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MODULE 2: 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 |2016.077aB (assigned by ICTV officers)

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

Genus: | R4virus (new) e If the higher taxon has yet to be
o — created (in a later module, below) write
Subfam!ly: A_rquat_rqwrmae (new) “(new)” after its proposed name.
Family: SIphOVITIdae « If no genus is specified, enter
Order: | Caudovirales “unassigned” in the genus box.
Name of new species: Representative isolate: (only 1 | GenBank sequence
per species please) accession number(s)
Streptomyces virus R4 Streptomyces phage R4 JX262370
Streptomyces virus ELB20 Streptomyces phage phiELB20 | JX262376

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
We have chosen 95% DNA sequence identity as the criterion for demarcation of species in this
new genus. The members of each of the proposed species differ from those of other species by

more than 5% at the DNA level as confirmed with the BLASTN algorithm.
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MODULE 3: NEW GENUS

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

Code 2016.077bB (assigned by ICTV officers)

To create a new genus within:

Fill in all that apply.

Subfamily: | Arquatrovirinae (new) o If the higher taxon has yet to be created
Familv: | Siphoviridae (in a later module, below) write “(new)”
y: p . after its proposed name.
Order: | Caudovirales « If no family is specified, enter

“unassigned” in the family box

Code 2016.077cB (assigned by ICTV officers)

To name the new genus: R4virus

Code 2016.077dB (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

Streptomyces virus R4

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

The type species of this genus, Streptomyces virus R4, has a capsid of 64 nm in diameter and a
laterally striated tail of 190 nm in length by 12.5 nm in diameter [6]. The genome is 51.1 kb in
length, terminated by 11 bp cohesive termini [7]. Streptomyces phage ELB20 [8] shared 92.5%
DNA similarity with Streptomyces phage R4 as calculated with Gegenees BLASTN [4].
Gegenees BLASTN/X [4] (Fig. 2,3), CoreGenes (Fig. 4) [2], and phylogenetic analyses (Fig. 1)
[3] all indicate that the proposed genus, R4virus, is cohesive and distinct from other genera. The
creation of this genus was proposed previously, but never formally submitted to ICTV [9].

Origin of the new genus name:

| Streptomyces phage R4 \

Reasons to justify the choice of type species:

| The first phage of its type to be sequenced |

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.

| We have chosen 95% DNA sequence identity as the criterion for demarcation of species in this |
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new genus. The members of each of the proposed species differ from those of other species by
more than 5% at the DNA level as confirmed with the BLASTN algorithm.

MODULE 2: 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 |2016.077eB (assigned by ICTV officers)

To create 9 new species within:
Fill in all that apply.

Genus: | Likavirus (new) e If the higher taxon has yet to be .
Subfam!ly: A_rquat_rqvirinae (new) f(rr? :\f\?)(,j, gfr: e? :f‘ste;rgnp%dsﬂg’nze;?y write
Family: | Siphoviridae « If no genus is specified, enter
Order: | Caudovirales “unassigned” in the genus box.
Name of new species: Representative isolate: (only 1 GenBank sequence
per species please) accession number(s)
Streptomyces virus Lika Streptomyces phage Lika KC700556
Streptomyces virus Sujidade Streptomyces phage Sujidade KC700557
Streptomyces virus Zemlya Streptomyces phage Zemlya KC700558
Streptomyces virus Danzina Streptomyces phage Danzina KC124228
Streptomyces virus Hydra Streptomyces phage Hydra KT124229
Streptomyces virus lzzy Streptomyces phage lzzy KT184390
Streptomyces virus Caliburn Streptomyces phage Caliburn KT152029
Streptomyces virus Aaronocolus Streptomyces phage Aaronocolus | KT124227
Streptomyces virus Lannister Streptomyces phage Lannister KT184391

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

We have chosen 95% DNA sequence identity as the criterion for demarcation of species in this
new genus. The members of each of the proposed species differ from those of other species by
more than 5% at the DNA level as confirmed with the BLASTN algorithm.
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MODULE 3: NEW GENUS

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

Code 2016.077fB (assigned by ICTV officers)

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

Subfamily: | Aquatrovirinae (new) o If the higher taxon has yet to be created

Family: Siphoviridae (in a later module, below) write “(new)”

: . after its proposed name.
Order: | Caudovirales « If no family is specified, enter

“unassigned” in the family box

Code 2016. 0779 B (assigned by ICTV officers)

To name the new genus: Likavirus

Code 2016.077hB (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

Streptomyces virus Lika 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:

9

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

The phages belonging to the proposed genus Likavirus were isolated as part of the Phage Hunters
Integrating Research and Education or Science Education Alliance-Phage Hunters Advancing
Genomics and Evolutionary Science programs on several Streptomyces sp. as the hosts [8]. These
phages were assigned to cluster BD, subcluster BDI.

