORGANISM

197 6 AAC96397 624064 - 25 Paramecium bursaria Chlorella virus 1
189 5 BAB83470 18148879 - 25 Chlordla virus
——— 187 1 ZP 000194 22972542 - 2 Chloroflexus aurantiacus
—— 159 1 Q52657 14916620 - 15 Rickettsia conorii
158 1 CAA14908 3861008 - 3 Rickettsia prowazekii
157 1 ZP 000875 23062776 - 15 Pseudomonas fluorescens

== 156 1 NP_603198 19703636 - 4 Fusobacterium nucleatum subsp.

nucleatum ATCC 25586

- =——=———— 154 1 ZP 001101 23128316 - 2 Nostoc punctiforme
150 1 ZP 000335 22988471 - 9 Burkholderia fungorum
=- 150 1 ZP 001193 23137619 - 7 Cytophaga hutchinsonii
150 1 NP 105314 13473746 - 8 Mesorhizobium |oti
149 1 EAA18836 23483035 - 3 Plasmodiumyodlii yoelii
— 148 1 A41477 79327 - 6 Rickettsia rickettsii
=— 146 1 AAM29762 20904396 - 1 Methanosarcina mazei Goel
143 1 XP_230826 27704630 - 3 Rattus norvegicus
141 1 EAA26021 28262517 - 5 Rickettsia sibirica
==- 140 1 ZP_000102 22962634 - 1 Rhodopseudomonas palustris
138 1 ZP_000541 23014288 - 6 Magnetospirillum magnetotacticum
— 134 1 CAD42055 23954257 - 2 Escherichia coli

133 1 A43855 282097 - 4 Haemophilusinfluenzae
— 133 1 EAA?24506 27887417 - 3 Fusobacterium nucleatum
subsp. vincentii ATCC 49256

—_— = 132 1 AAG55657 12514410 - 1 Escherichia coli O157:H7
EDL933




= 132 1 AAKZ22991 13422297 - 3 Caulobacter crescentus
CB15

132 1 AAC79757 3929018 - 3 Haemophilus ducreyi
132 1 AADQ7969 2314061 - 3 Helicobacter pylori 26695

== 132 1 BAB34705 13360742 - 1 Escherichia coli O157:H7
132 1 BAB78156 17135610 - 2 Nostoc sp. PCC 7120

131 1 AAD06432 4155426 - 3 Helicobacter pylori J99
131 1 CAA86371 633659 - 1 Saccharomyces cerevisiae
130 1 AAQ25117 27922947 - 1 Chlamydomonas reinhardtii

—— 130 1 AAAB88235 1196513 - 1 Mycobacterium tuberculosis

—— 130 1 BAA97896 8918849 - 2 Plasmid F

129 1 CAD51736 23504952 - 3 Plasmodium falciparum 3D7
129 1 AAM37004 21108380 - 8 Xanthomonas axonopodis pv.

citri str. 306

Table 4: BLAST Report for PBCV-1 A34R
Source: http://www.ncbi.nlm.nih.gov/sutils/blink.cgi ?pi d=9631603& cut=95& org=1
0i[9631603 hypothetical protein A34R - Chlorellavirus PBCV-1

308 aa
| 1 SCORE PACCESSION GI N ORGANISM
== 144 6 AAC96947 2447089 - 3 Paramecium bursaria Chlorella
virus 1
125 1 ZP 000474 23003773 - 1 Lactobacillus gasseri
— 102 1 AAL92361 19570072 - 2 Dictyostelium discoideum
: 101 1 AAM97788 22531808 - 1 Ustilago maydis
= 98 1 EAA15818 23478839 - 1 Plasmodium yoelii
yodlii

97 1 CAC40979 14330664 - 1 Xenopus laevis

97 1 AAN75615 25777809 - 2 Cryptococcus

neofor mans var. neoformans

—_— 95 1 AAG48306 12060951 - 1 Cryptococcus
neoformans var. grubii

Table5: BLAST Report for PBCV-1 A39L
Source: http://www.ncbi.nlm.nih.gov/sutils/blink.cqgi ?pid=9631608& cut=95& org=1




0i[9631608 SK P1 protein homolog A39L - Chlorellavirus PBCV-1
151 aa

rrererprrrrrrrerrrererrreere SCORE PACCESSION Gl N ORGANISM

317 1 AAC63273 3551838 - 1 Nicotiana clevelandii

— 308 1 AAD34458 4959710 - 1 Medicago sativa
308 1 CAA17551 2911041 - 28 Arabidopsis thaliana
302 1 CAA75117 2673868 - 3 Antirrhinum majus
AAAG67888 639924 - 2 Dictyostelium discoideum

