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SUMMARY

Many plant bacteriologists, if not all, feel that their particular
microbe should appear in any list of the most important bacterial
plant pathogens. However, to our knowledge, no such list exists.
The aim of this review was to survey all bacterial pathologists with
an association with the journal Molecular Plant Pathology and ask
them to nominate the bacterial pathogens they would place
in a "Top 10" based on scientific/economic importance. The survey
generated 458 votes from the international community, and
allowed the construction of a Top 10 bacterial plant pathogen list.
The list includes, in rank order: (1) Pseudomonas syringae patho-
vars; (2) Ralstonia solanacearum; (3) Agrobacterium tumefaciens;
(4) Xanthomonas oryzae pv. oryzae; (5) Xanthomonas campestris
pathovars; (6) Xanthomonas axonopodis pathovars; (7) Erwinia
amylovora; (8) Xylella fastidiosa; (9) Dickeya (dadantii and solani);
(10) Pectobacterium carotovorum (and Pectobacterium atrosepti-
cum). Bacteria garnering honourable mentions for just missing out
on the Top 10 include Clavibacter michiganensis (michiganensis
and sepedonicus), Pseudomonas savastanoi and Candidatus
Liberibacter asiaticus. This review article presents a short section
on each bacterium in the Top 10 list and its importance, with the
intention of initiating discussion and debate amongst the plant
bacteriology community, as well as laying down a benchmark. It

*Correspondence: Email: gary.foster@bristol.ac.uk

tPresent address: Department of Chemical and Process Engineering, Thai-German Graduate
School of Engineering, King Mongkut's University of Technology, North Bangkok, Bangkok
10800, Thailand.

will be interesting to see, in future years, how perceptions change
and which bacterial pathogens enter and leave the Top 10.

INTRODUCTION

Recently, the journal Molecular Plant Pathology considered which
viruses would appear in a Top 10 of plant viruses based on their
perceived importance, scientifically or economically, in terms of
the views of the contributors to the journal (Scholthof et al.,
2011). This was followed by a similar review on fungi (Dean et al.,
2012). These surveys were carried out as many papers, reviews
and grant applications claim that a particular plant virus or fungal
pathogen is of huge importance, and this is probably rightly so.

As a result of the interest generated by the plant virus and
fungal pathogen surveys, a similar survey was carried out for plant
pathogenic bacteria and, as before, bacterial pathologists with
an association with the journal Molecular Plant Pathology were
contacted and asked to nominate three plant pathogenic bacteria
that they would expect to see in a list of the most scientifically/
economically important bacterial pathogens. The review, by its
very nature, is similar in format and layout to the Top 10 Virus and
Top 10 Fungal Reviews (Dean et al., 2012; Scholthof et al., 2011).

The survey generated 458 votes from the international commu-
nity, and allowed the construction of a Top 10 bacterial plant
pathogen list for the journal Molecular Plant Pathology (see
Table 1).

The bacterium, or group of pathovars, making the strongest
appearance on scientific and economic grounds is Pseudomonas
syringae, with many voters grouping the various pathovars

© 2012 THE AUTHORS
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Table 1 Top 10 bacterial plant pathogens. The

table represents the ranked list of bacteria as Rank Bacterial pathogen Author of bacterial description
voted for by plant bacteriologists associated 1 Pseudomonas syringae pathovars John Mansfield
with the journal Molecular Plant Pathology. 2 Ralstonia solanacearum Stéphane Genin
3 Agrobacterium tumefaciens Shimpei Magori, Vitaly Citovsky
4 Xanthomonas oryzae pv. oryzae Malinee Sriariyanum, Pamela Ronald
5 Xanthomonas campestris pathovars Max Dow
6 Xanthomonas axonopodis pv. manihotis Valérie Verdier
7 Erwinia amylovora Steven V. Beer
8 Xylella fastidiosa Marcos A. Machado
9 Dickeya (dadantii and solani) lan Toth
10 Pectobacterium carotovorum (and P. atrosepticum) George Salmond

together, and others voting for individual pathovars. It is clear that
P. syringae has had a huge impact on our scientific understanding
of microbial pathogenicity, and continues to cause economically
important plant diseases.

