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Abstract

	Here, we propose the creation of the new subfamily Migulavirinae including two genera, Litunavirus and Luzseptimavirus, based on genome-based comparisons, proteomic analysis using ViPTree and phylogenetic analyses of terminase and vRNA polymerase protein sequences. 



Text of proposal
	
	
Species demarcation criteria: We have chosen 95% DNA sequence identity as the criterion for demarcation of species in this new genus. Each of the proposed species differs from the others with more than 5% at the DNA level as confirmed with the BLASTN algorithm

To create a new subfamily, Migulavirinae

Source of the name of this taxon:  

This genus is named in honour of Emil F.A.W. Migula (1863-1938) who described the proteobacterial genus Pseudomonas.


History:  The two genera described above share sufficient DNA sequence relatedness to be considered part of a subfamily.  This is supported by vConTACT v.2.0 analysis [6].






Supporting evidence
ViPTree analysis: ViPTree analysis (https://www.genome.jp/viptree/; [1]) is based upon Rohwer and Edwards (2002) famous Phage Proteomic Tree [2].  The Herelleviridae root used as a reference is marked with red arrowhead; other arrowhead indicates subfamily to be created.
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VIRIDIC heat map: VIRIDIC (Virus Intergenomic Distance Calculator; [3]; http://rhea.icbm.uni-oldenburg.de/VIRIDIC/) computes pairwise intergenomic distances/similarities amongst phage genomes. The black box delineates strains. Column 2 - (P) partial genome. The colour codes in columns 3 and 4 indicate the boundaries of the proposed subfamilies and genera. The subfamily Migulavirinae is indicated in light blue (col4), with the genus Luzseptimavirus in light green and the genus Litunavirus in dark green (col3).  
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Phylogenetic analysis using the (A) terminase and (B) vRNA polymerase protein sequences of N4-like phages. The amino acid sequences were compared using MUSCLE with MEGA7 [4]. The tree was constructed using the maximum likelihood algorithm. The percentages of replicate trees were assessed with the bootstrap test (100).
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Phage acc. No. genus subfamily FN422398.1 LC064302.1 MF490236.1KM411958.1KU948710.1 HG962375.1MF490238.1FN422399.1 KR054032.1 KR052142.1 MN906996.1KM411960.1NC_027345.1KM974184.1MH356729.1KX171209.1 KX171210.1 KP994390.1 NC_041907.1JX415535.1 KJ135004.2 MH669274.1HQ259105.1KF192075.1 KF562340.1 NC_023589.1KC206276.2 MG208881.1MH733496.1NC_019423.1MG922974.1EF056009.1 MG770228.1MH992123.1

Pseudomonas phage LUZ7 FN422398.1 100 85,699 41,674 41,718 41,709 41,908 41,686 41,258 41,095 41,281 41,488 41,571 41,446 41,133 41,255 41,697 41,622 42,683 42,984 2,712 2,509 2,611 3,355 2,931 2,688 3,018 2,93 2,846 2,649 2,92 3,396 2,857 2,753 2,856

Pseudomonas phage KPP21 LC064302.1 85,699 100 41,483 41,429 41,465 41,512 41,473 41,301 41,191 41,079 41,45 41,083 41,099 41,006 40,926 42,438 42,377 42,634 42,064 3,699 3,849 3,935 3,108 2,862 3,004 3,309 3,152 3,134 2,489 2,987 3,908 2,557 2,511 2,364

Pseudomonas phage vB_PaeP_PYO2 MF490236.1 41,674 41,483 100 99,548 99,58 98,702 99,424 93,81 93,506 94,558 95,313 95,977 94,512 93,403 92,635 93,725 93,703 92,158 91,68 2,861 3,049 3,132 2,912 3,091 3,25 3,394 3,629 3,099 2,676 3,238 3,387 2,178 2,214 2,194

Pseudomonas phage RWG KM411958.1 41,718 41,429 99,548 100 99,956 98,692 98,974 93,725 93,489 94,592 95,35 96,097 94,508 93,303 92,504 93,735 93,727 92,144 91,664 2,841 3,005 3,088 2,913 3,091 3,25 3,394 3,61 3,079 2,676 3,22 3,387 2,179 2,215 2,194