301

[EEN

— 301 1 BAC19969 23495758 - 15 Oryza sativa (japonica cultivar-group)
— 294 1 AAB18274 5706736 - 1 Emericella nidulans
293 1 CAAB84618 599693 - 1 Cavia porcellus
291 1 2120310B 1583224 - 5 Mus musculus
290 1 CAB85491 7378764 - 2 Hordeum vulgare subsp. vulgare

— 2881 1FQVB 11513316 - 6 Homo sapiens

284 1 AAL11454 16024893 - 1 Physarum polycephalum
281 1 AAM92014 22094874 - 1 unidentified
279 1 BAAT77790 4887603 - 1 Schizosaccharomyces pombe
273 1 AAL76231 18643092 - 1 Microsporum canis
— 271 1 AAM90676 22086560 - 1 Neurospora crassa

271 1 AAF82795 9082295 - 1 Brassica napus
267 1 EAA10209 21298064 - 1 Anopheles gambiae str. PEST
263 1 CABO03027 3876559 - 25 Caenorhabditis elegans
- 246 1 AADO01496 4102463 - 1 Kluyveromyces lactis
—Emm— 245 1 AAF58579 7303524 - 9 Drosophila melanogaster
— 239 1 AAD56717 5931944 - 1 Candida glabrata
233 1 AABG64763 915003 - 2 Saccharomyces cerevisiae

231 1 CAB87835 7573587 - 2 Viciafaba

— 224 1 CAA05891 2759997 - 1 Citrussinensis

— 214 1XP_226495 27659268 - 2 Rattus norvegicus

— 204 1 CAD52790 23615798 - 1 Plasmodium falciparum 3D7

200 1 EAA18927 23483170 - 1 Plasmodium yoelii yodlii

129 1 AAA74195 940049 - 1 Phaseolusvulgaris

111 1 CAD26176 19168657 - 1 Encephalitozoon cuniculi
99 1 AAB25339 265431 - 1 Cavia
—— 951 AAB49321 1173626 - 1 Phalaenopsis sp. SM9108




Table 6: BLAST Report for PBCV-1 A8L
Source: http://www.nchi.nlm.nih.gov/sutils/blink.cgi 7pid=9631577& cut=95& org=1

Query: gi|9631577 ankyrin repeat protein A8L - ChlorellavirusPBCV-1
Matching gi: 624057, 7461217

137 aa
e SCORE P ACCESSION GI N ORGANISM

= 226 6 AAC96986 2447128 - 13 Paramecium bursaria Chlorella virus 1
= 209 1 1NORA 28373837 - 19 synthetic construct
188 1 AAM?29741 20904373 - 6 Methanosarcina mazel Goel
173 1 EAA02381 21290236 - 10 Anopheles gambiae str. PEST
170 1 AAB47805 1845265 - 47 Homo sapiens
— 166 3 AAF44590 7271744 - 6 Fowlpox virus
163 1 XP_221001 27689821 - 8 Rattus norvegicus
163 1 AAH21490 18204817 - 66 Mus musculus
=- 158 1 ZP_000427 22998664 - 5 Magnetococcus sp. MC-1
156 1 ZP 000773 23050413 - 7 Methanosarcina barkeri

Table 7: BLAST Report for PBCV-1 DNA polymerase
Source:_http://www.ncbi.nlm.nih.qov/sutils/blink.cqgi ?pid=9631753& cut=95& org=1

0i[9631753 DNA polymerase
913 aa

g SCORE PACCESSION GI N ORGANISM

4736 6 A42543 476346 - 14 Paramecium bursaria Chlorella virus 1

4661 5 BAA35142 4038646 - 1 ChlorellavirusK2
4313 5 P30320 232016 - 1 Chlorella virus NY2A

1072 1 CAD?21389 18376276 - 1 Neurospora crassa
1061 1 BAA99573 9188570 - 1 Oryza sativa (japonica cultivar-group)
1050 1 CAB58156 6048293 - 4 Schizosaccharomyces pombe
— 1049 1 AAC18443 2895198 - 1 Glycine max
1046 1 CAA21949 3850149 - 3 Candida albicans