In second place is Ralstonia solanacearum, which rates very
highly on economic importance worldwide, especially as it has a
very broad host range, with affected crops ranging from potato to
banana.

In third position is Agrobacterium tumefaciens, making a very
strong appearance based primarily on its scientific importance.
Although this bacterium can cause significant damage in parti-
cular crops, its role in scientific breakthroughs and applications
clearly attracted votes.

In fourth, fifth and sixth positions are Xanthomonas species,
all clearly distinctive in their pathology and host targets, with
each attracting significant votes as individuals. In fourth and sixth
positions are xanthomonads with relatively specific crop targets,
namely Xanthomonas oryzae pv. oryzae, one of the most serious
pathogens of rice, and Xanthomonas axonopodis pv. manihotis,
the causal agent of cassava bacterial blight (CBB). Xanthomonas
campestris pathovars, which cause diseases in a range of crops
worldwide, reached fifth position.

In seventh position comes Erwinia amylovora, which causes
the well-known fire blight disease of ornamentals, fruit trees and
bushes. This disease has significant scientific history and is of
continuing economic importance.

Xylella fastidiosa rightly has a place in the Top 10 in eighth
position, as it is associated with several important diseases of
crops and trees. It also has the important scientific claim of being
the first phytopathogen (outside of plant viruses) to have had its
genome sequenced.

For the entry in ninth position, it was decided to group two
species of Dickeya together, namely Dickeya dadantii and solani,
as Dickeya attracted significant votes, many of which were simply
referred to as Dickeya spp. This is perhaps understandable as the
taxonomy of these bacteria may be described as being in a state
of flux. Indeed, the name Dickeya solani has not been officially
accepted, but it is clear that Dickeya spp. cause economically
important diseases, particularly in potato.

© 2012 THE AUTHORS

The final entry in tenth place is Pectobacterium carotovorum
(also covering P. atrosepticum), meriting a place in the Top 10
because of the economic losses linked with the soft rot diseases,
but also being responsible for several scientific milestones. This is
in addition to some long-standing translational breakthroughs,
such as involvement in the treatment of some leukaemias.

Although the aim of this review article was to identify the views
of contributors to Molecular Plant Pathology with regard to the
Top 10 most important plant pathogenic bacteria, the authors are
very much aware that importance and priorities can vary locally
across continents and disciplines. We are also aware that not all
bacteria can make it into any Top 10, for obvious numerical limits,
although such bacteria can still be regarded as hugely important.
We therefore felt it appropriate to make honourable mentions to
bacteria just missing out on the Top 10 list, including Clavibacter
michiganensis (michiganensis and sepedonicus) (Eichenlaub
and Gartemann, 2011), Pseudomonas savastanoi (Rodriguez-
Palenzuela et al., 2010) and Candidatus Liberibacter (pv. asiaticus)
(Duan et al., 2009), all clearly important.

This review contains single-page descriptions of the Top 10,
including illustrative figures and key references for further reading.
We hope that the review triggers discussion and debate amongst
the plant bacteriology community, as well as laying down a bench-
mark. It will be interesting to see how perceptions change in
future years and which bacteria enter and leave the Top 10 list.
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1. PSEUDOMONAS SYRINGAE PATHOVARS

It seems a little unfair that a team of pathovars has been voted for an award,
a bit like a relay team winning the 400-m individual Olympic gold medal. It
may of course be argued that the pathovar designation is really unjustified
and that we are dealing with one remarkably versatile single species, Pseu-
domonas syringae. This debate is now being resurrected by the emerging
detail from genomic sequencing. The criteria for this award were importance
to basic science and impact on food production and/or the environment—
P. syringae scores heavily on all counts.

