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Abstract

	Building on the recent description of the Kyanoviridae family, this proposal adds further cyanophages into the family Kyanoviridae by the creation of seven new genera.



Text of proposal
	
	Species demarcation criteria: Two phages are assigned to the same species if their genomes are more than 95% identical over their genome length for isolates using VIRIDIC [3].

Genus demarcation criteria: In search for criteria that create cohesive and distinct genera that are reproducible and monophyletic, the Bacterial Viruses Subcommittee has established 70% nucleotide identity of the genome length as the cut-off for genera. Genus-level groupings should always be monophyletic in the signature genes, as tested with a phylogenetic tree [5]. 

Phylogenetic analysis was carried out using signature genes as detailed below. Gene sequences were aligned with MAFFT [2] using default settings and trees constructed with Fasttree [4]. For calculation of genomic similarity genomes were compared with VIRIDIC [3]. 

Building on the recent description of the Kyanoviridae family, this adds further cyanophages family Kyanoviriade by the creation of seven new genera. With the genus Tamkungvirus that is currently unclassified at the family level, moved into the family Kyanoviriade.






Supporting evidence

Origin of the name of this taxon:  Proposed name Huanghaivirus, after the Huanghai sea which was the source of isolation. 

Huanghaivirus snothree


Genome summary: 

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNA

	Synechococcus phage S-N03

	MT162466


	167069
	50.053
	243
	1






VIRIDIC heat map:  VIRIDIC (Virus Intergenomic Distance Calculator) heatmap was computed using top hits as identified using mash distance. 
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Phylogenetic analysis 
Phylogeny was constructed from the nucleotide sequence of the terL gene.  The top 100 hits were extracted as identified by blastn and T4 terL used as an outgroup. Genes were aligned using MAFFT and trees constructed with Fasttree. Bootstrap values are represented by black circles with the size proportional to percentage from 70-100%. 


[image: Table

Description automatically generated with medium confidence]


Origin of the name of this taxon:  

Named after the road the institute is located on that was the source of isolation. Yushanluvirus satich


Genome summary: 

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNA

	Synechococcus phage S-H9-2
	MW147367

	187320
	40.32
	204
	15




VIRIDIC heat map:  VIRIDIC (Virus Intergenomic Distance Calculator) heatmap was computed using top hits as identified using mash distance. 
[image: ]



Phylogenetic analysis 
Phylogeny was constructed from the nucleotide sequence of the terL gene.  The top 100 hits were extracted as identified by blastn and T4 terL used as an outgroup. Genes were aligned using MAFFT and trees constructed with Fasttree. Bootstrap values are represented by black circles with the size proportional to percentage from 70-100%. Synechococcus phage S-H9-2 forms a single clade and is sufficiently different based on VIRIDIC analysis to forma a new genus within the family Kyanoviridae
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Origin of the name of this taxon:  

Named after the mythical sea creature Scylla

Scyllavirus aitchnine

Genome summary: 

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNA
	Overall % DNA sequence identity (*)
	Overall % homologous proteins (**)

	Synechococcus phage S-H9-1

	MW117966

	192454
	40.994
	226
	13
	
	





VIRIDIC heat map:  VIRIDIC (Virus Intergenomic Distance Calculator) heatmap was computed using top hits as identified using mash distance. 
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Phylogenetic analysis 
Phylogeny was constructed from the nucleotide sequence of the terL gene.  The top 100 hits were extracted as identified by blastn and T4 terL used as an outgroup. Genes were aligned using MAFFT and trees constructed with Fasttree. Bootstrap values are represented by black circles with the size proportional to percentage from 70-100%. 

[image: Diagram

Description automatically generated]

Synechococcus phage S-H9-1 forms a single clade, that is sister to S-RSM4. Based on VIRIDIC analysis the genomes share < 70% nucleotide identity and thus represents a new genus. 
 