1031 1 BAA96899 8777309 - 1 Arabidopsisthaliana
1019 1 CABO04077 3875739 - 1 Caenorhabditis elegans
1008 1 CAA43922 4191 - 3 Saccharomyces cerevisiae
- === 1004 1 AAF49555 7294203 - 2 Drosophila melanogaster
988 1 EAAQ00051 21287730 - 1 Anopheles gambiae str. PEST




== 972 1 A39299 89534- 1 Bostaurus
- Em 970 1 AAM76971 21885469 - 10 Homo sapiens

968 1 CAD27015 19171290 - 1 Encephalitozoon cuniculi
960 1 XP 193038 25050691 - 9 Mus musculus

- 960 1 AAB47255 1840091 - 2 Mesocricetus auratus
- 957 1 CAA44289 9941 - 1 Plasmodium falciparum
- 955 5 AAB49748 1304463 - 1 Paramecium
bursaria Chlorella virus CVA-1

945 1 CAA10946 2687728 - 2 Rattus norvegicus
= 922 1 EAA21409 23488820 - 1 Plasmodium yoelii yoelii

Table 8: BLAST Report for PBCV-1 exonuclease
Source:  http://www.ncbi.nlm.nih.gov/sutils/blink.cqgi ?pid=9631735& cut=95& org=1

019631735 PBCV-1 exonuclease [Paramecium bursaria Chlorella virus 1]

268 aa

—r——~ SCORE PACCESSION GI N ORGANISM

203 1 AAG28903 11072024 - 4 Arabidopsis thaliana

171 4 AAK14487 13177343 - 1 Ectocarpus siliculosus virus
159 1 BAA94112 7649834 - 1 Escherichia coli O157:H7
157 3 BAAB84296 5881605 - 1 Bacteriophage VT2-Sa
156 1 AAG55107 12513713 - 1 Escherichia coli O157:H7

EDL933
156 1 CAC09491 10241653 - 1 Oryza sativa (indica cultivar-

group)
S = 156 1 AAF28114 6759956 - 1 Shigella dysenteriae

156 1 CADA41398 21741454 - 1 Oryza sativa (japonica cultivar-

group)

150 1 AANB80003 26107804 - 1 Escherichia coli CFT073
150 3 AAD25418 4585390 - 1 Bacteriophage 933W

149 3 NDBPXL 75977 - 2 Bacteriophage lambda

134 1 CADO05410 16502171 - 1 Salmonella enterica subsp.

enterica serovar Typhi

e 134 1 AAL89918 19527607 - 2 Drosophila melanogaster

127 1 CAB38249 4468960 - 1 Phytoplasma sp.
100 3 CAA48050 439630 - 2 Bacteriophage SPP1
98 3 CAASL0817 450709 - 2 African swine fever virus

95 1 AAMO08015 20095149 - 1 Providencia rettgeri
95 1 AAL59709 21885303 - 1 Vibrio cholerae
95 1 ZP_000386 22994123 - 1 Xylella fastidiosa Dixon




Table 9: BLAST Report for PBCV-1 0i[|9632120
Source: http://www.nchi.nlm.nih.gov/sutils/blink.cgi 7pi d=9632120& cut=95& org=1

0i[9632120 similar to Chlorelavirus PBCV-1 ORF A154L, correspondsto GenBank
Accession Number U42580 [Paramecium bursaria Chlorellavirus1]

351 aa
e SCORE PACCESSION GIE N ORGANISM

1346 6 AAC96522 1131498 - 2 Paramecium bursaria Chlorella virus 1
186 4 AAK14433 13177289 - 3 Ectocarpus siliculosus

Virus

118 1 XP_218036 27730577 - 6 Rattus norvegicus
130 1 BAC31714 26336032 - 13 Mus musculus
127 1 AAA99803 1314732 - 1 Chironomus pallidivittatus
123 1 CAA36506 7058 - 1 Chironomus tentans
118 1 AAA99804 1314734 - 1 Chironomus thummi
= 98 1 AAG37861 11545465 - 36 Giardia intestinalis
95 1 AAB94784 2739353 - 22 Homo sapiens
102 1 AAMO08468 28850374 - 2 Dictyostelium

discoideum
—— 97 1 CAA64974 3250920 - 1 Trichoderma harzianum

Table 10: BLAST Report for PBCV-1 mRNA guanylyltransferase
Source: http://www.nchi.nlm.nih.gov/sutils/blink.cgi 7pid=9631672& cut=95& org=1