The economic impact of P. syringae is increasing, with a resurgence of old
diseases, including bacterial speck of tomato (pv. tomato; Shenge et al.,
2007), and the emergence of new infections of importance worldwide, such
as bleeding canker of horse-chestnut (pv. aesculi; Green et al., 2010). The
European Handbook of Plant Diseases (Smith et al., 1988) describes 28
pathovars, each attacking a different host species. We can now add pv.
aesculi to this list. Several pathovars cause long-term problems in trees, often
through the production of distortions and cankers (e.g. pathovars savastanoi
and morsprunorum). Infections of annual crops are more sporadic, and
outbreaks are often caused by sowing contaminated seed. Many reports
highlight the seed-borne nature of P. syringae, but it is a remarkably adap-
tive pathogen, emerging in some apparently bizarre sites, such as snow melt
waters (Morris et al., 2007). Once new infections have established, given
favourable conditions of rainfall and temperatures, disease outbreaks are
often devastating, as observed with bean halo blight caused by pv. phaseoli-
cola (Murillo et al., 2010).

Research into the molecular biology of virulence and plant defence
against P. syringae has opened up new insights into microbial pathogenicity,
not only with regard to plants but also with more general significance to
human diseases. Pathovars phaseolicola and tomato have emerged as excel-
lent models for fundamental studies on bacterial attack and plant defence
(Arnold et al., 2011; Preston, 2000). Notable examples are discoveries
concerning the hypersensitive response and pathogenicity (hrp) gene cluster
encoding the type Il secretion system (see Fig. 1), effector trafficking and
host targets for defence suppression (Huynh et al., 1989; Jovanovic et al.,
2011; Kvitko et al., 2009; Li et al., 2002; Zhang et al., 2010).

Pseudomonas syringae leads the field in the impact of high-throughput
sequencing technologies on our understanding of pathogenicity. Remark-
ably, the prediction by O'Brien et a/. (2011) that,". . . at least two dozen new
P. syringae genomes will be released this year’, has been proven to be
correct with the publication of the landmark study by Baltrus et a/. (2011). So
far, a perhaps unexpected feature is that pathovars colonizing strongly
unrelated plants are being closely grouped together, for example pv. savas-
tanoi (olive) and pv. phaseolicola (bean) both lie within the same clade.
Genomic analysis, initiated by Joardar et al. (2005) and Lindeberg et al.
(2008), has perhaps the most potential for unravelling the determinants of
host specificity. As more genomic sequences are completed, further insight
should be gained into the still puzzling role of effector proteins and toxins in
defining host range within the species.

Pseudomonas syringae pathovars represent not only the premier plant
pathogenic bacterial grouping, but would also probably top the all time
pathogen charts including fungi and oomycetes. Research on the effector
biology of the filamentous pathogens is very much following in the wake
of advances made with P. syringae (Cunnac et al., 2009; Hann et al., 2010;
Oliva et al., 2010).

Fig. 1 The type Il secretion system (T3SS) of Pseudomonas syringae pv. tomato. (A) Putative basal body of the T3SS released from membrane preparations after
growth in hrp inducing medium. The arrow marks the attachment point of the Hrp pilus. Bar, 25 nm. (B) False colour image of the Hrp pilus gold labelled with
antibodies to the subunit protein HrpA, emerging from the bacterial surface. Bar, 50 nm. Both images kindly provided by lan Brown (University of Kent).
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2. RALSTONIA SOLANACEARUM

Ralstonia solanacearum is probably the most destructive plant pathogenic
bacterium worldwide. One of the reasons for this is that the R. solanacearum
species is composed of a very large group of strains varying in their geo-
graphical origin, host range and pathogenic behaviour (Denny, 2006; Genin,
2010). This heterogeneous group is nowadays recognized as a ‘species
complex” which has been divided into four main phylotypes (phylogenetic
grouping of strains). The species as a whole has a very broad host range,
infecting 200 plant species in over 50 families, and is the causal agent of
potato brown rot, bacterial wilt of tomato, tobacco, eggplant and some
ornamentals, as well as Moko disease of banana.

Ralstonia solanacearum is a soil-borne pathogen that infects plants
via wounds, root tips or cracks at the sites of lateral root emergence. The
bacterium subsequently colonizes the root cortex, invades the xylem vessels
and reaches the stem and aerial parts of the plant through the vascular
system (Fig. 2). Ralstonia solanacearum can rapidly multiply in the xylem up
to very high cell densities, leading to wilting symptoms and plant death.

