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Xanthomonads, members of the family Xanthomonadaceae, are economically important plant pathogenic bacteria
responsible for infections of over 400 plant species. Bacteriophage-based biopesticides can provide an
environmentally friendly, effective solution to control these bacteria. Bacteriophage-based biocontrol has important
advantages over chemical pesticides, and treatment with these biopesticides is a minor intervention into the
microflora. However, bacteriophages’ agricultural application has limitations rooted in these viruses’ biological
properties as active substances. These disadvantageous features, together with the complicated registration

process of bacteriophage-based biopesticides, means that there are few products available on the market.

bacteriophages bacteriophage therapy biological control Xanthomonas spp.

sustainable agriculture novel biopesticides

| 1. Introduction

Plant diseases in pre- and post-harvest frequently account for 20% or more product losses, both in emerging
countries as well as in developed areas . Although less numerous than fungal diseases, bacterial diseases are
often difficult to manage, due to their frequent polycyclic nature and the lack of systemic antibacterial substances
[, Copper compounds and antibiotics are the only antibacterial choices to control phytopathogenic bacteria that
are readily available in a large part of the world [Z[2l. Copper presents several risks and unexpected consequences
in agricultural systems and for the environment, e.g., phytotoxicity, negative effects on pollinating insects and other
beneficial organisms, bioaccumulation in soil and surface water and reduction of microbial biodiversity 4BIE]
Antibiotics, such as mainly streptomycin, kasugamycin and tetracyclines, as active substances in agriculture may
also pose unacceptable risks when used as pesticides B, Indeed, although they do not accumulate or cause
adverse effects on plants, they may incite the development of resistant traits in bacterial populations, including in
the target pathogen(s), and transfer them to bacteria of clinical interest 1. The urgent need to tackle pathogen
control in agricultural systems using a more sustainable approach has directed research towards different
strategies, among them the development and implementation of microbial biocontrol agents and bacteriophages (&
B In this review, we present the available knowledge on the use of bacteriophages in the management of
xanthomonads, the largest group of phytopathogenic bacteria that are often the causal agents of devastating
diseases in important crops. This review presents current knowledge on xanthomonads, bacteriophages, host-

microbe interaction and ecology interactions. This information, -together with the description of results of relevant
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laboratory, greenhouse and field trials- supports the understanding of factors influencing the effectivity of

bacteriophage-based biopesticides in the fields.

1.1. Xanthomonads

Xanthomonads are Gram negative bacteria belonging to the family of Xanthomonadaceae. Within this
family Xanthomonas emerges as one of the most important genera in phytobacteriology, for it comprises around
forty bacterial species pathogenic to over 400 plant species 9. In turn, several Xanthomonas species are further
taxonomically classified into different subspecies and pathovars, thus confirming a particular adaptation to plants.
Such phytopathological adaptation is due to the expression of virulence factors 1112 Most Xanthomonas sp.
strains are characterized by their production of xanthomonadin, a yellow pigment that represents the most useful
diagnostic feature used for their identification 22l although a few pathovars are reported that do not produce such
pigment, e.g.,: X. axonopodis pv. manihotis, X. campestris pv. mangiferaindicae and X. campestris pv. viticola 14
(131 Over the past 25 years, Xanthomonas species have undergone thorough changes in nomenclature based on
phenotypic and conventional molecular techniques and, more recently, whole-genome sequencing (WGS) 18IL7],
Indeed, evolutionary dynamics renders Xanthomonas species as rapidly evolving microbes and they are

particularly successful as plant pathogens [24118],

Several devastating plant diseases are caused by xanthomonads, for example X. oryzae pv. oryzae is the causal
agent of bacterial blight, the most serious disease of rice. Together with pv. oryzicola, the causal agent of bacterial
leaf streak, both pathogens frequently represent a limiting factor constraining rice production in tropical and
subtropical regions 22, Both pathogens exhibit large genetic variation among isolates, thus accounting for a high

genetic plasticity 12,

The bacterial canker of citrus, incited by X. citri subsp. citri affects all commercial varieties of citrus 29, Two other
major crops are affected by xanthomonads: bananas (all types), affected by bacterial wilt caused by X.
vasicola pv. musacearum and cassava, affected by bacterial wilt caused by X. phaseoli pv. manihotis 21,
International trade and climate change appear fundamental to support dissemination of xanthomonads worldwide

and their adaptation and establishment in new areas, as several recent findings confirm [221123]24]