Pseudomonas phage PEV2 KU948710.1 41,709 41,465 99,58 99,956 100 98,67 99,006 93,704 93,517 94,622 95,322 96,063 94,479 93,279 92,532 93,718 93,695 92,12 91,646 2,842 3,027 3,11 2,912 3,09 3,249 3,394 3,61 3,08 2,676 3,219 3,387 2,178 2,214 2,194

Pseudomonas phage vB_PaeP_C2-10_Ab09HG962375.1 41,908 41,512 98,702 98,692 98,67 100 99,264 93,973 93,262 94,449 95,498 96,025 94,833 93,416 92,615 93,7 93,677 92,276 91,694 2,85 3,031 3,084 3,014 3,202 3,242 3,3 3,653 3,18 2,868 3,304 2,95 1,995 2,276 2,394

Pseudomonas phage vB_PaeP_DEV MF490238.1 41,686 41,473 99,424 98,974 99,006 99,264 100 93,872 93,51 94,655 95,277 95,723 94,582 93,459 92,741 93,76 93,734 92,219 91,756 2,817 3,005 3,088 2,913 3,091 3,306 3,268 3,568 3,1 2,802 3,277 3,084 1,985 2,215 2,194

Pseudomonas phage LIT1 FN422399.1 41,258 41,301 93,81 93,725 93,704 93,973 93,872 100 95,155 93,407 93,782 93,888 94,12 93,734 93,743 92,859 92,837 92,355 92,073 2,968 3,08 3,283 3,083 3,268 3,446 3,586 3,691 3,595 3,169 2,836 2,924 2,342 2,162 2,366

Pseudomonas phage DL64 KR054032.1 41,095 41,191 93,506 93,489 93,517 93,262 93,51 95,155 100 94,31 93,82 94,017 94,129 92,855 92,284 92,423 92,395 92,86 92,221 2,815 3,062 3,147 3,276 3,293 3,113 3,457 3,826 3,223 3,158 3,058 3,091 2,087 2,149 2,309

Pseudomonas phage vB_PaeP_MAG4 KR052142.1 41,281 41,079 94,558 94,592 94,622 94,449 94,655 93,407 94,31 100 94,442 94,453 94,19 92,184 91,968 93,894 93,869 92,725 92,725 2,425 2,502 2,513 2,903 2,871 3,135 3,02 3,318 2,902 2,667 2,791 3,179 2,147 2,128 2,239

Pseudomonas phage LY218 MN906996.1 41,488 41,45 95,313 95,35 95,322 95,498 95,277 93,782 93,82 94,442 100 97,356 96,679 92,261 92,176 92,94 92,913 92,418 92,008 2,74 2,89 2,983 3,114 3,213 3,088 3,258 3,497 3,197 2,728 3,195 2,655 2,161 2,175 2,106

Pseudomonas phage phi176 KM411960.1 41,571 41,083 95,977 96,097 96,063 96,025 95,723 93,888 94,017 94,453 97,356 100 98,409 92,088 92,021 93,099 93,083 92,486 91,971 2,796 3,068 3,121 2,744 3,209 2,999 3,372 3,471 3,197 2,685 3,3 3,195 2,181 2,149 2,155

Pseudomonas phage Pa2 NC_027345.1 41,446 41,099 94,512 94,508 94,479 94,833 94,582 94,12 94,129 94,19 96,679 98,409 100 92,127 92,153 92,674 92,655 92,324 91,942 2,641 2,721 2,84 2,938 3,282 3,05 3,075 3,486 2,941 2,639 3,391 2,615 1,947 2,141 2,069

Pseudomonas phage YH6 KM974184.1 41,133 41,006 93,403 93,303 93,279 93,416 93,459 93,734 92,855 92,184 92,261 92,088 92,127 100 95,214 91,622 91,592 92,283 91,299 2,726 3,087 3,083 2,758 3,101 3,419 3,492 3,48 3,52 2,724 3,05 2,542 2,361 1,91 2,418

Pseudomonas phage LP14 MH356729.1 41,255 40,926 92,635 92,504 92,532 92,615 92,741 93,743 92,284 91,968 92,176 92,021 92,153 95,214 100 90,962 90,944 91,639 90,846 2,712 2,844 2,851 3,081 3,255 3,082 3,641 3,054 3,483 2,987 2,978 3,035 1,871 1,976 2,026