The direct economic impact of R. solanacearum is difficult to quantify, but
the pathogen is extremely damaging because of its wide geographical dis-
tribution and host range; on potato alone, it is responsible for an estimated
US$1 billion in losses each year worldwide (Elphinstone, 2005). The incidence
of the disease is particularly dramatic for agriculture in many developing
countries in inter-tropical regions in which R. solanacearum is endemic. In
areas in which the organism has quarantine status, it is also responsible for
important losses because of regulatory eradication measures and restrictions
on further production on contaminated land. Disease management remains
limited and is hampered by the faculty of the pathogen to survive for years
in wet soil, water ponds, on plant debris or in asymptomatic weed hosts,
which act as inoculum reservoirs. Breeding for resistance, although effective
in a few cases, is hampered by the broad diversity of the pathogenic strains.

As a root and vascular pathogen, R. solanacearum is a model system for
the study of bacterial pathogenicity. The bacterium was one of the first plant
pathogen genomes to be entirely sequenced (Salanoubat et al., 2002), and
the development of pathosystems with model plants, such as Arabidopsis,
or the lequme Medicago truncatula has facilitated genetic and molecular
studies on both the plant and bacterial partners. The pathogenicity of
R. solanacearum relies on a type Il secretion system, and many studies have
been conducted on this topic since the first description of a hrp mutant
phenotype by Boucher et al. (1985). Many other pathogenicity factors have
been identified and characterized, whose expression is orchestrated by an
atypical quorum-sensing molecule structurally related to the diffusible signal
factor (DSF) family (Flavier et al., 1997).

Future research in this field will include a better understanding of the
molecular bases underlying the adaptation of this versatile group of strains
to such a diverse range of hosts. Another major task to address is how
our increasing knowledge of the sophisticated mechanisms developed by
R. solanacearum to promote plant susceptibility could be used to engineer
novel and durable protection strategies to fight this devastating disease.

© 2012 THE AUTHORS
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Fig. 2 Ralstonia solanacearum (A, photograph J. Vasse) and disease wilting
symptoms on tomato (B) with bacteria oozing from the vascular system after
stem section (C).
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3. AGROBACTERIUM TUMEFACIENS

More than a century ago, Smith and Townsend (1907) identified Agrobacte-
rium tumefaciens as the causative agent of crown gall tumour, one of the
most serious plant diseases affecting various crop species worldwide. In
nature, this soil-borne bacterium induces neoplastic growths (Fig. 3) at
wound sites on host plants and severely limits crop yield and growth vigour.
This deleterious effect of A. tumefaciens has unquestionably contributed to
a driving force behind long-lasting Agrobacterium research. However, A. tu-
mefaciens is not just another phytopathogen, but possesses a very rare
feature: the ability for genetic transformation.

The ‘Eureka’ moment came in the late 1970s when Mary-Dell Chilton and
Eugene Nester with their colleagues demonstrated that the specific DNA
segment (now known as the T-DNA) of the bacterial tumour-inducing (Ti)
plasmid was present in the genome of infected plant cells (Chilton et al.,
1977). This landmark discovery cast the spotlight on Agrobacterium as
the first organism capable of trans-kingdom gene transfer. Since then, a
great deal has been learned about the molecular mechanisms underlying
A. tumefaciens-mediated genetic transformation, which has emerged as a
highly complex process regulated by numerous bacterial and host factors
(reviewed by Gelvin, 2010; Pitzschke and Hirt, 2010; Tzfira and Citovsky,
2002; Zupan et al., 2000). Briefly, A. tumefaciens perceives phenolic com-
pounds exuded from plant wound tissues and activates the expression of
several effectors, termed virulence (Vir) proteins. Some of these factors
mediate the generation of a single-stranded copy of T-DNA (T-strand) and its
transport into the host cell through a type IV secretion system. In addition to
the T-strand, several Vir proteins are also translocated into plant cells. These
exported effectors, together with multiple host factors, facilitate the nuclear
import of the T-strand and its subsequent integration into the host genome.
Finally, genes involved in auxin and cytokinin biosynthesis are expressed
from the integrated T-DNA, leading to abnormal cell proliferation in the
infected tissues and the formation of tumours, i.e. crown galls (Fig. 3).