Origin of the name of this taxon:  

Named after the Institute building where the first isolate was obtained (Zhoulongquan)

Zhoulongquanvirus 

Zhoulongquanvirus esscess



Genome summary: 

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNA

	Synechococcus phage S-SCSM1

	MK867354

	228827
	36.842
	281
	9





VIRIDIC heat map:  VIRIDIC (Virus Intergenomic Distance Calculator) heatmap was computed using top hits as identified using mash distance from INPHARED database(Cook et al. 2021). 
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A phylogeny was constructed from the nucleotide sequence of the terL gene.  The top 100 hits were extracted as identified by blastn and T4 terL used as an outgroup. Genes were aligned using MAFFT and trees constructed with Fasttree. Bootstrap values are represented by black circles with the size proportional to percentage from 70-100%. 

Synechococcus phage S-SCSM1 forms a single clade within the Kyanoviridae , based on VIRIDIC analysis none of the genomes in sister clades share >70% ANI, thus supporting the creation of a new genus with S-SCMS1 the sole member. 
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Origin of the name of this taxon:  

Named after the location of the reservoir the sample was taken from for phage isolation (Serangoonvirus).

Serangoonvirus essarone


Genome summary: 

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNA

	Synechococcus phage S-SRM01

	MW015081

	240842
	35.642
	367
	12





VIRIDIC heat map:  VIRIDIC (Virus Intergenomic Distance Calculator) heatmap was computed using genomes that are currently within the genus 


[image: ]

 
A phylogeny was constructed from the nucleotide sequence of the terL gene.  The top  hits were extracted as identified by blastn and T4 terL used as an outgroup. Genes were aligned using MAFFT and trees constructed with Fasttree. Bootstrap values are represented by black circles with the size proportional to percentage from 70-100%. 


[image: A picture containing scatter chart
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Origin of the name of this taxon:  

The Kyanoviridae was recently created and includes all “T4like” cyanophages.  The genus Tamkungvirus, remains unclassified at the family level. The similarity of the phage ST4 to other cyanophages places this within the family Kyanoviridae. Phage ST4 is still the only isolate to date within this genus. 

Phylogenetic analysis of the terL gene clearly places ST4 with other cyanophages in Kyanoviridae family. 
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Description automatically generated]

A phylogeny was constructed from the nucleotide sequence of the terL gene.  The top  hits were extracted as identified by blastn and T4 terL used as an outgroup. Genes were aligned using MAFFT and trees constructed with Fasttree. Bootstrap values are represented by black circles with the size proportional to percentage from 70-100%. 


Origin of the name of this taxon:  

Named after the location of the site of the sample was taken from for phage isolation (Yellow Sea) . 

Yellowseavirus  thirtyeight


Genome summary: 

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	Protein 
	tRNA

	Synechococcus phage S-H38
	MW117965

	180224

	42.42
	214
	8




VIRIDIC heat map:  VIRIDIC (Virus Intergenomic Distance Calculator) heatmap was computed using the most closely related genomes as identified by mash. 

A phylogeny was constructed from the nucleotide sequence of the terL gene.  The top hits were extracted as identified by blastn and T4 terL used as an outgroup. Genes were aligned using MAFFT and trees constructed with Fasttree. Bootstrap values are represented by black circles with the size proportional to percentage from 70-100%. S-H38 falls with other cyanophages within the family Kyanoviriade, as a single clade. Combined with the lack of genomic similarity as determined by VIRIDIC analysis, represents a new genus. 
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Origin of the name of this taxon:  

Named after sandskrit for “sea dragon”, a mythical sea creature that looks different. Makaravirus  

Makaravirus thirtyfour 


Genome summary: 

	Phage name
	INSDC 
	Size (Kb)
	GC% 
	CDS 
	tRNA

	Synechococcus phage S-H34

	MT162467

	167040

	42.42
	248
	5




VIRIDIC heat map:  VIRIDIC (Virus Intergenomic Distance Calculator) heatmap was computed using the most closely related genomes as identified by mash comparison

[image: ]

