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In a recent study published in Viruses [1], the authors claim to have isolated and characterized the first tailed temperate phage able to infect a bacterium from the genus Psychrobacillus—Psychrobacillus phage PVJ1 (GenBank accession number: MZ983385). These claims, however, are misleading, as at least two tailed temperate siphophages infecting a Psychrobacillus sp. had their complete annotated genomes deposited in public biological sequence repositories prior to the public availability of phage PVJ1.



Based on the respective GenBank submission associated with the aforementioned paper, the complete annotated genome of Psychrobacillus phage PVJ1 (MZ983385.1) was deposited to GenBank on 31 August 2021 and subsequently released on 22 September 2021, while the complete annotated genomes of Psychrobacillus phages Perkons (MT325768.1) and Spoks (MT410774.1) were deposited to GenBank on 10 April 2020 and 29 April 2020, and were publicly released on 6 May 2020 and 27 May 2020, respectively, more than a year prior to phage PVJ1.



Although the authors performed a great job at describing the isolation and characterization of Psychrobacillus phage PVJ1, we found it quite disturbing that they, apparently, have not attempted a quick public biological sequence repository search using a query as simple as “Psychrobacillus phage” prior to claiming to have reported the first known phage infecting a member of the genus Psychrobacillus. This has prompted us to highlight the necessity of having a look into the International Nucleotide Sequence Database Collaboration (INSDC) databases (e.g., GenBank, European Nucleotide Archive, DNA Data Bank of Japan) before making any claims regarding newly isolated and characterized phages’ place within the context of the known phage diversity (such as claiming that the phage in question is the first known virus to infect the members of bacterial genus “X”).



To our knowledge, phages Perkons and Spoks are the first phages capable of infecting a bacterium belonging to the genus Psychrobacillus that had their complete annotated genomes publicly available. These phages, along with their host—Psychrobacillus sp. L4—were retrieved in the Latvian Biomedical Research and Study Centre from ice-free Antarctic soil material collected during the First Latvian Antarctic Expedition (K. Lamsters, J. Karuss, M. Krievans) that took place from 18 February to 4 April 2018 and received by us in the summer of the same year. Even though not formally published in the peer-reviewed literature yet, the process of isolation and characterization of these phages has been a major part of N. Zrelovs’ MSc. thesis on the isolation and characterization of phages for bacterial genera, which had no known phages able to infect them yet, so as to expand the known cultured phage diversity, defended at the University of Latvia in summer 2020 [2]. The preliminary findings of these studies (including the presentation of the employed methodology, EM micrographs and annotation of a draft genome assembly for “Psychrobacillus virus L4F1” later to be refined and deposited to GenBank as “Psychrobacillus phage Perkons” under accession number MT325768.1) were also presented in the form of an oral presentation, “Isolation and characterization of novel bacteriophages from Antarctic soil samples”, at the “Bioresources and Viruses IX” conference held in Kyiv, Ukraine (9–11 September 2019; presentation enclosed within the letter as Supplementary S1).



The authors, apparently, have isolated and characterized the first known temperate myovirus capable of infecting a Psychrobacillus sp.—phage PVJ1—whose native host Psychrobacillus sp. GC2J1 came from marine sediments. However, overall, the phage PVJ1 still remains the third temperate tailed virus infecting a member of this bacterial genus following the temperate Psychrobacillus siphophages Perkons and Spoks, despite the fact the authors claim that “… there were no reports of bacteriophages infecting the genus Psychrobacillus …”, “… PVJ1 is the first bacteriophage isolated from Psychrobacillus” and “… PVJ1, the first-tailed temperate phage-infecting Psychrobacillus” within the paper [1]. Interestingly, although the host of phages Perkons and Spoks was initially classified by us based on 16S rRNA gene near-full-length sequencing as a strain of Psychrobacillus psychrodurans (on the basis of the closest 16S rRNA gene sequence match from cultured bacteria), the genus seems to have expanded shortly after with the addition of species that are more closely related to Psychrobacillus isolate L4—Psychrobacillus vulpis [3] and Psychrobacillus glaciei [4]—with the latter being isolated from an Antarctic iceberg and having the closest 16S rRNA gene sequence match to isolate L4 as of now (Figure 1).