Although the details on its molecular basis are still emerging, the discov-
ery of the Agrobacterium-mediated genetic transformation of plants ushered
in a new era of plant molecular biology. In 1983, Chilton and colleagues
reported that an engineered T-DNA carrying a foreign gene could be trans-
ferred to tobacco plants and maintained through regeneration (Barton
et al., 1983). Since this first demonstration of transgenic plants, substantial
conceptual and technical advances have been achieved to make the
Agrobacterium-mediated genetic engineering of plants more feasible in the
daily practice of basic research as well as biotechnology (Fig. 4). For
example, the advent of binary vectors, a system of two separate replicons
that house the T-DNA and virulence genes and function in both Escherichia
coli and A. tumefaciens, has made it much easier to manipulate the T-DNA.
Owing to its incredibly wide host range, which, under laboratory conditions,
includes most eukaryotic organisms (Lacroix et al., 2006), high efficiency and
sophisticated modern transformation technology, A. tumefaciens is now a
transformation vehicle of choice for the genetic manipulation of most plant
species, including the model plant Arabidopsis thaliana, as well as numerous
fungal species.

Agrobacterium tumefaciens never ceases to amaze plant biologists and
pathologists. Even after 100 years of research, we are still discovering novel
mechanisms that underlie the interactions of A. tumefaciens with its hosts,
and are only beginning to understand how truly clever this pathogen is. For
instance, recent studies have revealed that A. tumefaciens can subvert the
host defence machinery for the active promotion of infection (Djamei et al.,
2007; Zaltsman et al., 2010). In the foreseeable future, therefore, A. tume-
faciens will continue to serve not only as a powerful tool for plant genetic
engineering, but also as an excellent model organism to decipher host—
pathogen interactions.

Fig. 3 A crown gall on cherry trunk caused by Agrobacterium tumefaciens.

Fig. 4 Wild-type tomato plant developing crown gall tumours (left) and
Agrobacterium tumefaciens-resistant transgenic tomato plant generated by
A. tumefaciens-mediated genetic transformation (right) illustrate two
important aspects of A. tumefaciens: one as a pathogen and another as a
tool for genetic engineering (reproduced with permission from Escobar et a/.,
2001).
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4. XANTHOMONAS ORYZAE (ORYZAE)

Bacterial leaf blight (BLB), caused by Xanthomonas oryzae pv. oryzae (Xoo),
is found in both tropical and temperate regions. BLB also occurs in Australia,
Africa, Latin America, the Caribbean and the USA (Mew etal., 1993;
Mizukami and Wakimoto, 1969). Yield losses of 10%-50% from BLB have
been reported (Ou, 1972). Outbreaks of BLB are most common during the
monsoon season in South-East Asia and India (Mew et al., 1993). Rice was
introduced for cultivation into the USA (North Carolina) more than 200 years
ago and has been cultivated in other parts of the USA for over 100 years.
Although many rice diseases have either been introduced or developed on
rice during the history of its cultivation in the USA, Xoo has not established
in the USA. The climates of rice-producing areas in the USA and USA rice
cultivation practices are not conducive to the long-term survival or spread of
Xoo. For these reasons, Xoo is of low risk to US agriculture.

BLB is efficiently controlled by the use of resistant rice cultivars. However,
because Xoo has the capacity to express effectors that suppress some host
defence responses, often this resistance is eventually overcome (Verdier
etal., 2011). Resistance genes of the non-RD pattern recognition receptor
class typically confer long-lasting resistance because they recognize con-
served microbial signatures, which, when mutated, cripple the virulence of
the pathogen (Han et al., 2011; Ronald and Beutler, 2010; Schwessinger and
Ronald, 2012). Control of the disease with copper compounds, antibiotics
and other chemicals has not proven to be effective (Mew, 1989; Singh et al.,
1980).