A phylogeny was constructed from the nucleotide sequence of the terL gene.  The top hits were extracted as identified by blastn and T4 terL used as an outgroup. Genes were aligned using MAFFT and trees constructed with Fasttree. Bootstrap values are represented by black circles with the size proportional to percentage from 70-100%. S-H34 falls with other cyanophages within the family Kyanoviriade, as a single clade. Combined with the lack of genomic similarity as determined by VIRIDIC analysis, represents a new genus. 
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genome

JQ245707

MK016663

MN018232

GU071095

MH629685

FM207411

MW147367 MW117965

HQ337021

GU071108

HQ317291

KX349274 KX349273 KX349284 KX349231 KX349234

HQ317383

MT162468

HQ634189

MH920640

GU071097 GU071106

HQ634190

JQ245707 100 5.1 3 6.3 6.3 4.9 3.7 5 2.1 3.4 4.4 4.5 4.5 4.5 4.5 4.5 5.8 3.8 5.5 5.9 4.902 5.712 5.674

MK016663 5.1 100 41 15 14 7.9 8.5 9.2 6.5 8.6 9.1 9 9 9 9 9 9.3 9 8.5 8.9 8.241 8.868 8.856

MN018232 3 41 100 22 17 19 14 11 8.9 11 11 11 11 11 11 11 11 11 10 11 9.938 10.434 10.434

GU071095 6.3 15 22 100 23 14 14 15 12 14 15 15 15 15 15 15 16 14 17 16 15.041 16.309 16.346

MH629685 6.3 14 17 23 100 16 15 16 12 15 16 17 17 17 17 17 17 16 17 17 14.845 15.806 15.709

FM207411 4.9 7.9 19 14 16 100 35 15 11 13 15 15 15 15 15 15 17 16 14 14 13.329 13.654 13.649

MW147367 3.7 8.5 14 14 15 35 100 14 11 15 16 15 15 15 15 15 15 16 13 13 12.42 13.157 13.099

MW117965 5 9.2 11 15 16 15 14 100 20 24 27 26 26 26 26 26 27 25 25 25 23.835 24.887 24.928

HQ337021 2.1 6.5 8.9 12 12 11 11 20 100 43 42 42 42 42 42 42 41 43 41 41 44.015 47.367 47.072

GU071108 3.4 8.6 11 14 15 13 15 24 43 100 67 67 67 67 67 67 58 61 50 50 49.188 51.853 51.85

HQ317291 4.4 9.1 11 15 16 15 16 27 42 67 100 98 98 98 97 97 60 63 51 51 50.216 54.347 54.198

KX349274 4.5 9 11 15 17 15 15 26 42 67 98 100 100 100 99 99 60 63 51 51 50.063 54.163 53.99

KX349273 4.5 9 11 15 17 15 15 26 42 67 98 100 100 100 99 99 60 63 51 51 50.22 54.206 54.026

KX349284 4.5 9 11 15 17 15 15 26 42 67 98 100 100 100 99 99 60 63 51 51 50.247 54.245 54.022

KX349231 4.5 9 11 15 17 15 15 26 42 67 97 99 99 99 100 99 60 63 51 51 50.154 54.272 54.091

KX349234 4.5 9 11 15 17 15 15 26 42 67 97 99 99 99 99 100 60 63 51 51 50.232 54.251 54.064

HQ317383 5.8 9.3 11 16 17 17 15 27 41 58 60 60 60 60 60 60 100 61 56 56 52.436 53.832 53.816

MT162468 3.8 9 11 14 16 16 16 25 43 61 63 63 63 63 63 63 61 100 49 49 49.133 52.175 52.192

HQ634189 5.5 8.5 10 17 17 14 13 25 41 50 51 51 51 51 51 51 56 49 100 97 55.189 55.258 55.307

MH920640 5.9 8.9 11 16 17 14 13 25 41 50 51 51 51 51 51 51 56 49 97 100 55.85 55.277 55.428

GU071097 4.9 8.2 9.9 15 15 13 12 24 44 49 50 50 50 50 50 50 52 49 55 56 100 56.05 56.045

GU071106 5.7 8.9 10 16 16 14 13 25 47 52 54 54 54 54 54 54 54 52 55 55 56.05 100 99.769

HQ634190 5.7 8.9 10 16 16 14 13 25 47 52 54 54 54 54 54 54 54 52 55 55 56.045 99.769 100
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image6.emf
genome MK016664.1MT162466.1MT162467.2MK867354.1MW015081.1MW117965.1 MW117966.1MW147367.1