Gegenees BLASTN/X [4] (Fig. 2,3), CoreGenes (Fig. 4) [2], and phylogenetic analyses (Fig. 1)
[3] all indicate that the proposed genus, Likavirus, is cohesive and distinct from other genera.
While the DNA-based analysis showed two subgroups within this genus (Fig. 2,3), these phages
shared more than 85% of their proteome, warranting their inclusion in the same genus. The phages
belonging to this genus have an average genome length of 50.5 kb and an average GC content of
66%. The creation of this genus was proposed previously, but never formally submitted to ICTV

[9].

Origin of the new genus name:

| Streptomyces phage Lika \

Reasons to justify the choice of type species:

| The first sequenced phage of its type |
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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.

We have chosen 95% DNA sequence identity as the criterion for demarcation of species in this
new genus. The members of each of the proposed species differ from those of other species by
more than 5% at the DNA level as confirmed with the BLASTN algorithm.

MODULE 2: 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 |2016.077iB (assigned by ICTV officers)

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

Genus: | Camvirus (new) ¢ If the higher taxon has yet to be
T P created (in a later module, below) write
Subfam!ly: A_rquat_rqwrlnae (new) “(new)” after its proposed name.
Family: SIphOVITIdae e If no genus is specified, enter
Order: | Caudovirales “unassigned” in the genus box.
Name of new species: Representative isolate: (only | GenBank sequence accession
1 per species please) number(s)

Streptomyces virus phiCAM | Streptomyces phage phiCAM | JX889246
Streptomyces virus Amela Streptomyces phage Amela KT186228

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
We have chosen 95% DNA sequence identity as the criterion for demarcation of species in this
new genus. The members of each of the proposed species differ from those of other species by

more than 5% at the DNA level as confirmed with the BLASTN algorithm.
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MODULE 3: NEW GENUS

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

Code 20 16077] B (assigned by ICTV officers)

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

Subfamily: | Arquatrovirinae (new) o If the higher taxon has yet to be created

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

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

Code 2016.077kB (assigned by ICTV officers)

To name the new genus: Camvirus

Code 2016.0771B (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

Streptomyces virus phiCAM 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

The phages belonging to the proposed genus Camvirus were isolated as part of the Phage Hunters
Integrating Research and Education or Science Education Alliance-Phage Hunters Advancing
Genomics and Evolutionary Science programs on several Streptomyces sp. as the hosts [10]. These
phages were assigned to cluster BD, subcluster BD3.

Gegenees BLASTN/X [4] (Fig. 2,3), CoreGenes (Fig. 4) [2], and phylogenetic analyses (Fig. 1)
[3] all indicate that the proposed genus, Camvirus, is cohesive and distinct from other genera. The
phages belonging to this genus have an average genome length of 50kb and an average GC content
of 65.6%. Based on DNA homology greater than 95%, Streptomyces phage Verse (KT186229) is
considered a strain of Streptomyces phage Amela.

Origin of the new genus name:

| Streptomyces phage phiCAM \

Reasons to justify the choice of type species:

| The first phage of its type to be sequenced |
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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.

We have chosen 95% DNA sequence identity as the criterion for demarcation of species in this
new genus. The members of each of the proposed species differ from those of other species by
more than 5% at the DNA level as confirmed with the BLASTN algorithm.

MODULE 2: 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 |2016.077mB (assigned by ICTV officers)

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

Genus: | unassigned " lrhe hég(her taxon has yetto be ) i
TN T Created (In a later moaule, below) write
Subfam!:y: A_rquat_rqvmnae (new) “(new)” after its proposed name.
Family: SIphOVII.’Idae « If no genus is specified, enter
Order: | Caudovirales “unassigned” in the genus box.
Name of new species: Representative isolate: (only | GenBank sequence accession
1 per species please) number(s)