1.2. Biological Control of Xanthomonads

Biological control of plant pathogenic bacteria may be implemented in several ways, for example (1) using
microbial antagonists producing specific substances, such as bacteriocins (antibiosis), (2) using beneficial bacteria
to efficiently compete for nutritional resources in planta 23, or (3) applying microbes that produce anti-Quorum
Sensing factors 28], or (4) act as hyperparasites 22, Emerging biocontrol strategies for plant pathogens, and for
xanthomonads in particular, increasingly rely on the use of selected microbial biocontrol agents, or microbiome
engineering (2829 Several microorganisms can efficiently control xanthomonads, both in vitro and in vivo, with
some also showing plant growth promoting traits 9. Specifically, bacterial species belonging to the
genera Pseudomonas and Bacillus are reported to be effective against several Xanthomonas spp. A large number

of papers describe satisfactory results on the biocontrol of X. citri pv. citri, X. campestris pv. campestris and X.
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vesicatoria 28], but most described results were obtained in vitro or in a controlled environment. Conversely,
reproducibility of such published results in agricultural systems is not as good as expected, possibly due to the
differences in agricultural context and the cropping systems. Nonetheless, a few commercial products based on
microbial biocontrol agents that have satisfactory antibacterial activity are readily available on the market. For
instance, Serenade® and Serenade® Max (Bayer Crop Science, Leverkusen, Germany) based on a selected strain
of Bacillus subtilis, are indicated for the biological control of X. arboricola pv. pruni. Similarly, Double Nickel™ LC
(Certis, Columbia, MD, USA) based on a strain of Bacillus amyloliquefacies, is indicated for the biological control of

the tomato spot disease (X. perforans).
1.3. Bacteriophages

Bacteriophages are viruses that specifically infect bacteria and have no direct negative effects on animals or
plants. Bacteriophages are widely distributed on the Earth and are measurable components of the natural
microflora 1. In agricultural environments there are multiple sources of bacteriophages, such as healthy and
diseased plant organs, soil, surface water, sewage and sludge, particularly from processing plants [32],
Bacteriophages may have different life cycles in natural environments. This includes a lytic life cycle, where a
bacteriophage infects its bacterial host cell and rapidly induces its breakdown and a lysogenic cycle, where they
are able to integrate their injected DNA into the bacterial genome 3],

Together with research on bacteriophages as prospective biocontrol agents, a number of studies were devoted to
elucidating bacterial taxonomy. Bacteriophages have been used as tools to identify and characterize
phytopathogenic bacteria B4, Then, the use of specific bacteriophages appeared to be essential for population
studies of phytopathogenic bacteria, in order to unravel key epidemiological factors. This supported the successful

use of phages in controlling bacterial diseases 22,

Recent publications on isolation and characterization of bacteriophages against xanthomonads are summarized

in Table 1.

Table 1. List of recent publications on bacteriophages against Xanthomonas spp.

Host Bacteria, Disease Name and

Host Plant Description of Works Performed Reference

Isolation and whole genome sequence analysis of N4-like
bacteriophage, named RiverRider, including its host [36]
range.

Xanthomonas fragariae Angular leaf
spot in strawberry

Isolation and genome sequence analysis
of Xanthomonas virus XacN1, a novel jumbo myovirus, 37]
showing a wider host range then other X.
citri bacteriophages.