019631672 PBCV-1 mRNA guanylyltransferase Paramecium bursaria Chlorella
virus1

330 aa
o SCORE PACCESSION GIE N ORGANISM

1721 6 1CKNB 2392236 - 1 Paramecium bursaria Chlorellavirus 1
214 1 BAA11833 1783271 - 1 Candida albicans
197 1 AAA6B4996 562123 - 1 Schizosaccharomyces pombe
189 1 AAN17417 23306380 - 5 Arabidopsis thaliana
3 1 AAF43143 7239232 - 2 Xenopus laevis
177 3 AAL98788 19773674 - 1 Infectious spleen and kidney necrosis

\l

[e0]
(]

ARy
=
0]

virus
175 1 AABS88903 2689030 - 2 Mus musculus

——— 173 1 BAAO01103 529647 - 2 Saccharomyces cerevisiae
170 1 AAB91559 2697129 - 6 Homo sapiens




159 1 CAC27110 12580792 - 1 Guillardia theta

153 1 CAD27012 19171287 - 1 Encephalitozoon cuniculi

- 150 1 T18885 7495265 - 3 Caenorhabditis elegans

149 1 AAF48361 7292972 - 1 Drosophila melanogaster

139 1 EAAQ9444 21297299 - 1 Anopheles gambiae str. PEST

125 1 EAAL7075 23480542 - 2 Plasmodium yodlii

yodlii
123 1 AAN36756 23497209 - 1 Plasmodium falciparum

3D7
101 1 XP_232865 27714309 - 1 Rattus norvegicus
99 3 AAA42692 210616 - 2 African swine fever virus

Table 11: BLAST Report for PBCV-1 A44L
Source:
Query: 0i|9631613 hypothetical protein A44L - Chlorellavirus PBCV-1

599 aa
et SCORE PACCESSION GI N ORGANISM
= 234 3 AALBS83187 18996751 - 1 Pseudomonas phage phiKZ
= 221 1 CAC28656 12718305 - 3 Neurospora crassa
= 159 1 AABG64811 849196 - 5 Saccharomyces
cerevisiae
' 155 1 EAA08672 21296527 - 10 Anopheles gambiae
str. PEST
== 152 1 BABO02175 9294273 - 61 Arabidopsis
thaliana
— 150 1 CAD50306 23498355 - 4 Plasmodium
falciparum 3D7

= 146 1 AAMO08898 20043090 - 11 Oryza sativa

(Jjaponica cultivar-group)

146 1 AAC46338 2612914 - 1 Bacillus subtilis
145 1 AAH45990 28277919 - 2 Danio rerio
145 1 CAC10189 10334648 - 2 Kluyveromyces

lactis
= 145 1 BAA13798 1749480 - 5 Schizosaccharomyces
pombe
= 144 1 BAB28162 12848991 - 7 Mus musculus
== 143 1 AAH45021 27924217 - 4 Xenopus laevis
= 143 1 EAA22045 23490216 - 5 Plasmodium yoelii
yodlii

142 1 AAB97365 2795916 - 11 Homo sapiens
142 1 BAB18781 11559424 - 1 Cucumis sativus
141 1 AAK42941 13816186 - 4 Sulfolobus

solfataricus



= 138 1 AAF52876 7297623 - 6 Drosophila

melanogaster
= 135 1 CAA90252 3877502 - 2 Caenorhabditis
elegans
— 133 1 NP_110901 13541213 - 1 Thermoplasma
volcanium
p— 132 1 AAB70882 1710984 - 2 Rattus norvegicus
:—— 132 1 ZP_001062 23124271 - 1 Nostoc punctiforme
132 1 ZP 000762 23048887 - 1 Methanosarcina
barkeri
— 131 1 AAB40928 4996891 - 2 Dictyostelium
discoideum
= 129 1 AAGI19776 10580970 - 5 Halobacterium sp.
NRC-1
p— 129 1 AAC60013 1399943 - 2 Gallusgallus
: 126 1 ZP_000016 22406840 - 1 Ferroplasma
acidarmanus

: 126 1 AAB86112 2622767 - 3 Methanothermobacter
thermautotrophicus str. Delta H
S - 126 1 AAB89948 2649281 - 4 Archaeoglobus

fulgidus
— 125 1 CAA56097 517390- 2 Halobacterium

salinarum
= 125 1 AAMO7471 19918226 - 1 Methanosarcina
acetivorans C2A
— 125 1 AAM30494 20905207 - 1 Methanosarcina

mazei Goel