MK016664.1 100 32.982 38.094 5.033 4.851 5.821 5.424 5.971

MT162466.1 32.982 100 67.97 4.83 4.362 5.519 5.256 5.817

MT162467.2 38.094 67.97 100 5.009 4.118 5.397 5.51 5.754

MK867354.1 5.033 4.83 5.009 100 15.699 14.88 12.995 13.496

MW015081.1 4.851 4.362 4.118 15.699 100 8.9 8.47 8.046

MW117965.1 5.821 5.519 5.397 14.88 8.9 100 14.114 14.517

MW117966.1 5.424 5.256 5.51 12.995 8.47 14.114 100 35.7

MW147367.1 5.971 5.817 5.754 13.496 8.046 14.517 35.7 100
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Synechococcus phage ACG-2014n (KF156338)
Synechococcus phage S-WAM2 (KU686211)
Synechococcus phage S-RSMd (FM207411)
Synechococcus phage S-HI-1 (MW117966)
Synechococcus phage ACG-2014i (KJ019082)
Synechococcus phage ACG-2014e (KJ019094)
Synechococcus phage ACG-2014e (KJ019054)
Synechococcus phage ACG-2014e (KJ019156)
Synechococcus phage ACG-2014 (KJ019089)
Synechococcus phage ACG-2014 (KJ019069)
Synechococcus phage S-CAM4 (KU686201)
Synechococcus phage S-CAM4 (KU686200)
Synechococcus phage S-CAM4 (KU686202)

Synechococcus virus S-PRM1 (MH629685)
Synechococcus phage S-CAM9 (KU686205)
Synechococcus phage S-CAM9 (KU686204)
Synechococcus phage S-CAM9 (KUG86206)
Synechococcus phage S-SKS1 (HQ633071)
Synechococcus phage S-B05 (MK799832)

MH920637

Synechococcus phage S-B43 (MN018232)
Prochlorococcus phage P-TIM68 (KM359505)
Synechococcus phage SynMITS9220M01 (MT408532)
Synechococcus phage Bellamy (MF351863)
Synechococcus phage S-SM2 (GU071095)
Synechococcus phage S-SCSM1 (MK867354)