The growing accessibility of next-generation sequencing has remarkably impacted the rate of novel phage isolation and characterization studies conducted worldwide, resulting in a rapid expansion of the known phage diversity via steady growth of the complete phage genomes available in INSDC databases, albeit mostly with phages infecting a very limited number of different hosts. Although the peer-reviewed literature contains some attempts at summarizing the complete phage genome contents of the public databases (i.e., our attempt at doing so [11]), such studies, logically, provide no more than overview snapshots of the uncovered phage diversity at a given time and are always prone to becoming obsolete in the light of such diversity being ever-growing. To allow following the expansion of GenBank with novel phage entries, recently, a methodological framework that allows taking such “phage diversity snapshots” and even additionally extracting meaningful data for further phage comparative genomics analyses (INPHARED) was developed and published by Cook and colleagues [12] but requires some command line proficiency from the potential user seeking to run it independently of the (thus far monthly) output updates by the authors, making manual public database searches still a necessity for some researchers.



Despite the fact that there is a large fraction of complete annotated phage genome entries publicly available that still do not have an article or at least a genome announcement from the peer-reviewed literature linked to them for a variety of reasons (including Psychrobacillus phages Perkons and Spoks), we believe it is incorrect to ignore the existence of such entries when analyzing the place of any newly isolated phage within the context of known phages, regardless of the phages not being mentioned anywhere in the peer-reviewed literature. With this letter, we would like to emphasize the self-evident need of phage researchers to make use of public biological sequence repositories to keep track of the currently available phage diversity, especially for supplementing claims requiring a high burden of proof (e.g., the isolated phage is the first known phage infecting “X”, where “X” is a variable). As is exemplified by the case of the study describing the isolation and characterization of Psychrobacillus phage PVJ1, failure to do so might result in incorrect and misleading conclusions regarding the place of newly isolated phages within the thus far uncovered phage diversity, which is inevitably going to expand further beyond the currently recognized state, which still encompasses only a very limited variety of distinct hosts as of today.







Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/v14030495/s1, Supplementary S1: Slides accompanying the oral presentation “Isolation and characterization of novel bacteriophages from Antarctic soil samples” given by N.Z. at “Bioresources and Viruses IX” conference held in Kyiv, Ukraine (9–11 September 2019).





Author Contributions


Conceptualization, methodology, formal analysis and investigation N.Z., A.D. and A.K.; resources and funding acquisition K.L., J.K. and M.K. All authors have read and agreed to the published version of the manuscript.




Funding


N.Z. was supported by the University of Latvia Foundation, Latvia (Latvijas Universitates fonds), via the Laimins Family Microbiology Scholarship (2018/2019 academic year) and Excellence Scholarship in Bioinformatics (2019/2020 academic year) during his MSc. studies.




Data Availability Statement


Complete annotated genome sequences of Psychrobacillus phages Perkons and Spoks are available at GenBank under accession numbers MT325768.1 and MT410774.1, respectively.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Liu, W.; Zheng, X.; Dai, X.; Zhang, Z.; Zhang, W.; Xiao, T.; Huang, L. Isolation and Characterization of the First Temperate Virus Infecting Psychrobacillus from Marine Sediments. Viruses 2022, 14, 108. [Google Scholar] [CrossRef] [PubMed]

	



Zrelovs, N. Trīs no antarktiskās ledus-brīvas augsnes jaunizdalīto Caudovirales kārtas bakteriofāgu raksturošana [Characterization of Three Novel Bacteriophages from Order Caudovirales Isolated from Antarctic Ice-Free Soils]; University of Latvia: Riga, Latvia, 2020. (In Latvian) [Google Scholar]

	



Rodríguez, M.; Reina, J.C.; Béjar, V.; Llamas, I. Psychrobacillus vulpis sp. nov., a new species isolated from faeces of a red fox in Spain. Int. J. Syst. Evol. Microbiol. 2020, 70, 882–888. [Google Scholar] [CrossRef] [PubMed]

	



Choi, J.Y.; Lee, P.C. Psychrobacillus glaciei sp. Nov., a psychrotolerant species isolated from an antarctic iceberg. Int. J. Syst. Evol. Microbiol. 2020, 70, 1947–1952. [Google Scholar] [CrossRef] [PubMed]

	



Yoon, S.H.; Ha, S.M.; Kwon, S.; Lim, J.; Kim, Y.; Seo, H.; Chun, J. Introducing EzBioCloud: A taxonomically united database of 16S rRNA gene sequences and whole-genome assemblies. Int. J. Syst. Evol. Microbiol. 2017, 67, 1613–1617. [Google Scholar] [CrossRef] [PubMed]

	



Sievers, F.; Wilm, A.; Dineen, D.; Gibson, T.J.; Karplus, K.; Li, W.; Lopez, R.; McWilliam, H.; Remmert, M.; Söding, J.; et al. Fast, scalable generation of high-quality protein multiple sequence alignments using Clustal Omega. Mol. Syst. Biol. 2011, 7, 539. [Google Scholar] [CrossRef] [PubMed]

	



