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MODULE 2a: NEW SPECIES

If more than one, they should be a group of related species belonging to the same genus. All new
species must be placed in a higher taxon. This is usually a genus although it is also permissible for
species to be “unassigned” within a subfamily or family. Wherever possible, provide sequence
accession number(s) for one isolate of each new species proposed.

Code |2013.001aB (assigned by ICTV officers)

To create 3 new species within:
Fill in all that apply.

Genus: | Alphasphaerolipovirus (new) * Ifthe higher taxon has yettobe
Subfamily: ‘(‘:reatec,i, (ina !ater module, below) write
- _ — (new)” after its proposed name.
Family: | Sphaerolipoviridae (new) « If no genus is specified, enter
Order: “unassigned” in the genus box.
And name the new species: GenBank sequence accession
number(s) of reference isolate:
Haloarcula hispanica virus SH1 SH1: AY950802
Haloarcula hispanica virus PH1 PH1: KC252997
Haloarcula hispanica icosahedral virus 2 HHIV-2: IN968479

Reasons to justify the creation and assignment of the new species:

e Explain how the proposed species differ(s) from all existing species.

o If species demarcation criteria (see module 3) have previously been defined for the
genus, explain how the new species meet these criteria.

o If criteria for demarcating species need to be defined (because there will now be more
than one species in the genus), please state the proposed criteria.

e Further material in support of this proposal may be presented in the Appendix, Module 9
These three viruses of Haloarcula hispanica (Family Halobacteriaceae, Phylum
Euryarchaeota), share similar virus morphology including an internal membrane layer,
genomic and protein sequences (particularly the major capsid protein genes), gene synteny, and
genomic structure (dSDNA with terminal proteins). They differ from other described viruses
that infect members of the Halobacteriaceae, or other Archaea, Bacteria or Eukarya.
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MODULE 3a: NEW GENUS - Alphasphaerolipovirus

Ideally, a genus should be placed within a higher taxon.
Code 2013.001bB (assigned by ICTV officers)

To create a new genus within:

Fill in all that apply.
Subfamily: o If the higher taxon has yet to be created

T — (in a later module, below) write “(new)”
Famlly: Sphaerolipoviridae (new) after its proposed name.
Order: « If no family is specified, enter

“unassigned” in the family box

Code 2013.001cB (assigned by ICTV officers)

To name the new genus: Alphasphaerolipovirus

Code 2013.001dB (assigned by ICTV officers)

To designate the following as the type species of the new genus

Every genus must have a type species. This should
be a well characterized species although not
necessarily the first to be discovered

Haloarcula hispanica virus SH1

The new genus will also contain any other new species created and assigned to it (Module 2) and any that
are being moved from elsewhere (Module 7b). Please enter here the TOTAL number of species
(including the type species) that the genus will contain:

3

Reasons to justify the creation of a new genus:
Additional material in support of this proposal may be presented in the Appendix, Module 9

These viruses show strong similarity to each other in the sequences of their major capsid proteins, in their
DNA genomes, and in their particle morphology, but they differ significantly from other described viruses
in all of these properties. They have a similar particle structure, including an icosahedral protein capsid (50
to 80 nm) that contains an internal lipid membrane. The capsid geometry of one member (SH1) has been
determined and found to be novel (T=28 dextro). Their genomes are linear dSDNA (ranging from
approximately 28 to 31 kbp) and have terminal inverted repeats and the termini have attached proteins. (For
more detail see the annex in module 9)

Origin of the new genus name:

| Sphaerolipovirus; from the Latin sphaero, for “sphere”, and the Greek lipos, for “fat”. \

Reasons to justify the choice of type species:

| SH1 was the first described member of this genus |

Species demarcation criteria in the new genus:

If there will be more than one species in the new genus, list the criteria being used for species demarcation
and explain how the proposed members meet these criteria.

All members infect haloarchaeal hosts. Virions have isometric (icosahedral) capsids with internal
lipid membranes, and contain dsDNA with inverted terminal repeat sequences and terminal
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proteins. The capsid structure has been resolved for SH1, with a novel geometry of T=28 dextro
(Jaélinoja et al., 2008). SH1, PH1 and HHIV-2 encode virus capsid proteins that are highly similar
in sequence, particularly the major capsid proteins (see appendix). Species demarcation within this
genus is based on nucleotide sequence similarity (80% threshold) of their genomes, and by
differences in the amino acid sequence of their major capsid proteins. The three proposed species
share less than 75% nucleotide similarity across their aligned genomes. Regarding the amino acid
sequences of the two major capsid proteins, VP4 and VVP7, all species show 14 or more, and 3 or
more amino acid differences, respectively.

MODULE 2b: NEW SPECIES

If more than one, they should be a group of related species belonging to the same genus. All new
species must be placed in a higher taxon. This is usually a genus although it is also permissible for
species to be “unassigned” within a subfamily or family. Wherever possible, provide sequence
accession number(s) for one isolate of each new species proposed.

Code |2013.001eB (assigned by ICTV officers)

To create 1 new species within:
Fill in all that apply.

Genus: | Betasphaerolipovirus (new) * If the higher taxon has yetto be
Subfamily: created (in a later module, below) write
. y: . — “(new)” after its proposed name.
Family: | Sphaerolipoviridae (new) « If no genus is specified, enter
Order: “unassigned” in the genus box.
And name the new species: GenBank sequence accession
number(s) of reference isolate:
Natrinema virus SNJ1 AY048850

Reasons to justify the creation and assignment of the new species:
e Explain how the proposed species differ(s) from all existing species.
o If species demarcation criteria (see module 3) have previously been defined for the
genus, explain how the new species meet these criteria.
o If criteria for demarcating species need to be defined (because there will now be more
than one species in the genus), please state the proposed criteria.
e Further material in support of this proposal may be presented in the Appendix, Module 9
This virus of Natrinema sp. J7-1 (Family Halobacteriaceae, Phylum Euryarchaeota), differs

significantly from other known viruses, including its genome sequence and predicted proteins.
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MODULE 3b: NEW GENUS - Betasphaerolipovirus

Ideally, a genus should be placed within a higher taxon.