Xanthomonas oryzae pv. oryzae is a rod-shaped, Gram-negative bacte-
rium. It produces a yellow soluble pigment, called xanthomonadin (Fig. 5),
and extracellular polysaccharide (EPS). EPS is important in the protection of
bacteria from desiccation and for the attenuation of wind- and rain-borne
dispersal (Ou, 1972; Swings et al., 1990). Xoo is disseminated by irrigation
water systems, splashing or wind-blown rain, as well as by contaminated rice
stubble from the previous crop season, which is the most important source
of primary inoculum (Mizukami and Wakimoto, 1969; Murthy and Devadath,
1984). Xoo infects the rice leaf typically through hydathodes at the leaf tip,

Fig. 5 Visualization of Xanthomonas oryzae
pv. oryzae (Xoo) in rice plants. (A, B) Transverse
leaf sections of rice infected with Xoo strain
PX099 expressing the green fluorescence of
rice cultivar TP309 (susceptible) (A) and
TP309-XA21 (resistant) (B). Images were
observed with excitation from 450 to 490 nm
and emitted light collected at 520 nm at 40x
magnification using a Zeiss Axiophot
fluorescence microscope, 12 days after
inoculation. The bars in (A) and (B) represent
50 um. (C) Scanning electron micrograph of
Xoo cells in the xylem vessel of a rice leaf. (D)
Close-up of Xoo-infected rice leaf. Bacterial
cells fill the xylem vessels and ooze out at
hydathodes, forming beads or strands of
exudate on the leaf surface, a characteristic
sign of the disease. Photographs in (A) and (B)
courtesy of S. W. Han (reprinted from BMC
Microbiol. 2008; 8: 164). Photograph in (C)
courtesy of J. Leach (reprinted from Mol. Plant
Pathol. 2006; 7(5): 303—324). Photograph in
(D) courtesy of the Bureau of Rice Research
and Development, Thailand
(http:/Awww.brrd.in.th).
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broken trichomes, leaf margins and wounds in the leaves or roots, multiplies
in the intercellular spaces and enters into xylem vessels (Fig. 5) (Noda and
Kaku, 1999; Ou, 1985; Park et al., 2010). Within a few days of infection,
bacterial cells and EPS fill the xylem vessels and ooze out from the hydath-
odes, and form beads of exudate on the leaf surface, a characteristic sign of
the disease and a source of secondary inoculum (Mew et al., 1993).

Similar to Xanthomonas campestris pv. campestris (Xcc), Xoo also
produces a range of virulence factors, including EPS, extracellular enzyme
and type IIl effectors, which are essential for virulence (Mole et al., 2007).
Xoo employs two different types of quorum-sensing factors, DSF and Ax21
(activator of Ax21-mediated immunity), a small, N-terminally processed, type
| secreted protein (Han et al., 2011; He et al., 2010). A dual role for Ax21 in
quorum sensing and in the activation of the host innate immune response
has recently been demonstrated (Han et al., 2011). Ax21 mediates biofilm
formation, motility and virulence. Whereas the rpf (regulation of pathogenic-
ity factors) gene cluster is required for DSF-mediated quorum sensing (Jeong
et al., 2008), rax genes are required for Ax21-mediated quorum sensing (Lee
etal., 2006). Ax21 is broadly conserved in all Xanthomonas species and
in related genera, and some of these orthologues can also activate XA21-
mediated immunity (Lee et al., 2009).

The genome sequences of three Xoo strains (MAFF311018, KACC10331,
PX099A) have been completed (Lee et al., 2005; Ochiai et al., 2005; Salzberg
et al., 2008) and the genome sequencing of eight additional Xoo strains is
underway (Verdier et al., 2011). Comparative genomic analysis of different
Xoo strains has revealed a large number of genomic rearrangements and
transcriptional activator-like (TAL) effector gene recombinations, as well as a
large number of insertion sequence (IS) elements (Ochiai et al., 2005; Ryan
et al., 2011; Salzberg et al., 2008). Several genetic studies have suggested
that the activity of IS elements and recombination among TAL effector genes
have contributed to the diverse race structure within Xoo (Ochiai et al.,
2005; Ponciano et al., 2004; Rajeshwari and Sonti, 2000). The comparative
analysis of the genomic sequence has facilitated an understanding of the
diversity and evolution of Xoo (Salzberg et al., 2008). Complete genome
sequences have also facilitated the development of markers that are useful
for epidemiological studies.
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5. XANTHOMONAS CAMPESTRIS PATHOVARS