Castresana, J. Selection of conserved blocks from multiple alignments for their use in phylogenetic analysis. Mol. Biol. Evol. 2000, 17, 540–552. [Google Scholar] [CrossRef] [PubMed]

	



Nguyen, L.T.; Schmidt, H.A.; Von Haeseler, A.; Minh, B.Q. IQ-TREE: A fast and effective stochastic algorithm for estimating maximum-likelihood phylogenies. Mol. Biol. Evol. 2015, 32, 268–274. [Google Scholar] [CrossRef] [PubMed]

	



Kalyaanamoorthy, S.; Minh, B.Q.; Wong, T.K.F.; Von Haeseler, A.; Jermiin, L.S. ModelFinder: Fast model selection for accurate phylogenetic estimates. Nat. Methods 2017, 14, 587–589. [Google Scholar] [CrossRef] [PubMed]

	



Minh, B.Q.; Nguyen, M.A.T.; Von Haeseler, A. Ultrafast approximation for phylogenetic bootstrap. Mol. Biol. Evol. 2013, 30, 1188–1195. [Google Scholar] [CrossRef] [PubMed]

	



Zrelovs, N.; Dislers, A.; Kazaks, A. Motley Crew: Overview of the Currently Available Phage Diversity. Front. Microbiol. 2021, 11, 2417. [Google Scholar] [CrossRef] [PubMed]

	



Cook, R.; Brown, N.; Redgwell, T.; Rihtman, B.; Barnes, M.; Clokie, M.; Stekel, D.J.; Hobman, J.; Jones, M.A.; Millard, A. INfrastructure for a PHAge REference Database: Identification of Large-Scale Biases in the Current Collection of Cultured Phage Genomes. PHAGE 2021, 2, 214–223. [Google Scholar] [CrossRef]








[image: Viruses 14 00495 g001 550] 





Figure 1. Maximum likelihood phylogeny of the partial 16S rRNA gene sequences of Psychrobacillus isolate L4 (host of phages Perkons and Spoks; tip label highlighted in green; sequence obtained using common 27F and 1492R primers), Psychrobacillus isolate GC2J1 (host of phage PVJ1; tip label highlighted in yellow) and validly named closely related bacterial isolates found in the EzBioCloud database [5]. Clustal-Omega v.1.2.4 [6] was used in auto mode for the multiple sequence alignment (MSA), which was then restricted to informative positions only using Gblocks [7] under default settings, resulting in the MSA of 40 sequences and 1250 positions (148 parsimony-informative, 87 singleton sites, 1015 constant sites). Maximum likelihood phylogeny reconstruction was performed using IQTREE v2.0.6. [8] under K2P+R2 as the best-fit substitution model according to ModelFinder [9] while allowing for polytomies. Ultrafast bootstrapping (UFBoot [10]; 1000 replicates) was used to assess the node support. The tree is midpoint rooted and drawn to scale; branch lengths are in the unit of nucleotide substitutions per site. UFBoot support percentages are given for nodes having a support of more than 90%; these are also indicated by black rectangles. Tip labels are in the form of “Species/Strain/Accession”. 






Figure 1. Maximum likelihood phylogeny of the partial 16S rRNA gene sequences of Psychrobacillus isolate L4 (host of phages Perkons and Spoks; tip label highlighted in green; sequence obtained using common 27F and 1492R primers), Psychrobacillus isolate GC2J1 (host of phage PVJ1; tip label highlighted in yellow) and validly named closely related bacterial isolates found in the EzBioCloud database [5]. Clustal-Omega v.1.2.4 [6] was used in auto mode for the multiple sequence alignment (MSA), which was then restricted to informative positions only using Gblocks [7] under default settings, resulting in the MSA of 40 sequences and 1250 positions (148 parsimony-informative, 87 singleton sites, 1015 constant sites). Maximum likelihood phylogeny reconstruction was performed using IQTREE v2.0.6. [8] under K2P+R2 as the best-fit substitution model according to ModelFinder [9] while allowing for polytomies. Ultrafast bootstrapping (UFBoot [10]; 1000 replicates) was used to assess the node support. The tree is midpoint rooted and drawn to scale; branch lengths are in the unit of nucleotide substitutions per site. UFBoot support percentages are given for nodes having a support of more than 90%; these are also indicated by black rectangles. Tip labels are in the form of “Species/Strain/Accession”.