Xanthomonas citri Asian citrus canker

Xanthomonas oryzae pv. oryzae Characterization of a novel phage Xoo0-sp2, isolated from
Bacterial leaf blight of rice soil and its potential as a prophylatic agent in biocontrol
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Host Bacteria, Disease Name and

Host Plant Description of Works Performed Reference
of the disease.
Isolation and complete genome sequence analysis of [39]
bacteriophage Xoo-sp13.
Isolation and complete genome sequence analysis of a [40]
jumbo bacteriophage, Xoo-spl4.
Isolation and analysis of the complete genome
sequences of 10 OP2-like X. [41]
oryzae pv. oryzae bacteriophages
Evaluation of lytic activity of Xcc@l bacteriophage in
combination with 6-pentyl-a-pyrone (a secondary
metabolite produced by Trichoderma atroviride P1) and [42]
Xanthomonas the mineral hydrquapatlte for the. pr_eventlon and
. . eradication of bacterial biofilms.
campestris pv. campestrisBlack rot
disease of kohlrabi . o . i
Isolation and characterization of specific bacteriophage
(Xccel) able to control disease, and investigation of X. [43]
campestris pv. campestris and Xcc@l, applied singly or
combined, on plant metabolome.
Xanthomonas Isolation of phage infecting X.
campestris pv. Campestris Black rot campestris pv. campestris and characterization of the [44]
of crucifers bacteriophage Xcc9SH3.
Xanthomonas Isolation and morphological, molecular and phylogenetic
campestris pv. Campestris Black rot characterization of X. campestris pv. campestris specific [43]
of caulifower bacteriophage named “Xanthomonas virus XC 2”
Isolation of 24 phages from soil and infected walnut aerial
tissues. Two polyvalent bacteriophages, were [46]
characterized by their morphological, physiological and
Xanthomonas genomic analyses.
arboricola pv. Juglandis Walnut blight
Isolation and complete genome analysis of three
bacteriophages, f20-Xaj, f29-Xaj and f30-Xaj, specific 471
to X. arboricola pv. juglandis
Isolation and complete genome sequence of a [48]
Xanthomonasvesicatoria Bacterial filamentous bacteriophage XaF13 infecting X. vesicatoria
LSl el Isolation and complete genome sequence of X. [49]

vesicatoria bacteriophage ®XaF18

2. Taylor, P.; Reeder, R. Antibiotic use on crops in low and middle-income countries based on

recommendations made by agricultural advisors. CABI Agric. Biosci. 2020, 1, 1.

3. Sundin, G.W.; Castiblanco, L.F.; Yuan, X.; Zeng, Q.; Yang, C.H. Bacterial disease management:

Challenges, experience, innovation and future prospects: Challenges in Bacterial Molecular Plant

2. Xanthemonas:HostPlant and.,Bacteriophage-Host

Bacterium Interactions and Their Possible Influence on
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I Bacteriophage<Based Bievontrol:Strategies Vetals and Pesticides

Toxicity in Agricultural Soil and Plants: Ecological Risks and Human Health Implications. Toxics
No zpggies ig2n island, as each individual organism is constantly in contact with others (59, Here we discuss

bacteriophage—host bacterium interactions and the factors that influence the possible outcomes of bacterial
Rledon ot 'éhEOr?&?rﬁaM: AR TR Sl CRR el N, SR A ehiss JER A RO BINSIEA NG Rl
bac@éﬁgﬁggeg-'bégé pgé\t/ibﬁggcv\/r%h/ Igbp |gél %%l't eruf%lg %%g’r%gilbzel%gg%ﬁwhen designing integrated plant
iBakdgageht ;(X@, XithZhargydVenwangf, dthethiopestitldas), WelWaiyide pdusiaie, sblFieparaie axdgointhy
bactatepbxmo pghadte ffeayshals ulfstioni difieacins) wbppeppliesodnmitiobral fidomassesitiatto analyze the
appinaviexidatiamoriasguaga s Ensndanaes. foirerobsiehece Z0déh 22 &n056e56%kvant bacteriophage-
e A R g N, AR O S S e S B PR A g e e e AL Rafer®:

2.1 RARBEIRG 55165t Bint Interactions

8. Kohl, J.; Kolnaar, R.; Ravensberg, W.J. Mode of Action of Microbial Biological Control Agents

B IORARRP s MOS8 HeL SRR B orfl EXRSMSITRRSHE PIISci D018/ agh @ Plant
pathogenic Xanthomonas spp. system. This subsection contains essential information on this system.