Code 2013.001fB (assigned by ICTV officers)

To create a new genus within:
Fill in all that apply.

Subfamily: e If the higher taxon has yet to be created
Family: | Sphaerolipoviridae (new) (in a later module, below) write “(new)”
y: p p after its proposed name.

Order: « If no family is specified, enter
“unassigned” in the family box

Code 201300198 (assigned by ICTV officers)

To name the new genus: Betasphaerolipovirus

Code 2013.001hB (assigned by ICTV officers)

To designate the following as the type species of the new genus

Every genus must have a type species. This should
Natrinema virus SNJ1 be a well characterized species although not
necessarily the first to be discovered

The new genus will also contain any other new species created and assigned to it (Module 2) and any that
are being moved from elsewhere (Module 7b). Please enter here the TOTAL number of species
(including the type species) that the genus will contain:

1

Reasons to justify the creation of a new genus:
Additional material in support of this proposal may be presented in the Appendix, Module 9

Natrinema virus SNJ1 infects the haloarchaeon, Natrinema sp. J7-1, and has virions that are
similar in size and structure to alphasphaerolipoviruses i.e. are round, approximately 72 nm in
diameter, and contain an internal lipid layer. The SNJ1 genome shares little nucleotide similarity
with and is significantly smaller than the genomes of alphasphaerolipoviruses. The genome of
SNIJ1 is circular dsSDNA, which differs from the linear dSDNAs of alphasphaerolipoviruses. The
proteins specified by the SNJ1 genome show a weak but specific relationship to members of the
genus alphasphaerolipovirus. See also appendix, Module 9

Origin of the new genus name:

Betasphaerolipovirus; from beta, second letter of the Greek alphabet, indicating second genus of
this family; from the Latin sphaero, for “sphere”, and the Greek lipos, for “fat”.

Reasons to justify the choice of type species:

| Natrinema virus SNJ1 is the first described member of this genus (Zhang et al., 2012)
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Species demarcation criteria in the new genus:
If there will be more than one species in the new genus, list the criteria being used for species demarcation
and explain how the proposed members meet these criteria.

| Currently only one species described.

MODULE 2c: NEW SPECIES

If more than one, they should be a group of related species belonging to the same genus. All new
species must be placed in a higher taxon. This is usually a genus although it is also permissible for
species to be “unassigned” within a subfamily or family. Wherever possible, provide sequence
accession number(s) for one isolate of each new species proposed.

Code |2013.001IB (assigned by ICTV officers)

To create 2 new species within:
Fill in all that apply.

Genus: | Gammasphaerolipovirus (new) e If the higher taxon has yettobe
Subfamily' created (in a !ater module, below) write
= — “(new)” after its proposed name.
Family: | Sphaerolipoviridae (new) « If no genus is specified, enter
Order: “unassigned” in the genus box.
Name of new species: GenBank sequence accession

Thermus thermophilus phage P23-77 number(s)
Thermus thermophilus phage IN93 P23-77: GQ403789
IN93: AB063393

Reasons to justify the creation and assignment of the new species:
e Explain how the proposed species differ(s) from all existing species.
o If species demarcation criteria (see module 3) have previously been defined for the
genus, explain how the new species meet these criteria.
o If criteria for demarcating species need to be defined (because there will now be more
than one species in the genus), please state the proposed criteria.
e Further material in support of this proposal may be presented in the Appendix, Module 9

The two viruses infecting extreme thermophilic Thermus thermophilus (Family Thermaceae,
Order Thermales, Class Deinococci, Phylum Deinococcus-Thermus) share similar virion
organization: the icosahedral protein capsid composed of two major capsid proteins covers the
internal lipid membrane, which encloses the circular double-stranded DNA genome.
Furthermore, the two viruses display extensive similarity and colinearity along their genome
lengths. In their structural and genomic properties, P23-77 and IN93 differ from all other
described viruses that infect Bacteria. However, the features described above are shared
between the two viruses and members of the proposed family of archaeal viruses, the
“Sphaerolipoviridae”.
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MODULE 3c: NEW GENUS - Gammasphaerolipovirus

Ideally, a genus should be placed within a higher taxon.

Code 2013.00 1] B (assigned by ICTV officers)

To create a new genus within:
Fill in all that apply.

Subfamily: o If the higher taxon has yet to be created

= - — (in a later module, below) write “(new)”
Family: | Sphaerolipoviridae (new) after its proposed name.

Order: « If no family is specified, enter
“unassigned” in the family box

Code 2013.001kB (assigned by ICTV officers)

To name the new genus: Gammasphaerolipovirus

Code 2013.0011B (assigned by ICTV officers)

To designate the following as the type species of the new genus

Every genus must have a type species. This should

Thermus thermophilus bacteriophage P23-77 be a well characterized species although not
necessarily the first to be discovered

The new genus will also contain any other new species created and assigned to it (Module 2) and any that
are being moved from elsewhere (Module 7b). Please enter here the TOTAL number of species
(including the type species) that the genus will contain:

2

Reasons to justify the creation of a new genus:
Additional material in support of this proposal may be presented in the Appendix, Module 9