[image: Viruses 14 00495 g001]













	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  viruses-14-00495


  
    		
      viruses-14-00495
    


  




  





media/file0.png





media/file2.png
| 5 Sporosarcina pasteurii/lNCIMB_8841/X60631
------------------ Sporosarcina siberiensis/1111S-42/KF258678
{LQS_ ................................................... Sporosarcina solil180/DQ073394
90

-------------------------------- Sporosarcina limicolalDSM_13886/AJ292316
Sporosarcina contaminans/CCUG_53915/FN298444

'W ------------------------------------- Sporosarcina thermotolerans/CCUG_53480/FN298445

S 7 Sporosarcina IuteOIaIY1IAB473560

------------------------------ Sporosarcina saromensis/HG645/AB243859

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Sporosarcina koreensis/F73/DQ073393

(o}
(o)}

-------------------------------- Sporosarcina newyorkensis/6062/GU994085
................................................ Planococcus p’akortidileSM_23997,C P01 6539
Paenisporosarcina antarctica/N-05/EF154512
Paenisporosarcina macmurdoensis/ICMS_21w/AJ514408
Paenisporosarcina indica/lPN2/FN397659

Paenisporosarcina quisquiliarum/SK_55/DQ333897
Viridibacillus arenosilLMG_22166/AJ627212

(o]
(o))

Viridibacillus arvilDSM_16317/LILB01000018
Psychrobacillus psychrodurans/DSM_11713/jgi.1085849
Psychrobacillus psychrotolerans/DSM_11706/AJ277983
Psychrobacillus insolitus/DSM_5/AM980508
Psychrobacillus sp./L4/Unpublished

Psychrobacillus glaciei/lPB01/MN416951
Psychrobacillus vulpis/Z8/MH910346

Psychrobacillus lasiicapitisINEAU-3TGS17/KP219721
Psychrobacillus sp./GC2J1/MZ959810.1
Psychrobacillus soli/NHI-2/KJ956929
Chryseomicrobium excrementilET03/KU230523
Chryseomicrobium amylolyticum/JC16/FM209428
Chryseomicrobium imtechense/MW_10/GQ927308

Chryseomicrobium palamuruense/PU1/FN555708
Chryseomicrobium aureum/BUT-2/KF781632
Lysinibacillus endophyticus/IDSM_100506/RBZN01000109
Ureibacillus xylenilJC22/FN179487

Ureibacillus sinduriensis/BLB-1/FJ169465

Lysinibacillus halotolerans/LAM612/KF443809
Lysinibacillus telephonicus/S5H2222/KT735049

Lysinibacillus xylanilyticus/DSM_23493/LFXJ01000007
Lysinibacillus pakistanensis/JCM_18776/BBDJ01000063
.............................................................. LySinibaCillus ContaminanS/DSM_25560/LGRV01 000001

.......................................................................... LySinibaCi”us a’kaIiSOIiIYZAZOIKX258757

0.01





media/file1.jpg
oy C—

‘Sporosarcina pasteuriiNCIMB_83411X60631
Sporosarin siboranss1115-42KF2586T8
Sporosarin soUVOQOTIIA
Sporasarcin ol OSH_ISS3SAZIZSI6
Sporosarcins contominanaCOUG SISFIOU
Sporosarcin hamotloansCUG,_S3S0PNZIRLS
Sporosarcins isoYIABATISE0

Sporosarin saromensHGBASAB2ASSS)
Sporosarcin KorsonssFTIDSTS93

Sporosarina nowyorkonsIs60621GU994085
PlanococcuspakondAOSH_ZS09TCPOIESS)
Paenispoosarcins antarctEsMOSEF 154512
Puanispoosarcins macurdoansSCHS_ZIWIAJS1LA0S
Paenisporosarcin IGCAPRIFNOT650
Puanisporosarin quisqularanSK_SSDGSS3EST
Viridibacitus aiDSM_16317LILBO1000018

e ————
PeychrobacluspsychrotcloransiDSH_708A217983
Payeronaclus insoltusOSH.SAMDBDSS
Peychrobacitussp LAUpubished
[
Peychobaclus wpIZANHOIO4S

Payenobaclus asicapUSNEAU STGSITINF21972)
Peychrobaclus sp IGC2IINZ350810.1
Payenvobacitus sl 2956825
Chryseomeroiom sxcrment ETO3KU2052)
Chyseomicrobium amyolteumicIEUzON2S
Chryseoricrobiom inechense 1060927300
Chryseomicrobom palmursensePUINSESTIS
Chryseomicroiom suroumBUT 2KFTB1652
Lysiniacils ondophycusiDSH_109508RB2NG1000109
[ —————
Ursescilussinduions<OLB-AF 169465
Lysiniacil hfotoleransAWSI2NE 443300
Lysiniacls iphonicusSSH2222KTT35040
Lysiniacill ybniylcusiOSW_Z3A930FXD 000087
Lysiniacil pokistanonis CH_BTT6BB0101000063
Lysiniacils contaminansDSH 255611.GRV10000