9. Svircev, A.; Roach, D.; Castle, A. Framing the Future with Bacteriophages in Agriculture. Viruses

Xar20diBod&y2 Mk part of their life cycle outside the host plant as epiphytes in the lesions of fallen leaves or
1TRERAE, RO HLCRIESE S15cEthomdRas 2hARGERBRLFRERCTRE RichteAghaicoggqe. with 2-7%
relative abundance in the bacterial community 2],

11. Medina, C.A.; Reyes, P.A.; Trujillo, C.A.; Gonzalez, J.L.; Bejarano, D.A.; Montenegro, N.A.;

Thelatehivnkdie doxahthdresiae Rpp Sstafant, shRpighalc Phesedisl ol éyps khedffegtors hesaplant through
natXrandpenteyzasaxeing pudisHoded)amit oiis Hay totearcasant pappsresiatoal(phaiop iyt phdye MES], When
intredlacé dPatb the 2048 ,slBab9 Xabfomonads use a variety of adhesion strategies to attach to the plant B53][56]
12 Timilsa™S MBGAIRC RN Iy AN e BRSOl ot L BB (P H o0 Re, F 1Y
e R A RS 8 B R TR SRR S TSR IR e Y h Co MR ST TRE DAY, f5d0) o
eﬁeﬁtor-tﬂﬁﬁ:?f)e&()iﬂnﬁaﬁi& i%‘l:l)lf%e_dﬁsd by pathogen-specific receptors 81, As a result, a systemic acquired

ev.
resistance (SAR) status may be established, potentially increasing resistance to subsequent attacks in the entire

13ahonlawsky, A.R.; Kawalek, M.D.; Schaad, N. A xanthomonadin-encoding gene cluster for the
identification of pathovars of Xanthomonas campestris. Mol. Plant Microbe Interact. 1993, 6, 545.
1Y, st R RSB PTG PR AR S8R 19 AR Rantresishas RaRBY AT o
thal, GoRRTOIRE 8 SR ABBI YRR BB, 255R SR RHEMbbiol. 2014150, %52BRp0ga7b Viulence factor of
phytopathogenic Xanthomonas spp. (6887 A biofilm, in addition to the cells, is primarily made up of proteins, lipids
IandstiataiMrboly YacB e ESs) BadadT M. t§reshEan S bioAHGH: pRdIass8sAncE #MdsMibierce
meBAN9SR MNiALScuMas AR Rt EhmeAUEay B verbak, XRBIRRIMABAS Sikidnu iisRa &G orior to
col HRRENNG: IthBr5Hli FHRRIRNCsRh G Suace sl MomRPhIn R AR BRI n BRI ST Yy 12
enz}%e‘l%gding genes (gumB-gumM), mediates xanthan gum biosynthesis 1. A study revealed that biofilm
1O aRET et MUdtinvEatisyIabh gy BVRR  IREEIHI ] . SigailitariHy lowswRais facreBRiNA! than
wildhtsmor ik R¥icilé 3egies R YtPRRFiBRINBIRIGAETEINOHC o R a1y PbMAsY PIAHEpRAID §YR e
shog\gl, tj’_\gggw]]]_ggp_es contribute to bacterial in planta growth, epiphytic survival and disease symptom formation
[72[75)[76][77][78]
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IheTmmdsmisly QK dispetsalat giodisnd/lake; fotnisddiatetinbavhgedrvin-¥alsidg GIS) dgnasmbBcule, or
diffigod siyhal Batox (DEAR dubEssifittattn dfXiecis oradisaspgendrheiofexsSstic 1957) Jones et al. 2006
as a later heterotypic synonym of Xanthomonas cynarae Trébaol et al. 2000 and description of X.
Ongpnaral siFaesaaphbasiRiix delng Hakapo  apie FRBAItnNsSdE bR IOHBRIGEALPRESRIRAIgeEs HAtSIgesy/ate a
smah/ tpckife GO 202.9 e Pr3upstozly in biofims) of cells in a metabolically inactive, dormant state that are
resistant against a wide ran?:? of antibiotics Y, X. campestris pv. campestris and X. citri subsp. citri can form