P23-77 was isolated from an alkaline hot spring on the North Island of New Zealand. The strictly
Iytic phage infects Thermus thermophilus ATCC 33923 and ATCC 27978 (Yu et al, 2006). IN93
was isolated from hot spring soil in Japan (Matsushita et al., 1995). It is a temperate phage that
could be induced from lysogenic host, T. thermophilus TZ2. As P23-77, IN93 has a narrow host
range, infecting only T. thermophilus HB8 besides its original host (Matsushita and Yanase, 2009).
P23-77 and IN93 virus particles are spherical, tailless and have an average diameter of ~80 nm. An
inner lipid membrane is located between the capsid and the circular dAsDNA genome (Module 9,
Annex, Figure 8). P23-77 shares 87% of its genes with IN93, yet 78% of the gene products lack
similarity to any other protein sequences in public databases. The gene order is highly conserved in
the two genomes (Module 9, Annex, Figure 9). The viral core proteins — the putative genome
packaging ATPase and the small and large major capsid proteins — are among the most conserved
proteins in P23-77 and IN93 with sequence identities of 79, 74 and 79%, respectively. The recently
solved structure of the two major capsid proteins revealed a single beta-barrel core fold not found
in any of the previously described bacterial viruses with dsSDNA genomes (Module 9, Annex,
Figure 10). With other members of the Sphaerolipoviridae gammasphaerolipoviruses share several
features, including novel capsid geometry (T=28, dextro), capsomer structure and conserved block
of viral core genes. Phylogenetic analysis of the three core proteins recapitulates the division of the
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| Sphaerolipoviridae into three genera (Module 9, Annex, Figure 1) \

Origin of the new genus name:

Gammasphaerolipovirus; from gamma, third letter of the Greek alphabet, indicating the third
genus of this family; from the Latin sphaero, for “sphere”, and the Greek lipos, for “fat”.

Reasons to justify the choice of type species:

P23-77 is designated as the type species of the suggested genus on the basis of comprehensive
analysis of its genome, capsid architecture and high resolution structure of capsid proteins.

Species demarcation criteria in the new genus:
If there will be more than one species in the new genus, list the criteria being used for species demarcation
and explain how the proposed members meet these criteria.

Species demarcation is based on genome size, gene content and sequence similarity. Genome sizes
are 17,036 bp with 37 assigned ORFs for P23-77 and 19,604 bp with 43 assigned ORFs for IN93
with less than 60% similarity on nucleotide sequence level. The main difference is the presence of
an integration cassette in the genome of IN93 required for the lysogenic cycle (Module 9, Annex,
Figure 9).
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MODULE 5: NEW FAMILY

Code |2013.000mB (assigned by ICTV officers)

To create a new family containing the subfamilies and/or genera listed below within the
Order: unassigned

If there is no Order, write “unassigned” here.
If the Order has yet to be created (in Module 6) please write “(new)” after the proposed name.

Code |2013.001nB (assigned by ICTV officers)

To name the new family: Sphaerolipoviridae

Code (assigned by ICTV officers)

To assign the following subfamilies (if any) to the new family:
You may list several subfamilies here. For each subfamily, please state whether it is new or existing.
e If the subfamily is new, it must be created in Module 4
e |f the subfamily already exists, please complete Module 7 to ‘REMOVE' it from its existing family

Code ‘ 2013.0010B ‘ (assigned by ICTV officers)

To assign the following genera to the new family:
You may list several genera here. For each genus, please state whether it is new or existing.
e If the genus is new, it must be created in Module 3
e |f the genus already exists, please state whether it is currently unassigned or is to be removed
from another family. If the latter, complete Module 7 to ‘REMOVE’ it from that family

Alphasphaerolipovirus
Betasphaerolipovirus
Gammasphaerolipovirus

The new family will also contain any other new species created and assigned to it (Module 3) and any
that are being moved from elsewhere (Module 7b). Please enter here the TOTAL number of
unassigned species that the family will contain (those NOT within any of the genera or
subfamilies listed above):

Reasons to justify the creation of the new family:
Additional material in support of this proposal may be presented in the Appendix, Module 9

These viruses share similar particle morphology (icosahedral with an internal membrane
layer) but differ significantly from other known viruses. Members fall into three, distantly
related genera. The genome type can vary between genera, e.g. linear dsDNA (with terminal
proteins) or circular dsDNA.

Origin of the new family name:

Sphaerolipoviridae, sphaero (Latin sphaero-, from Greek sphairo- for sphere); /ipo (the Greek
lipos, for “fat”); viridae, family level suffix.
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MODULE 9: APPENDIX: supporting material
additional material in support of this proposal
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Annex:

Include as much information as necessary to support the proposal, including diagrams comparing the
old and new taxonomic orders. The use of Figures and Tables is strongly recommended but direct
pasting of content from publications will require permission from the copyright holder together with
appropriate acknowledgement as this proposal will be placed on a public web site. For phylogenetic
analysis, try to provide a tree where branch length is related to genetic distance.

FAMILY: Sphaerolipoviridae

These viruses all share a similar particle structure, including an icosahedral protein capsid with an internal
membrane. Virus particles show diameters ranging from 50 to 80 nm. The capsid geometry of one
member (SH1) has been determined and found to be novel (T=28 dextro). They infect members of the
Halobacteriaceae, and have genomes of dsDNA that are either linear or circular and range in size from
around 16 to 31 kbp. Their major capsid proteins are not similar to other currently described viruses.

VIRUS | Genus® | Capsid (diameter) Genome type Genome | Reference

size (bp)

SH1 Alpha- | Protein capsid of T=28 Linear dsDNA with | 30,898 Jaalinoja et al.
dextro geometry, with inverted terminal (2008)
internal membrane layer, repeats (309 bp) and
and large, horn-like spikes | terminal proteins.
at vertices. Fragile outer
layer. (D = 78 nm)

PH1 Alpha- Round, with fragile outer Linear dsDNA with 28,072 Porter et al.
layer. Probable internal inverted terminal (2013)
membrane. (D~ 51 nm) repeats (337 bp) and

terminal proteins.

HHIV-2 | Alpha- Round, with probable Linear dsDNA with 30,578 Jaakkola et al.
internal membrane (D = 80 | inverted terminal (2012)
nm) repeats (309 bp) and

terminal proteins.