Pseudomonas phage vB_Pae575P-3 KX171209.1 41,697 42,438 93,725 93,735 93,718 93,7 93,76 92,859 92,423 93,894 92,94 93,099 92,674 91,622 90,962 100 99,959 94,724 94,152 2,797 3,164 3,203 2,917 3,315 2,846 3,301 3,741 3,446 2,939 3,335 3,078 2,036 2,426 2,392

Pseudomonas phage vB_Pae1396P-5 KX171210.1 41,622 42,377 93,703 93,727 93,695 93,677 93,734 92,837 92,395 93,869 92,913 93,083 92,655 91,592 90,944 99,959 100 94,705 94,141 2,831 3,115 3,192 2,906 3,303 2,835 3,288 3,596 3,436 2,915 3,324 3,082 2,039 2,43 2,396

Pseudomonas phage YH30 KP994390.1 42,683 42,634 92,158 92,144 92,12 92,276 92,219 92,355 92,86 92,725 92,418 92,486 92,324 92,283 91,639 94,724 94,705 100 96,009 2,842 3,06 3,044 2,934 3,358 3,081 3,899 3,313 3,47 3,188 2,963 3,736 2,646 2,266 2,665

Pseudomonas phage PA26 NC_041907.1 42,984 42,064 91,68 91,664 91,646 91,694 91,756 92,073 92,221 92,725 92,008 91,971 91,942 91,299 90,846 94,152 94,141 96,009 100 3,119 3,169 3,181 2,875 3,111 3,37 3,797 3,022 3,572 3,113 2,938 3,203 2,279 1,919 2,109

Escherichia phage ECBP1 JX415535.1 2,712 3,699 2,861 2,841 2,842 2,85 2,817 2,968 2,815 2,425 2,74 2,796 2,641 2,726 2,712 2,797 2,831 2,842 3,119 100 90,897 90,873 75,333 80,76 81,167 80,867 86,042 83,262 78,887 78,456 47,39 47,749 47,187 47,546

Escherichia phage Bp4 KJ135004.2 2,509 3,849 3,049 3,005 3,027 3,031 3,005 3,08 3,062 2,502 2,89 3,068 2,721 3,087 2,844 3,164 3,115 3,06 3,169 90,897 100 99,967 75,816 81,183 81,812 78,676 83,138 81,386 79,647 77,919 47,775 47,11 46,854 47,05

Escherichia phage PD38 MH669274.1 2,611 3,935 3,132 3,088 3,11 3,084 3,088 3,283 3,147 2,513 2,983 3,121 2,84 3,083 2,851 3,203 3,192 3,044 3,181 90,873 99,967 100 75,68 81,38 81,794 78,636 83,113 81,359 79,575 77,896 47,731 47,141 46,752 46,906

Escherichia phage vB_EcoP_G7C HQ259105.1 3,355 3,108 2,912 2,913 2,912 3,014 2,913 3,083 3,276 2,903 3,114 2,744 2,938 2,758 3,081 2,917 2,906 2,934 2,875 75,333 75,816 75,68 100 77,216 78,569 76,608 75,322 75,04 74,915 72,963 46,73 45,128 44,747 45,294

Escherichia phage vB_EcoP_PhAPEC5 KF192075.1 2,931 2,862 3,091 3,091 3,09 3,202 3,091 3,268 3,293 2,871 3,213 3,209 3,282 3,101 3,255 3,315 3,303 3,358 3,111 80,76 81,183 81,38 77,216 100 89,445 74,314 78,3 76,118 77,814 75,797 47,532 46,114 45,73 46,132

Escherichia phage vB_EcoP_PhAPEC7 KF562340.1 2,688 3,004 3,25 3,25 3,249 3,242 3,306 3,446 3,113 3,135 3,088 2,999 3,05 3,419 3,082 2,846 2,835 3,081 3,37 81,167 81,812 81,794 78,569 89,445 100 74,994 77,289 76,455 78,283 76,498 48,935 46,838 46,767 46,766

Shigella phage pSb-1 NC_023589.1 3,018 3,309 3,394 3,394 3,394 3,3 3,268 3,586 3,457 3,02 3,258 3,372 3,075 3,492 3,641 3,301 3,288 3,899 3,797 80,867 78,676 78,636 76,608 74,314 74,994 100 81,767 81,894 74,975 74,743 45,938 47,231 46 46,312