18. Bansal, K.; Kum 5 il, P.B. Com nom n veals Evyolutionary Dyn f
p?ersigte%%e’lls un gr d?#ér%r_it st%s’s condict:ignsqg—?l@].(alr%pgrta%tﬁ/?gal\'lc?er?c?pllﬁ_:{a%e%acgn aYsooLil_rtlf%cta pgrsi%/te?s%.s °
an Emerging and Variant Pathovar of Xanthomonas euvesicatoria. Genome Biol. Evol. 2018, 10,

LP§,1%4H%?DQ%omponents of the bacterial outer membrane, protect the cell from harmful environments and are

13AFOSLITR®D- TSRGIRE I rPIEncBagRaTb eI IR IFEM MRS EHYRa & Pathehany: fvisden Ratbgense
factera Byb s rissuRso PP iiatentf| 'exD0BSER, 30Bh323. pathogenesis-related gene expression, cell wall

thickening and oxidative burst [B4I85 Mutations in LPS gene clusters make bacteria more susceptible to adverse

20. Martins, P.M.M.: de Oliveira Andrade, M.; Benedetti, C.E. Xar‘l;[homonas.cnrl subsp. citri: Host
environmental = conditions, which™ may result’ in a redudction” In~ bacterial “virulence, as shown for X.

ca n%%tgsrt%gtb%pcgnm% gg%r&gﬁ&g?gles. Trop. Plant Pathol. 2020, 45, 213-236.

21. Verdier, V.; Lopez, C.; Bernal, A. Cassava bacterial blight, caused by Xanthomonas axonopodis
Xamghormeimh GRSCIRE DaLs ARIGH o of B MIMERARIRNI NMSIE A, BHoRIIEN liPRscdadiMgragsnvapgments,
incinirrenAgSyAterRa! BalincAEF RApIein $ESERTBP R EBR SRRt AP POR CASsaVA RESEARP dvrd
exPDEéERpIRTeNE; R RRCarle MdBRIPAICEE ARYREUIRAAITIOFRAR CRTPT BIiIeR; [Tash sRlis Cemaenssrved

StrysBRIIAIRAP BRI OPA CoRsapIeraa he st/ agBisliniesy STaTRSNR e RTdke sbaracteristics of their substrates

and the pathway that these substrates take during the export process, disting(uish them. T6SS was recently

“stovaret’ SRl Lo Bl e POl e ROt R S NG CFARIRS Cgehines %

umpkin in Italy. New Dis. Rep. 2020, 41, 21. _ . :
Th(ch and VgrG proteins are e sent(lja% components of T6SS that mimic the bacteriophage tail and needle

22t e phctiGine P8k iyah gétshiréPo inafsigathonms pas pivase alip T ahase oticaxiahantherm aeas chnid
asspysédsbansiezusingf toaTass foacterialdaligint of yieamdatlBelgiximhadewli Pis nRReihoZ2O 20 mM)] 1@ causal
B TR Y P e N TG R T o T SN e A Al
e e G e T S g g
siglﬂgﬁafce for host adaptation. They also showed that the T6SS of Xpm is functional and immensely contributes

to motility and virulence.
25. Andrews, J.H. Biological control in the phyllosphere. Annu. Rev. Phytopathol. 1992, 30, 603—-635.

2B ARSTRAR, YR L8R ING The 6 ?eD‘?'sarSJiSHHé”th?SPl[g‘L%aEFé"HgPn%xsa%”r‘ﬁé”é’ﬁ‘é“%% fghtRIdhe @
repgtlg\e/gsdeo.nmg]l.glg}/aeﬁrtl.lqg at eohl%ll%’t%—&r%ﬂ%ggzg host genes 22, Novel TALEs could be created because
this repetitive region is shared among TALEs, and recombination frequently occurs, as it was recently

2der¥edRabY R-xChpEs: (3: My Zde eBYTie3s MOAreAlEEenKaNR gore SIBGRNSECLIBUERPIHE idetween
baFERACRAYMENE Rasteiia: and Raris dplinbytepathogens by Bdellovibrio bacteriovorus. Can. J.

Microbiol. 2017, 63, 350-358.