Pathovars of Xanthomonas campestris cause diseases of agronomic impor-
tance throughout the world. Among the most notable of these pathogens are
Xanthomonas campestris pv. campestris (Xcc), the causal agent of black rot
of crucifers that affects all cultivated brassicas, X. campestris pv. vesicatoria
(Xcv), now reclassified as X. euvesicatoria, the causal agent of bacterial spot
of pepper and tomato, and X. campestris pv. malvacearum (Xcm, now
X. axonopodis pv. malvacearum), which causes angular leaf spot of cotton.
The diseases caused by these bacteria are particularly severe in regions with
awarm and humid climate, although black rot is also economically important
in temperate regions, e.g. in Cornwall and other western areas of the UK. Xcc
is also important as a producer of the EPS xanthan, which is used as a food
additive and in the pharmaceutical and oil-drilling industries.

Studies of these bacteria have had considerable scientific impact, which
has not been restricted to the discipline of molecular plant pathology. Work
on Xcm provided the first demonstration for the hypothesis that a gene-for-
gene pattern governs interactions between bacterial pathogens and plants
(Gabriel et al., 1986). Work on Xcv established the genetic basis of the
triggering of disease resistance in pepper, leading to the isolation of genes
specifying avirulence on pepper cultivars containing the Bs1, Bs2 or Bs3 (for
bacterial spot) resistance genes (Boch and Bonas, 2010; Minsavage et al.,
1990). AvrBs3 is the paradigm member of the large family of TAL type Ill
effector proteins in Xanthomonas spp. It was subsequently established that
this effector is translocated to the nucleus of the plant cell, where it influ-
ences gene expression by binding to plant promoters (Boch and Bonas,
2010). The ‘code’ governing promoter recognition by the majority of effectors
of this family has been determined (Fig. 6). The knowledge of this code
affords great potential for biotechnology, e.g. by engineering promoters with
boxes for TAL effectors to drive the expression of resistance genes or by
allowing the generation of custom-designed DNA-binding specificities.

Work on Xcc led to the identification of the genes involved in xanthan
biosynthesis (Capage et al., 1987; Vorhdlter et al., 2008) and the rpf gene
cluster, which acts to control the synthesis of extracellular enzymes and

(A)

xanthan, and contributes to virulence. Studies of the function of the Rpf gene
products led to the discovery of the cell—cell signalling system mediated by
DSF, which was subsequently identified as a cis-unsaturated fatty acid (Ryan
and Dow, 2011). The rpf genes involved in DSF synthesis and perception are
conserved in all xanthomonads, including Xylella fastidiosa and Stenotro-
phomonas spp., some strains of which are nosocomial human pathogens.
Furthermore, DSF signalling controls virulence in some, but not all, of these
bacteria, although the precise role differs between organisms (Ryan and
Dow, 2011). RpfG, the regulatory protein involved in DSF signal transduction,
contains a histidine-aspartic acid-glycine-tyrosine-proline (HD-GYP) domain.
Studies in Xcc were the first to establish the regulatory function of an
HD-GYP domain regulator and its enzymatic activity as a phosphodiesterase
degrading the second messenger cyclic di-guanosine monophosphate (di-
GMP) (Ryan et al., 2006). These observations have contributed to an under-
standing of cyclic di-GMP signalling in many organisms, as the HD-GYP
domain is widely conserved in bacteria, including plant, animal and human
pathogens.