SNJ1 Beta- Round, with an internal circular dsDNA 16,341 Zhang et al.
membrane and a fragile (2012)
outer layer. (D ~ 72 nmP)

pP23-77 Gamma- | Protein capsid of T=28 Circular dsDNA 17,036 Jalasvuori et
dextro geometry, with al. (2009)
internal membrane layer,
and stick-like spikes at
vertices. (D = 78 nm)

IN93 Gamma- | Round, with probable Circular dsSDNA 19,604 Matsushita and
internal membrane Yanase (2009)

@Alpha- = Alphasphaerolipovirus; Beta- = Betasphaerolipovirus; Gamma- = Gammashaeorolipovirus.

PEstimated from figure S3 of reference 8., Zhang et al. (2012), since no size values were stated in text of this paper.

Phylogenetic reconstruction based on the core gene products (small and large major capsid proteins

[MCPs] and the packaging ATPase) of members of Sphaerolipoviridae and related proviruses found in the

genomes of halophilic archaea and thermophilic bacteria (Jalasvuori et al., 2009, 2010, Porter et al., 2013)

produced congruent trees, with the members of the proposed “Alpha-", “Beta-" and

“Gammasphaerolipovirus” genera falling into three distinct, well-supported clades (Pawlowski et al.,

2014). Based on the analysis of all three core proteins, haloarchaeal proviruses IHP, HaloMukP1 and
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HaloMukP2 are related to betasphaerolipovirus SNJ1, whereas HalaPauP1 and HaloLacP1 are clearly

related to alphasphaerolipoviruses. The proviruses identified in the Thermaceae genomes form a

monophyletic clade with bacteriophages P23-77 and IN93.
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Figure 1: Molecular phylogenetic analysis of (A) large and (B) small major capsid protein and (C) ATPase

sequences. The evolutionary history was inferred by using the Maximum Likelihood method based on the JTT amino
acid substitution model. The tree is drawn to scale, with branch lengths measured in the number of substitutions per

site. The percentage of trees in which the associated taxa clustered together is shown next to the branches. All
positions containing gaps and missing data were eliminated.
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GENUS: Alphasphaerolipovirus

Alignments of the nucleotide sequences of the type species genome with the other two proposed species of
this genus show high levels of identity (figures are given as % identity).

PH1 genome | SH1 genome | HHIV-2 genome
(KC252997) | (NC007217) | (JN968479)

PHL : 7 54
SH1 - 59
HHIV-2 -

There is a high level of gene synteny between the three viruses. The figure below shows an alignment of
HHIV-2, SH1 and PH1, where homologous genes are colour coded and many are named (e.g. VP1, VP2,
etc.). It clearly shows the gene arrangement has been strongly conserved between the three viruses. (Figure
from Porter et al. 2013).
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Figure 2. Genome alignment of the three members of the genus Alphasphaerolipovirus.

Alignment of the major capsid protein (VP7) sequences of alphasphaerolipoviruses SH1, PH1 and
HHIV-2 show high levels of amino acid identity (figures given as % identity).

1 10 20
1.PHLS M GNTIGNTLSAEE KO OTLISVTYDGOPTFVDESGOQDTYTPA
2.5H16 MGNTIGNTLSAEZ RO OTISVYDGOPTFVDEG®OTDTYTPA
3. HHIV-2 VP7 orfl15 MIPEE I G NG A EK OI sHEEEG: 0o rp FEIDIENO DV G A
30 40 50
1PH1S DDPNTPALTIEGTPDGT YVIAVDAGTTPTIATPE
2.5H16 DDPNTPALTIEGPDG YVIAVDAGTTPIATPE
3. HHIV-2 VP7 orf15 A DPNTEPANET EG PISSEM Y VI Ao 2AG T PHlR P E
60 70 80
LPH1S FRDSNGNEKTLDTPS ST TRVIVOQEKCDROGNTPTLGD
2.5H16 FRDSNGNEKTLDTPSTRVYVIVOQOEKCDROGENTPLGD
3. HHIV-2 VP7 orfl5 FRDMANCGHENK L DPs TRVINENEO X cDEQGUNPLGD
20 100 110
L. PH1 S GIVFNDTLGRTPFDTYEG QMERTDEPDTFMRETATEKS
2.5H16 G IVFNDTLGRTPFDTYEOQMRTDPDTFMREKTATEKS
3. HHIV-2 VP7 orf15 G IV FBIDTLGRT VTHEEYISIEY REBID P DM R K THEEE S
120 130 140
LPHLS LMIDERETIVEKYVFVDIPAGANSGTYDADE KSR RL
2.5H16 LMIDERETIVEVT FVDIPAGAENTS GTYDADE ST RL
3. HHIV-2 VP7 orfl5 LM IDERETIVEIENFr vVEEBElrPINLYGcMDADNIS RN
150 160 170
LPHS TLGDDTSDTFGERAYVETLIVDHTDETLS SHIAETRATYV
2.5H16 TLGDDTSDFOGERKAYVETILIVDHTDETLG SHEIAETRATV
3. HHIV-2 VP7 orfl5 THEG D DTS DHEG KAV GI VEEEGEEL siEF2A ENISIEE2 V
180 185
LPH1 S K AASOQRMBEAGGR
2.5H16 KAASOQRGS5GG R
3.HHIV-2vP7orfls [EERQN 2 S OPQENN S G G (A

Figure 3. Alignment of major capsid protein sequences of alphasphaerolipoviruses PH1, SH1 and HHIV-
2. Positions with varying amino acids are coloured.
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Similarly high levels of protein sequence identity are shown by other capsid proteins of
alphasphaerolipoviruses SH1, PH1 and HHIV-2, for example, capsid protein VP4.