Streptomyces virus phiHau3 | Streptomyces phage phiHau3 | JX182369

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
We have chosen 95% DNA sequence identity as the criterion for demarcation of species in this
new genus. The members of each of the proposed species differ from those of other species by

more than 5% at the DNA level as confirmed with the BLASTN algorithm.
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MODULE 4: NEW SUBFAMILY

A subfamily can only be created within a family.
Code 2016.077/nB (assigned by ICTV officers)

To create a new subfamily within:

If the family has yet to be created (in
Module 5) please write “(new)” after the
proposed name.

o If there is no Order, write “unassigned”

Family: | Siphoviridae
Order: | Caudovirales

here.
Code 2016.0770B (assigned by ICTV officers)
To name the new subfamily: Arquatrovirinae
Code 20 16.077pB (assigned by ICTV officers)

To assign the following genera to the new subfamily:
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 If 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

Likavirus (new)
R4virus (new)
Camvirus (new)

The new subfamily 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
unassigned species that the subfamily will contain (those NOT within any of the genera listed
above):

1

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

Genomic and proteomic analyses showed that the genera presented here are related, yet distinct
from other siphovirus genera. This has been recognized previously by the Actinobacteriophage
database (phagesdb.org) since these phages are all assigned to the same cluster. Previous
publications have also recognized the evolutionary relationship [8,9].

Origin of the new subfamily name:

Named after Streptomyces virus R4, the first sequenced isolate of this subfamily.
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MODULE 10: 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.
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Fig. 1. Phylogenetic analysis of terminases (A) and repressor proteins (B) of the phages which
make up the Arquatrovirinae and homologous proteins from Mycobacterium phages as outliers
constructed using “one click” at phylogeny.fr (3). “The “One Click mode” targets users that do
not wish to deal with program and parameter selection. By default, the pipeline is already set up to
run and connect programs recognized for their accuracy and speed (MUSCLE for multiple
alignment and PhyML for phylogeny) to reconstruct a robust phylogenetic tree from a set of
sequences.” It also includes the use of Gblocks to eliminate poorly aligned positions and divergent
regions. “The usual bootstrapping procedure is replaced by a new confidence index that is much
faster to compute. See: Anisimova M., Gascuel O. Approximate likelihood ratio test for branches:
A fast, accurate and powerful alternative (Syst Biol. 2006;55(4):539-52.) for details.” Likavirus
in red; R4virus in black and Camvirus in green.
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B. Repressor proteins
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Figure 1: Phylogenetic tree (the branch length is proportional to the mumber of substitutions per site).

Fig 2. Genomic comparison of Streptomyces bacteriophages. Similarity values were calculated
using Gegenees 2.2.1 based on pairwise comparisons of the analyzed sequences (BLASTN
method with “custom” settings of fragmenting algorithm — window size: 100 bp, shift 50 bp) [4].
The results were exported to Excel.
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Fig. 3. Genomic comparison of Streptomyces bacteriophages. Similarity values were calculated
using Gegenees 2.2.1 based on pairwise translated comparison of the analyzed sequences
(TBLASTX method, “custom” settings of fragmenting algorithm — window size: 100 bp, shift 50