image8.emf
genome

MT162468

KU594605

KX349286 KX349290 KX349287

MK493325 MK493324

KX349288

MK493322 MK493321

DQ149023 HQ634191

MW147367 MW117966

FM207411

KU686211

MK016663

MN018232

GU071095

MK867354

MT162468 100 60 61 61 61 61 61 61 61 53 48 48 16 17 16 17 9 11 14 14

KU594605 60 100 77 77 77 77 78 78 78 53 47 47 16 17 16 18 8.4 11 14 14

KX349286 61 77 100 97 97 97 97 97 97 54 47 47 16 17 16 18 8.8 11 15 14

KX349290 61 77 97 100 100 100 99 99 99 55 48 48 16 17 16 19 9.2 12 15 14

KX349287 61 77 97 100 100 100 99 99 99 55 48 48 16 17 16 19 9.2 12 15 14

MK493325 61 77 97 100 100 100 99 99 99 55 48 48 16 17 16 19 9.2 12 15 14

MK493324 61 78 97 99 99 99 100 100 100 55 48 48 16 17 16 19 9.6 12 15 14

KX349288 61 78 97 99 99 99 100 100 100 56 48 48 16 17 16 19 9.4 11 15 14

MK493322 61 78 97 99 99 99 100 100 100 56 48 48 16 17 16 19 9.4 11 15 14

MK493321 53 53 54 55 55 55 55 56 56 100 53 53 17 17 16 18 9.5 11 15 14

DQ149023 48 47 47 48 48 48 48 48 48 53 100 100 15 15 15 15 8.7 10 15 15

HQ634191 48 47 47 48 48 48 48 48 48 53 100 100 15 15 15 15 8.7 10 15 15

MW147367 16 16 16 16 16 16 16 16 16 17 15 15 100 35 35 32 8.5 14 14 13

MW117966 17 17 17 17 17 17 17 17 17 17 15 15 35 100 57 51 8.4 17 13 13

FM207411 16 16 16 16 16 16 16 16 16 16 15 15 35 57 100 59 7.9 19 14 13

KU686211 17 18 18 19 19 19 19 19 19 18 15 15 32 51 59 100 8.5 19 14 13

MK016663 9 8.4 8.8 9.2 9.2 9.2 9.6 9.4 9.4 9.5 8.7 8.7 8.5 8.47.858.505 100 41 15 13

MN018232 11 11 11 12 12 12 12 11 11 11 10 10 14 17 19 19 41 100 22 20

GU071095 14 14 15 15 15 15 15 15 15 15 15 15 14 1313.713.607 15 22 100 28

MK867354 14 14 14 14 14 14 14 14 14 14 15 15 13 13 13 13 13 20 28 100
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genome

MN062185

MW451248

MH319745

MW015081

KU686205 KU686204 KU686206

KM359505

GU071095

MF351863

AJ630128MW117965

MN062185 100 59 0 0.1 0 0 0 0 0 0.1 0 0

MW451248 59 100 0 0 0 0 0 0 0 0.1 0.1 0

MH319745 0 0 100 1.5 2 2 2 3.3 7.2 7.9 0.3 0.3

MW015081 0.1 0 1.5 100 15 15 15 14 16 14 11 8.7

KU686205 0 0 2 15 100 99 99 17 21 20 11 14

KU686204 0 0 2 15 99 100 100 17 21 21 11 14

KU686206 0 0 2 15 99 100 100 17 21 21 11 14

KM359505 0 0 3.3 14 17 17 17 100 24 23 9.6 10

GU071095 0 0 7.2 16 21 21 21 24 100 51 11 15

MF351863 0.1 0.1 7.9 14 20 21 21 23 51 100 11 14

AJ630128 0 0.1 0.3 11 11 11 11 9.6 11 11 100 11

MW117965 0 0 0.3 8.7 14 14 14 10 15 14 11 100
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Cyanophage P-RSM1 (HQG34175)
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genome

MK016664 MT162466 MT162467

MW117965

MT162468

KX349324 KX349311 KX349308 KX349326

MK016664 100 33 38 5.8 5.9 5.3 5.2 5.2 5.2

MT162466 33 100 68 5.5 6.2 5.5 5.6 5.6 5.6

MT162467 38 68 100 5.4 6.3 5.3 5.2 5.3 5.3

MW117965 5.8 5.5 5.4 100 25 23 23 23 23

MT162468 5.9 6.2 6.3 25 100 59 59 59 59

KX349324 5.3 5.5 5.3 23 59 100 98 98 98

KX349311 5.2 5.6 5.2 23 59 98 100 100 100

KX349308 5.2 5.6 5.3 23 59 98 100 100 100

KX349326 5.2 5.6 5.3 23 59 98 100 100 100
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genome

MK016664.1 MT162466.1 MT162467.2 MK867354.1

MW015081.1 MW117965.1 MW117966.1 MW147367.1

MK016664.1 100 33 38 5 4.9 5.8 5.4 6

MT162466.1 33 100 68 4.8 4.4 5.5 5.3 5.8

MT162467.2 38 68 100 5 4.1 5.4 5.5 5.8

MK867354.1 5 4.8 5 100 16 15 13 13

MW015081.1 4.9 4.4 4.1 16 100 8.9 8.5 8

MW117965.1 5.8 5.5 5.4 15 8.9 100 14 15

MW117966.1 5.4 5.3 5.5 13 8.5 14 100 36

MW147367.1 6 5.8 5.8 13 8 15 36 100