PH1 VP4 5H1 VP4  HHIV-2 VP4

PH1 VP4 94.0% 81.5%
SH1 VP4 94.0% 82.3%
HHIV-2 VP4 81.5% 82.3%

10 20 30 40 50 ]

1
. PH1 VP4 MADOHOENTHMSEHTGG TEGSSEMTTAGN O/TAP ORETAMISEE CPREES ENEENG 0N DS THER

-

2. 5H1 VP4 HADQTOEETHSHTGGTEGSSEMITTAAN QTS PONETANIGEE CPHEEA ENEENG 0N DS THEN

3.HHV-2vP4 HASQTOEETENETGGEMEGDSEMTTASN QTS PORETANMESEE CPHEEE ENNENG OF DA THEN
70 B0 a0 100 110 120

1. PH1 VP4 PRTTESETETAG D DTNSETA NEOPHAGETANE DO DEPNANANNET 0GH oM DEE DH DEAA D

2. SH1 VP4 PETTESETGTAGDDTHMSETANEOPHMAGETANE DO DEPMAMANNMT OGMOMDEDAMDEAAD

. HHIV-2 VP4 PETTESETGSANDDTEMDETANEQPMAGEENEAEQDEPMAMANYMT OGMEMDEM DA DEAAD

w

130 140 150 160 170 180

. PH1 VP4 EMITHEASNPA DG D ENENNSENG DG DN o EREN 0EG 0 E EGENEPHA T PENENE D EP cNERGHEE
SH1 VP4 EMITE DNPA DG DITHENN PENMG DG DN OERENN 0EG 0 E ECHEMEPH~A TPENENE D EP OEERCHE
CHHIV-2 vp4  [THITEGTNPEA DG D ENENNPIENS DG DM OERENY OEG O EEGEEPNS TP ENREE DEF O NERGHE £

190 200 210 220 230 232
. PH1 VP4 ENEEGSMTHEEN ETHEMEEDAPQENTHE DA DEPEG OBMS THE 0 DM ENTH
. SH1 VP4 EVEEGSHMTHEEN ETH EMEEDAP OANTHE DS DEPEG OIS TEE 0 DEERTH
.HHNV-2vp4  ENEEGSASHS ENETHEEEEEDAPOANTHE DS DEPHG OENMTTEE 0 DMEETH

[T

WoRd e

Figure 4. Amino acid sequence alignment of the VP4 proteins of alphasphaerolipoviruses SH1, PH1 and
HHIV-2. Colour coding shows similar amino acids.

Virus morphology and structure

These viruses have similar morphology, being round, 50-80 nm in diameter, and having a layered capsid
structure with an internal membrane (SH1: J4élinoja HT ef al. (2008), HHIV-2: Jaakkola et al. (2012),
PH1: Porter et al. (2013)). The best described virus is SH1, where cryoelectronmicroscopy has provided a
clear view of the particle structure and the nature of the capsid layers, including the lipid layer (see
Jaélinoja HT et al. (2008)). The capsid membrane lipids of SH1 have been shown to be (selectively)
acquired from the host cell (Jaélinoja HT et al. (2008), Kivela HM et al. (2006)). The protein capsid
of SH1 is arranged in a T=28 dextro lattice. The major capsid proteins are VP4 and VVP7, while protein
proteins VP3 and VP6 form spikes at the 5-fold vertices (Jaalinoja HT et al. (2008) and references within).

100 nm

Figure 5. Negative stain EM (uranyl acetate) of SH1 virus (left) and PH1 (right). Particles are round, with
a fragile outer-layer. (host cell flagella are also visible in SH1 preparation)
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GENUS: Betasphaerolipoviruses

Apart from the virion structure described in Zhang et al. (2012), which clearly shows similarity to
alphasphaerolipoviruses (SH1, PH1 and HHIV-1), additional support for the proposal of SNJ1 as a genus
within the Sphaerolipoviridae is provided by the data described below.

1. Two genes of SNJ1 specify proteins that show similarity to corresponding proteins of
alphasphaerolipoviruses. These are SNJ1 genes specifying ORF17 protein (YP_001687802) and the
packaging ATPase (YP_001687808).

a. SNJ1 ORF17 Protein YP_001687802: A BLASTP search of Genbank using the SNJ1 ORF17 protein
sequence (YP_001687802) and with the filter for viruses only (taxid:10239) gives only two significant
matches: SH1 orf 11 (YP_271868.1) and HHIV-2 protein 4 (YP_005352790.1). The expect values were
10 and 107, respectively. This shows a specific relationship to alphasphaerolipoviruses.

From the alignment data below, it can be seen that the level of similarity of the ORF17 SNJ1 protein
sequence with alphasphaerolipovirus homologs is around 22 - 30%, while within the genus
Alphasphaerolipovirus the level of similarity is much higher, around 60% or higher.

Alignment of SNJ1 ORF17 protein (YP_001687802) with alphasphaerolipovirus homologs. Pairwise
similarity values are given in the table below, while the alignment (blacked-out letters are similar amino
acids — except for N- and C- terminal extensions) is given beneath.

FH1 ORFD9 5HI1 ORF11 HHIV-2 pr... 5N]J1 prote...

PH1 ORFO9 B6.5% 59.8% 31.0%
SH1 ORF11 B6.5% 58.0% 29.1%
HHIV-2 protein 4 59.8% 58.0% 30.6%
SNI1 protein 4 31.0% 29.1% 30.6%
! LO ?0 70 40 50 60
1. PH1 ORF09 MESFFAT T ;R DB~ Ve LA~ TRIORLE DK LRAAGHGAA LEYR TCHTPEGC G DDA
2.SH1 ORF11 MEFIFA T T Gk PR~ VG LAA THIORLEDK LRAAGQGAAMEYR/TCRIT EB DG LDA
3. HHIV-2 protein 4 MEFHYAT I DRI DPER £ 2 V@A L\ E LfIARVEGS PVATG P - — — — - Y2 A CEk PBGG DDA
4. SNJ1 protein 4 MGADNPP PLPDHLLAIG FATA@A - - - - - — - __ Ta@ipPEAVGYY
80 90 100 110 120
1. PH1 ORF09 DAGACW LETmVP— - —RDTG. @ PRK- - OA EDE!A EYREW#R S LLAD
2.SH1 ORF11 DA DRI A NN C v LE TS| VERERWP - - - REWESE 0T DM PKK - - S A EIERE DA Ef¥Y OR¥#AR S LAGGD
3. HHIV-2 protein 4 DA DEEIANKNEI L s LE TENVEFENIP - - - REENAE DA NHYRD D- SAVEIPIEEIDRAA SIS TEAS R FY TA
4. SNJ1 protein 4 FoCER PR E TEAM<EEEN T P D L EDNERSR S TROECR PP TGRSR T LESNISERAR YI TGO
129
1. PH1 ORF09
2.SH1 ORF11