Escherichia phage EC1-UPM KC206276.2 2,93 3,152 3,629 3,61 3,61 3,653 3,568 3,691 3,826 3,318 3,497 3,471 3,486 3,48 3,054 3,741 3,596 3,313 3,022 86,042 83,138 83,113 75,322 78,3 77,289 81,767 100 82,684 76,464 75,241 46,398 45,587 44,747 44,999

Escherichia phage St11Ph5 MG208881.1 2,846 3,134 3,099 3,079 3,08 3,18 3,1 3,595 3,223 2,902 3,197 3,197 2,941 3,52 3,483 3,446 3,436 3,47 3,572 83,262 81,386 81,359 75,04 76,118 76,455 81,894 82,684 100 77,675 76,817 47,263 46,852 46,659 47,088

Escherichia phage PGN829 MH733496.1 2,649 2,489 2,676 2,676 2,676 2,868 2,802 3,169 3,158 2,667 2,728 2,685 2,639 2,724 2,987 2,939 2,915 3,188 3,113 78,887 79,647 79,575 74,915 77,814 78,283 74,975 76,464 77,675 100 76,668 47,259 47,27 46,968 46,704

Enterobacter phage IME11 NC_019423.1 2,92 2,987 3,238 3,22 3,219 3,304 3,277 2,836 3,058 2,791 3,195 3,3 3,391 3,05 2,978 3,335 3,324 2,963 2,938 78,456 77,919 77,896 72,963 75,797 76,498 74,743 75,241 76,817 76,668 100 49,77 46,175 46,247 46,52

Klebsiella phage KP8 MG922974.1 3,396 3,908 3,387 3,387 3,387 2,95 3,084 2,924 3,091 3,179 2,655 3,195 2,615 2,542 3,035 3,078 3,082 3,736 3,203 47,39 47,775 47,731 46,73 47,532 48,935 45,938 46,398 47,263 47,259 49,77 100 48,189 47,884 48,036

Enterobacteria phage N4 EF056009.1 2,857 2,557 2,178 2,179 2,178 1,995 1,985 2,342 2,087 2,147 2,161 2,181 1,947 2,361 1,871 2,036 2,039 2,646 2,279 47,749 47,11 47,141 45,128 46,114 46,838 47,231 45,587 46,852 47,27 46,175 48,189 100 97,507 98,109

Escherichia phage PMBT57 MG770228.1 2,753 2,511 2,214 2,215 2,214 2,276 2,215 2,162 2,149 2,128 2,175 2,149 2,141 1,91 1,976 2,426 2,43 2,266 1,919 47,187 46,854 46,752 44,747 45,73 46,767 46 44,747 46,659 46,968 46,247 47,884 97,507 100 98,237

Escherichia phage OLB145 MH992123.1 2,856 2,364 2,194 2,194 2,194 2,394 2,194 2,366 2,309 2,239 2,106 2,155 2,069 2,418 2,026 2,392 2,396 2,665 2,109 47,546 47,05 46,906 45,294 46,132 46,766 46,312 44,999 47,088 46,704 46,52 48,036 98,109 98,237 100
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4 The viral proteomic tree

Left line: Virus family
Myoviridae (341)
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Right line: Host group
Gammaproteobacteria (549)
Cyanobacteria (107)
Actinobacteria (26)
Alphaproteobacteria (26)
Firmicutes (1)

Others (21)
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760 sequences

Ruegeria phage DSS3-P1 (NC_025428) [59,601 nt]
Loktanella phage pCB2051-A (NC_020853) [56,958 nt]
Xylella phage Sano (KF626663) (56,147 n]

X)Idla phage Salvo (KF626668) [55,601 nt]

phage phiAxp-2 (NC_029106) [62,220 nt]

phage BeepNazgul (NC_003091) [57,455 nt]

ia phage AH2 (NC_018283) [58,065 nt]
Proteus phage pPM_01 (NC_028812) [58,546 nt]
Providencia phage Redjac (NC_018832) [58,104 n(]

Enf phage Enc34 (NC_019524) [60,364 nt]