bp) [4]. The results were exported to Excel.
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phiCAM (8892461 | 284 284 291 307 310 308 31.0 293 307 309 275| 471 481 4810000 709 707 526 513 514 515 513 527 532 533 534
Verse k1862291 287 286 295 309 311 309 312 206 310 310 275 477 485 436 7181000 968 530 524 524 519 518 538 546 548 547
Amelia k1862281 288 287 295 310 312 310 313 296 311 310 276| 477 484 486 716, 96814000 527 521 522 518 516 539 545 546 547
Lamnister  ki1843911 = 291 288 297 310 314 312 313 296 311 312 278| 485 505 505 528 527 52504000 728 724 719 717 685 688 690 887
Suidade  kc7005571 291 288 206 310 315 313 314 297 310 310 278| 475 500 501 510 515 512 7191000 928 837 837 659 656 659 855
Lika kc700556.1 291 288 295 310 315 311 314 2095 310 312 279| 476 503 503 513 517 514 716 932 1000 843 840 659 658 658 656
Zemlya kc700558.1 291 288 295 310 315 312 313 206 312 312 280| 477 501 501 512 512 510 712 842 8451000 954 668 662 656 655
Darzina  kt1242281 289 288 295 309 315 312 314 296 310 313 280| 477 500 501 513 511 509 712 845 844 957 1000 671 666 659 656
lzzy k1843901 289 289 296 309 313 311 313 298 311 312 279| 486 511 511 531 535 535 686 670 668 673 6751000 876 861 846
Aaronocolus k1242271 292 290 297 311 317 314 318 299 314 314 281| 489 512 512 538 545 545 693 672 670 675 677 885 1000 94 944
Hydra k1520291 293 288 299 313 318 315 317 301 315 315 281| 488 511 512 538 543 544 694 672 669 666 666 866 959 1000 964
Calbum  Ki124229.1 203 290 298 312 319 316 318 302 315 316 280| 485 511 511 535 541 541 686 663 662 659 658 842 930 054 100.0
Fig. 4. CoreGenes 3.5 analysis of selected members of the subfamily Arquatrovirinae. The three genera
and singleton species are boxed in black.
Phage Accession R4 phiELB20 lzzy Hydra Caliburn Aaronocu Lika Sujidade Zemlya Danzina Lannister phiHau3 phiCAM Amela  Verse
Streptomyces virus R4 1X182370 100 93| 7867 7763 8056 8219 80 7792 7897 7895 79.45 7361 7639 76 76
Streptomyces virus phiELB20  1X262376 90.7 100] 78.67 77.63  80.56  82.19 80 77.92 7895 7895  80.82 7222 7639 76 76
Streptomyces virus lzzy KT184390 68.6 72.84 100 92.11 97.22 98.63 92 89.61 90.79 90.79 90.41] 73.61 83.33 84 84
Streptomyces virus Hydra KT124229 68.6  72.84] 93.33 100 9861 9726 93.33 89.61 9211 90.79 90.41] 7222 8333 8533 8533
Streptomyces virus Caliburn ~ KT152029 67.44 71.6} 93.33 93.42 100 97.26 90.67 88.31 89.47 89.47 89.04 70.83 83.33 84 84
Streptomyces virus Aaronocolu.KT124227 69.77 74.07| 96 93.42 98.6 100 93.33 90.91 92.11 92.11 91.78] 71.23 84.72 85.33 85.33
Streptomyces virus Lika KC700556  69.77  74.07 92 9211 9444  95.89 100 9481 9737 9605 91.78] 7222 8472 8533 8533
Streptomyces virus Sujidade  KC700557 69.77 74.07| 92 90.79 94.44 95.89 97.33 100 94.74 96.05 91.78] 69.44 83.33 86.67 86.67
Streptomyces virus Zemlya KC700558 69.77 74.07| 92 92.11 94.44 95.89 98.67 93.51 100 97.37 91.78] 70.83 83.33 86.67 86.67
Streptomyces virus Danzina ~ KT124228 69.77  74.07| 92 9079 9444 9580 9733 9481  97.37 200 93.15| 69.44 8333 8667 8667
Streptomyces virus Lannister ~ KT184391 67.44 72.84] 88 86.84 90.28 91.78 89.33 87.01 88.16 89.47 100] 72.22 83.33 84 84
Streptomyces virus Hau3 1X182369 61.63 642 7067 6842 70.83 7123 6933 6494 6711 6579 71.23 100] 6528 6533 6533
Streptomyces virus phiCAM ~ 1X889246 63.95  67.9 80 7895 8333 8356 8133 7792 7895 7895 8219 6528 100 8933  89.33
Streptomyces virus Amela  KT186228 66.28  70.37 8 8421 875 87.67 8533 8442 8553 8553 863 6806 93.06 100 100
Streptomyces phage Verse ~ KT186229 66.28  66.28 84 8421 8.5 8767 8533 8442 8553 8553 863 68.06] 93.06 100 100)
Table 1. Properties of the type virus for each of the above mentioned genera.
Streptomyces | RefSeq No GenBank Genome GC % Protein tRNA

phage

Accession
No.

length
(kb)

Lika*

NC_021298

KC700556

51.25

65.8

75

0

R4

NC_019414

JX182370

51.07

67.0

86

1

phiCAM

JX889246

50.35

65.6

72

0

* 3' overhang (length of sequence not given) ** 11 bp 3' overhang (CGGGCAGTGAT),

Fig. 5. Electron micrographs of negatively stained phage Lika (http://phagesdb.org/phages/Lika/) -
Limited permission was granted by The Actinobacteriophages Database, funded by the Howard Hughes
Medical Institute, to use this electron micrograph for this taxonomy proposal; it cannot be reused without
permission of The Actinobacteriophages Database.
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