3. HHIV-2 protein 4

4. SNJ1 protein 4
Figure 6. Alignment of SNJ1 ORF17 protein (YP_001687802) with alphasphaerolipovirus homologs.

b. Packaging ATPase protein (YP_001687808)

A BLASTP search at GenBank using the SNJ1 ATPase protein sequence (with the organism filter for virus
viruses, taxid:10239) only gave two significant matches (April 3, 2013) i.e., to the packaging ATPase
proteins of SH1 (orfl7, YP_271874.1) and HHIV-2 (YP_005352793; HaHilcVV2_gp07). The expect values
were 108 & 107, respectively. This again demonstrates a specific relationship of this SNJ1 protein to
alphasphaerolipoviruses.

The table below shows the pairwise similarity values for the four ATPase proteins. The CLUSTALW

alignment is also given below, with similar amino acids indicated by black shading (except for the c-
terminal extension of the SNJ1 protein)
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HHIV-2 Atpase
SNJ1 Atpase
SH1 Atpase
PH1 Atpase

. HHIV-2 Atpase
. SNJ1 Atpase
. 5H1 Atpase
. PH1 Atpase

T

. HHIV-2 Atpase
. SNJ1 Atpase
. SH1 Atpase
. PH1 Atpase

oLl P

. HHIV-2 Atpase
. SNJ1 Atpase
. SH1 Atpase
. PH1 Atpase

oLl P

. HHIV-2 Atpase
. SNJ1 Atpase
. SH1 Atpase
. PH1 Atpase

oLl P

. HHIV-2 Atpase
. SNJ1 Atpase
. SH1 Atpase
. PH1 Atpase

T

Figure 6. Alignment of SNJ1 putative packaging ATPase (YP_001687802) with alphasphaerolipovirus

homologs.

HHIWV-2 At... SNJ1 Atpase SHI1 Atpase PHIL Atpase
21.2% 78.4% B1.7%
21.2% 22.0% 22.0%
78.4% 22.0% 91.7%
Bl.7% 22.0% 91.7%
10 <0 3 40 EO GO
T-S.YTGYL-QTFD-VHFI-EI- ------ SDADHPLYK
G NA QLWL N EN Y DERAV LR Y VRE#VEG TEPSRPETHLCSW
[ASK Y TG Y LA N F TRV HFRI PR E K [Els - - - - - - DSEHWPLYQ
TVLG -S.YTGYL-Q FDVHFI-EIS ------ DSSHEPLYQ

70 <U
TRVDQETA}\_NVAIANHELRE GTTE.QYAQES LE\\ H\ED-
FHAG PDEVEXK PEENAVEITHI E0AER 3R v R D G DEVEDNI C C A AM R O PR H - BXEE
T vLDK A TAG ONEVEAAR v N HREALREAEED - GHT TE.QY}AQD.VH\ i~ TEDN
THLDKKTAMVIAIYNHRILRD GTTE\.QY}AQD.VH\C?WED-
170 SCI
.F-CN.VRE SDIRHI TG-K HECHR POLLHETTVHS QARREMGY F
[SMT.AMD EA HRYVESZ Olfe]S Y F A AKX VERG EEls TRV E- - - - - - - - MOoDIENEN- I
B\ Fils COFFNEN RV K[v] - NENG DIER EAM T TGEIK HEMIE Cil HIWR POLLHT TVHS OABRES Y F
A FiE CEERNEN AV K5 - NENG DER M I TGERK HEE CHEMEINR POLLET TVHS OARREM Y F

190 200 210 220 230 240
GHs DEN DEK I DK VAN F PRAS DS LAEA- - RV CHVERFADS G E YEFFs THIEI GR OR P HFEGH
GEw THTIMEc FR TEMA LORLSHE Y PARI HN TNEK PEWCPS LPSE#OVEIEE DL P LR KN DB
Affis DN DIMEK I DR OFG F SIS K AN L PR - - R T/ICHV ERFAD TG E Y Efiffi D TRIEI GR OR P HFEGHE
AHS DEIN DIEK I DR OF\G F PAS RIWA DL PR - - RV/CHV ERFAD TG E H EFS# D TRIEI GR OR P HFEGHE
250 260 270 280 285
DEIFDDX L PQ
PG TNV YA LEGGEI ERVN TANVTMHS HHYGNQGESLESPYS
DELFEDDK L. PH
DELFEDDX L. PH

2. Major Capsid Proteins
Purified virions of SNJ1 display two major capsid proteins, PB2 and PB6 (Zhang et al., 2012). These
proteins are of similar size to the two major capsid proteins (VP4 and VVP7) of alphasphaerolipoviruses.

The major capsid protein PB6 (gene 26, YP_001687811) of SNJ1 can be aligned to corresponding VP7
(major capsid) proteins of alphasphaerolipoviruses (see part a, below), and while the overall similarity is
low (see table below), the alignment below shows numerous conserved residues throughout the entire
alignment, indicating a specific relationship between them.

The second most prominent capsid protein of SNJ1 is of similar length to VP4 of alphasphaerolipoviruses.
The alignment presented in part b, below, shows there is much weaker similarity than is shown between
the major capsid proteins in part a, but distinctive, conserved motifs throughout the alignment suggest
these proteins are also (distantly) related.

Table: Similarity values (%) between the aligned major capsid (VP7-like) proteins of alpha- and beta-

sphaerolipoviruses are shown in the table below.