2.2. Bacteriophage-Host Bacterium Interactions
28. Marin, V.R.; Ferrarezi, J.H.; Vieira, G.; Sass, D.C. Recent advances in the biocontrol of

WhXainthenigniag spgoyitallcbizsMidsatimloiateshnel X201hn3masXpp. population, it should be highlighted
SR g R BB TR RS PR e AR ERSHS B g s, and the

long-term, survival, of ,a hacteriophage ulation does not .always require th sis_of jts host. Therefare,
fhicrOpiomes for heeﬁﬁuer c'?op% ahg SoNS usmg%eneflma?,yenw?onmen%a'ﬁ'y 2afe baclena. éan. g
bacteriophages are not predators, but either parasites or parasitoids of the host [24],
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Badwidopbinle2@28, ibfecObadieda located in biofilms, albeit biofilms can provide a barrier for bacteriophage

A A S 8 R R o S A oTo Rt R By A el Ry o e S A p L LMD RS
comnp])oaj%& tae iofiims, the secreted EPS a\nd We differentjal diSpl%P/ of rec?Ptors ({n the hoslt cell’ surface 941,
ediatea p an{ grOW promoton ahd enhance an{agonls C activities In tomato plants against

Bacteriophages can interact with hiofilm ant nad everal points. In a recent study Yoshikawa et al. 37
SEeant%or%onas vesicatoria. Can. jolgi%mt@g%ﬂo? E&i n prBSS. y
isolated the X. citri jumbo bacteriophage XacN1. They showed that the XacN1l genome encodes potential lytic

AnMHsbegians v LoenlhriiastA(Fh) i Ratiicles onFary eMasgeonibavseirakHRRale Ak 2RHRy

to &Qt%omic analysis, lipase, chitinase, and M23 family peptidases were discovered in the bacteriophage XacNL1.
351 GRIEAGE. INATIIRP AT IS 0Y ADG, PERSSPRY, 19, PRRIGHET T fipdlnB 4Bk inijiagebogieriophage
infegtjonyPacteriophages have evolved to counteract the biofilm barrier by using depolymerase enzymes on their
capsids, and can also induce host lysis, allowing bacteriophages to degrade biofilm [2. Furthermore,
B ANRIRN Sy ErbRYG R/ fevelulian: GAmRLAge LUUyRIElY Jiess vxamRiAds. Yo and
IreBilMagnibaciisheacterididaam gheopresgeSE i ing sen dethes drate bt dre dfigfhytoliitintgeied other
QSeediderhmsasnsep. dclippl Bacteciolorl 07 03B sdgawelarlytic lifecycle of bacteriophages 7 or even the

synthesis of virulen%e genes, as demonstrated in X. campestris (28], o
35. Myung, I.S.; Cho, Y.; Lee, Y.H.; Kwon, H.M. Phage typing and lysotype distribution of

Gen S IRLNGS SN AMOLRPYo Gt e AR ALFNHET AHARRBTE AL GARKRNIR KLERsBIRRL v i

a cgr%;[rr]]lﬁjr%ityJ iszr%%g'é &zer%%?ﬁ?s‘lr%bre stable as it can better adapt to the changing environment (229, Prokaryotic

36rusklere\esBetialin, divirmheongses Dovitiitbial dvkystamsrt- 3 L4)isrshecalsseice l4f; bRateritriiades Wine
or P\Elid, sTradermpletdeanumiopegue ncéohiknthothhessphage RiMdrReddnch apwelsNiHikastrated in
in itz epepinagts tHA e Bacteriophanebenopipkein jueckhntosicias deay Aostestraichcavisioly 20§20 ease
in i6Bbuahce 484!l the winner” principle). A consequence of this action will be a fluctuating selection, that

increases diversié/ [103] and strengthens the .community’s stabil_ityl_or adaptation ability. This may cause that
37. Yoshikawa, G.; Askora, A.; Blanc-Mathieu, R.; Kawasaki, T.; Li, Y.; Nakano, M.; Ogata, H.; ,
bacteriophage-based pesticides can support the presence of xanthomonads on the fields when not applied
Yamada, T. Xanthomonas citri jumbo phage XacN1 exhibits a wide host ran(tge and high _
carefully. Integrated disease management together with the agpllcatlon of carefully selected bacteriophages timed
complement of tRNA genes.”Sci. Rep. 2018, 8, 4486.
appropriately could be one solution.