PH1 5
SH16

HHIV-2 VP7 orf15

PB6 SNJ1

PHI 5 SH16 HHIV-2 V... PB6 SNJ1

98.4% 71.9% 17.6%
98.4% 72.4% 17.6%
71.9% 72.4% 14.8%
17.6% 17.6% 14.8%

Page 16 of 20



'EI <EI "CI -rEI cEI BEI

1.PHL S .G N.G._.SAEKE.SVYEGQPFVDEQDIUADE]PNTPATIEGEEGYVIAVDAIT-AP.F
2.5H1 6 BG-NHGRILSAEKEMSVYDGOPFVDEQDEPADNPN TPAMTI EGEDGYVIAVDAMTENA PRFERH
3. HHIV-2 VP7 orfl5 Mr-ElGEY GAEKNHS LEKGOQPFIDTODEIGAARNPN TPARTI EGES DYV IA I DAMTENA PEFERE
4. PBB SNJ1 HGRNEVENS DI VEOEN TPGDLTPIMTHV PEEG TMI OHONRVEQG - - - - SAVELEN Y 2B rEBE
El SEI ﬂtl 90 110 <Cl
1. PHL 5 KDPSIR.I.QKCDEQLGDG.VFN ETIGRDYEQIRTDPDFHRK TAI\S.HIDEEIEI
2.5H1 6 EERIKED PSRREIIEOK C DEIOEREELG DGV FN -B THGREDYEQRIR TDPDFMRK TAK SEEMHADERE T
3. HHIV-2 VP7 orfl5 [N G DiA L] PSIRTIQKCDIQLG DGHVFS-DTHGREEYSKWRSDPDYMRETT TSHEMEADERET
4. PBB SNJ1 EEn PPV DS MVETAK - PERER R TPES LEVIENHEAS TALNETHS EQQS TDHV DATEMEMR GE- -
'El -'El cEl BEI 170 Sﬂ S“
1. PHL 5 VKVFVDIP’-‘«CAIGJE]AE]KSRTIGDDTIDFGKAVEI-HEELS::AETVKAASEHSR
2.5H1 6 VEVFVDIPAGARIG YBANKSRETHGDDTEIDFGEKAVEIFNHDELS DAETERWVEKAASMEAGHE
3. HHIV-2 VP7 orfl5 VKIFVEVP:'JAGlIE]AE]JSR.TIGDDTIDYGKAVCIHCDLS:'AESVROASMN1‘~
4. PBB SNJ1 VEVERNIRELARENN S SREA--- - - - - - i/ SN SELYFEREGVAEKFNE
B.
1 10 20 30 -10 ;0 60 70
1. PH1 VP4 MapoxFEY TERAETGG TLGSHXVTTAGHOTAPQRETAI IS FECPREAF S ET EYHGHR DS TRIFHPR T TR THG
2.SH1 VP4 Fapo Y THEHTGG TLGSAXVTTAANOTS PORETAIIGFECPRAFAEI EYFGER DS TRIFMPR T TR IHG
3. HHIV-2 VP4 FasoTEEY THNHETGGVLGDEYVTTASHOTS PORETAVLS FECPRAFEEI N YHGER DA TRIFFPR T TR IHG
4.PB2 SNJ1 BT -2AvMEET-PHOLRRMPATASRLERDBFEQHNGEHAGTRS LIGS YRAPNPLVMRENR P IRVEYV TA FBEIFET
50 90 100 110 120 130 140
1. PH1 VP4 -TAGEDTVVSHEARKO - -EvRGE T AH=D0DYPVAVA YNV TOEV OVDI EDVEFENNE EV TLA S NBRDGHE - EV
2.SH1 VP4 -TAGEDTVVSIHARO - -BVRAGETAREDODYPVAVAYNV TO[EVOVDI DAVEFEVEEV TLA DN PRADGHE- TV
3. HHIV-2 VP4 -savEpTvv DIARI O - -BVRAGEEVHAEQDYPVAVAYNV TO[EVEVDVV DARFEYE TV TLG TN PEADGHE - EV
4.PB2 SNJ1 DGNGHESs 0 TFNEHEERY E SEOHORLMBFAD - - - - - - - — - — - = BrrAKPDs VDIFYERS FDYTDGGEAERLAA
150 160 170 150 190 200 210
1. PH1 VP4 KVWSIMG-BeEMNFRLVE-EFG0- - - -EBGREYPWATPLYRWHDFPOLKRGREANLHGS VT EEN E THER
2.SH1 VP4 KVWPIMG -DCEBNRFRALVE-EFGQ- - - -EBGREYPWATPLYRWHDFPQLKRGRENMNLHGS VTHIEEN E THEN
3. HHIV-2 VP4 KVWPIMS -BCBRNFRLIN-BFGcQ- - - -EEGREYPWS TPLYRWHDFPQLKRGREFANLHGS AS[HSENETHEH
4.PB2 SNJ1 FYISGADCHFENEKE:A PATRGS VS ERI FEAESMS LLHQRDOQDEQARTFDLNAS PBOPIVPRERER- - - -HNE
220 230 240 250 260
1. PH1 VP4 LLDA PO EfEAR- - - - - - - - -- - - - Fir E[Ms) - Y@fis TrEEDEEI TL
2.SH1 VP4 LLDAPOAENSH- - - - - - - - —- - - - Fir E[N) - Yfis Tr ERDEEI TL
3. HHIV-2 VP4 LLDA POAGEMSH- - - - - - - ——— - — - FPrEN-YETTLERDEEI TL
4.PB2 SNJ1 YARKGS Y PHEGEM KB TG TTARNAVLS L PHK oEN s@D ¢ LsRAAEA H D THBEE

Figure 7. Multiple alignments of the major capsid protein sequences of SNJ1 with the
alphasphaerolipovirus homologs. A. Major capsid protein VP7 of alphasphaerolipoviruses aligned with
PB6 of SNJ1. Similar amino acids are blocked in black. The SNJ1 protein is slightly smaller (158 aa) than
the alphasphaerolipovirus major capsid proteins (185 aa). B. Alignment of capsid protein PB2 of SNJ1
with VVP4 capsid proteins of alphasphaerolipoviruses PH1, SH1 and HHIV-2. Similar amino acids are
blocked in black (except for the c-terminal extension).

GENUS: Gammasphaerolipovirus

Virion morphology

P23-77 virus particles are spherical, tailless and have an average diameter of 78 nm. Approximately 15 nm
long stick-like spikes emerge from the five-fold vertices (Jaatinen et al., 2008, Figure 8). An inner lipid
membrane is located between the 6 nm thick capsid and the circular dSDNA genome. Capsid and
membrane are connected by proteins at the five-fold vertices. The lipids are selectively acquired from the
host cell during virus assembly (Jalasvuori et al., 2009). The P23-77 capsid consists of 270 hexameric and
12 pentameric capsomers, arranged in a T=28, dextro lattice. The only other characterized virus with such
unusual capsid architecture is haloarchaeal virus SH1 (Jalinoja et al., 2008), type species of the newly

proposed genus “Alphasphaerolipovirus” within the family “Sphaerolipoviridae”.
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Figure 8: (A) Electron micrograph of the P23-77 virion. Particles are spherical, tailless and mostly filled
with DNA (white arrow). Very rarely, empty particles are observed (inset). Thin spikes extend from the
surface of some virions (black arrow). Scale bar, 100 nm. (B) Three dimensional image reconstruction of
the P23-77 virion. Symmetry axes are designated with a black ellipse (2-fold), triangle (3-fold) and
pentagon (5 fold). Capsid shell (C), membrane (M) and DNA (D) are indicated. Scale bar, 20 nm. Figure
reproduced from (Jaatinen et al., 2008) with permission from Elsevier.

Genome analysis

The circular dsDNA genomes of P23-77 (Jalasvuori et al., 2009) and IN93 (Matsushita and Yanase, 2009)
differ in size and gene content (Figure 9). The genome of IN93 is 2568 nt larger than the genome of P23-
77 and contains six additional ORFs. The main difference is the presence of an integration cassette
encoding a LexA-like repressor, an endonuclease and an integrase required for the lysogenic cycle (ORFs
36-39) in the genome of IN93. The genes of the integration cassette are the only ones located on the
opposite strand with respect to the rest of the genes. P23-77 lacks the integration cassette, which is
reflected by its smaller genome size and the strictly Iytic life style. The nucleotide similarity across the
aligned genomes is 56%. There is a high level of gene synteny between the two genomes. 32 of the 37
predicted ORFs in the P23-77 genome have homologs in IN93, yet 78% of the gene products lack
similarity to any other protein sequences in public databases. The viral core proteins — the putative genome
packaging ATPase (ORF13) and the small (ORF16) and large (ORF17) major capsid proteins (MCPs) —
are among the most conserved proteins in P23-77 and IN93 with sequence identities of 79%, 74% and
79%, respectively. The three core genes are also conserved in the archaeal members of the

“Sphaerolipoviridae”.
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Figure 9: Genomes of proposed gammasphaerolipoviruses P23-77 (GQ403789) and IN93 (AB063393).
Genomes are linearized for clearer presentation. ORFs are represented by arrows. ORF numbers are
according to gene bank entry. We have assigned four new ORFs (ORF40-43) to the genome of IN93.
Genes are shown in color when their gene products had been identified as structural component of the
virus (VP= virion protein) or a function is assigned according to experimental data or hits in BLAST
search, respectively. Genes of unknown function are marked grey (shared by all members) or white (found
in only one member). Genes encoding viral core proteins ATPase and major capsid proteins (MCP) are
marked in italics and bold framed arrows.

Structure of major capsid proteins and capsid organization

Recently, the small (VP16) and the large (VP17) MCPs of P23-77 were crystallized and their structures
determined (Rissanen et al., 2013). The core fold of both proteins is a nearly identical eight-stranded beta-
barrel, which is not found in other dsSDNA viruses of Bacteria (Figure 3, A-C). The capsid surface of P23-
77 is covered with small turret-like protrusions (Jaatinen et al., 2008). The high resolution structures of the
P23-77 capsid proteins, fitted into the electron cryo-microscopy reconstruction (cryo-EM) of the P23-77
virion (Jaatinen et al., 2008), showed that turrets are formed by the upper domain of VP17, while VP16
and the lower domain of VP17 form the base of the capsomers (Rissanen et al., 2013, Figure 10D).
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Figure 10: Structures of (A) P23-77 major capsid protein (MCP) VP17 (green, PDB ID code 3ZMN) and
(B) P23-77 MCP VP16 (orange, PDB ID code 3ZMO) show the eight stranded single beta-barrel core fold.
In addition, VP17 has an upper domain. (C) VP16 superimposed on the lower domain of VVP17. (D) P23-77
capsid protein structures fitted into the P23-77 virion cryo-EM reconstruction (EMDB ID code:
emdb_1525). The upper domains of VP17 form turrets protruding from the capsomer base (inset).

P23-77 has two distinct types of pseudohexameric capsomers (Figure 11). Both have two turrets built by
the upper domain of VP17 and arranged either on the same side or on the opposite corners of the capsomer.
Two types of turreted capsomers are also found in alphaspaerolipovirus SH1, but they have either two or
three turret protrusions (Jaalinoja et al., 2008). The two coat proteins of SH1 are likely to participate in
building the capsomers in the same way as in P23-77: small and large MCPs form the hexagonal base of
the capsomer with turrets produced by an upper domain of the large MCP. Indeed, the X-ray structures of
the P23-77 MCPs are superimposable within the cryo-EM density maps of the SH1 capsomers, producing
a reasonable fit (Rissanen et al., 2013). Collectively, the same capsid geometry (T=28), structural
similarity between the corresponding MCPs as well as similar capsid stabilization principles utilized by

P23-77-like and SH1-like viruses suggest that the two viral groups have evolved from a common ancestor.

N

A P23-77
A

Figure 11: Comparison of the two capsomer types of P23-77 (A) and SH1 (B).
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