38. Dong, Z.; Xing, S.; Liu, J.; Tang, X.; Ruan, L.; Sun, M.; Tong, Y.; Peng, D. Isolation and
Theclgar@oterifafisd ofedlnoite bp vgdaleodaspu tiranitifgctadenthpravdiag drgraequel gryrdie. idfoBetion,
whigiirom20181s99 AR IpEdixogenicity-related genes, as recently shown in the case of the cherry

3pathoge_n Pseudomonas syringae pv, morsprunorum or in X. albilineans 12411031 | vtic_bacteriophages increase the
9. Nazir, A.; Dong, Z.; Liu, J.; Tahir, R.A.; Rasheed, M.; Qing, H.; Pen .; Tong, Y. Genomi

mutation rate in their host’'s genome, even in genes not related to bacterloplgége resistance/immunity 212, This
analysis of bacteriophage Xoo0-sp13 infecting Xanthomonas oryzae pv. oryzae. Arch. Virol. 2021,

effe]c_:t6 é:al]_ zdéléle 1b206t3hS adaptation (short term) or evolution (long term) processes. These from point of biocontrol

disadva’ntageous features of Iytic bacteriophages (i.e., providing novel genetic material for surrounding bacteria,

4Qchagiig AncDangtidh; latd, id. t7abgssXgetamiE) Bobid Ashiiadin e QbydarintBgagddistasg nfanagement.
HoReRuaneanalysis ahadaikdarBaciedemhrgterdxarspéiwhbialysigeitc bABIEMPRNRS AR¥ZasH Y in
theOmEias. Mjsogeint. Rasrubphagesnca?0gdtdtt bacteria carrying their genomes from superinfection

ABRESIESIF: fuBRAapsaSaYER, hackedayheee, aRIBRIF Shcladpbas e g e e estr
HO'_\'ﬁ%‘f%‘.?%‘b%ﬁ%ﬁ‘&Ee{ &G A e SRR B LyBHRe LyrtE %%AWHM%%@&%&&O&XB&&E&%
resgtggfeeri%(gﬁ[g—os][el%]“ﬂ'ﬁgﬁoagl.trﬁégaaﬁ%d% @&ggm@%_Xanthomonas spp. originates from recombination

events (129 highlights its importance in xanthomonads evolution and adaptation processes. Exchange of virulence

factors between Xanthomonas spp. via HGT was observed in several cases 121,
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4hdPepajtexity bf. (HRciaGie bictdndislgionendratdEimidoe Gendomaf A. XLaritappbgid\gimirSthat Yamedes a
trurfeat€d ppatke| bp Ragangdoiofilencaatjirity bankricsedbdiing dvietal liteeag tiastsXatibetnduas citrus blight
diseasnPéStris pv. campestris, Alone and in Association with a Phage. Microorganisms 2020, 8, 620.

43. ilanni, M.; Paris, D.; .L..; Fulgion .; Rigang, M.M.: Parrilli, E.; Tuting, M.L.; Mar
Es Egggr%p a{g_es’aré:Jl o?t’en s’tr\éYr?-cs)[’)eSci ic, thlile ganeé@o’ actgc% %’e popu’latign IIe\’/e, in Ilﬁlgnghg the’pogull:%’on’s
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TR, LV:AVeaIRi%0 NReE RFRILSIRie disdfh Rt FfipisHEtes, fisgase pranageaen, Bragiers, ~-
Obrpfpvi e tadREiRs! YREOUGSHMBYINAIRNSE! AR SHIHTF6HRIEBRIGISPIRAR RSO AL dpiRato bacterial
sPogevelfsthertalnemieibm sRalis b RopBLHIBY iltipAftsTipRhrA A orBItAIRteMBs O RilopNd syzose,

redyeeghbacterial spot of tomato in a greenhouse [136] 45 well as in the field [238], Recently, Abrahamian et al. (140
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