(B)
Translocation 17.5 repeats of a near Nuclear Transcription
signal identical sequence, DNA  localization  Activation
binding signals _~"domain
Fig. 6 (A) Black rot disease symptoms on
cabbage caused by Xanthomonas campestris
pv. campestris, showing the characteristic
blackening of the leaf veins (image kindly
provided by Sarah Schatschneider and Karsten
NG IINS | NG NG NG NG Niehaus, University of Bielefeld). (B) Domain
architecture of the AvrBs3 effector showing
the variations at positions 12 and 13 in the
UPA repeats and the nucleotides recognized in the
A TA TAAACCTNNTCTCCTOCT consensus UPA (upregulated by AvrBs3) box
box (see Boch and Bonas, 2010).

© 2012 THE AUTHORS

MOLECULAR PLANT PATHOLOGY (2012) 13(6), 614-629 MOLECULAR PLANT PATHOLOGY © 2012 BSPP AND BLACKWELL PUBLISHING LTD



6. XANTHOMONAS AXONOPODIS

Xanthomonas axonopodis pv. manihotis

The genus Xanthomonas currently consists of 20 species including X.
axonopodis (Vauterin et al., 2000). Six distinct genomic groups have been
defined within X. axonopodis, with many pathovars causing economically
important diseases on different host plants of agronomic significance (Rade-
maker et al., 2005; Young et al., 2008).

Cassava (Manihot esculenta) is the staple food of nearly 600 million
people in the world's tropical regions. Xanthomonas axonopodis pv. mani-
hotis (Xam) is the causal agent of CBB, a major disease, endemic in tropical
and subtropical areas. This foliar and vascular disease severely affects
cassava production worldwide. Losses of between 12% and 100% affect
both yield and planting material (Lozano, 1986; Verdier et al., 2004). Over
recent years, a significant recurrence of the disease has been reported
in different regions in Africa and Asia. Xam induces a wide combination
of symptoms, including angular leaf lesions, blight, wilt, stem exudates
and stem canker (Figs. 7 and 8). Host resistance is still the most effective way
to control this disease. However, no breeding strategy is being developed
for the control of CBB disease. Only two cassava CBB resistance genes
have been identified so far (C. Lopez, personal communication, Universidad
Nacional, Bogota, Colombia). Plant defence responses to Xam have been
well characterized (Fig. 9) (Boher and Verdier, 1995; Boher et al., 1997;
Kpémoua et al., 1996). Genomic tools for cassava, such as a large expressed
sequence tag (EST) database and a cassava microarray, have been developed
and used for Xam—plant expression studies (Lopez et al., 2004, 2005).

The pathogenicity of Xam relies, in part, on a type IIl secretion system
which translocates effectors into plant cells. A strong effect in Xam patho-
genicity has been demonstrated for a small number of effectors, including
transcriptional activator-like effector (A. Bernal, personal communication,
Universidad de Los Andes, Bogota, Colombia). Different pathotypes of Xam
have been reported in different countries in Africa and South America
(Restrepo et al., 2000a; Wydra et al., 2004), and studies using DNA finger-
printing methods have shown that Xam pathogen populations are variable
both within and across Africa, South America and Asia (Restrepo and Verdier,
1997; Restrepo et al., 2000b; Verdier et al., 1993). In Colombia, the existence
of a geographical differentiation of Xam strains in different ecozones has
been shown (Restrepo and Verdier, 1997). The exchange of contaminated
cassava materials has contributed to the migration of strains and, conse-
quently, has influenced the genetic structure of Xam populations. Climate
changes may also influence the genetic diversity and population structure of
Xam (Restrepo et al., 2000b).

Xam is considered as a quarantine organism in all countries that grow
cassava. A simple and fast procedure has been employed to rapidly identify
Xam strains (Ojeda and Verdier, 2000; Verdier et al., 1998), and can easily be
implemented to certify plant materials.

Recently, the sequencing of a Xam genome (Colombian strain CI0151)
was completed at the Universidad de los Andes (Bogota, Colombia) and
the annotation is in progress through the French Xanthomonas consortium
(http://lwww.reseau-xantho.org, http://www.xanthomonas.org). Access to
this and subsequent Xam genomes should open up new applications for the
comparative and functional genomics of Xam, and will accelerate the devel-
opment of new molecular typing techniques useful for epidemiological and
phylogenetic studies of Xam, as well as diagnostic primers. Much remains to
be carried out to improve our ability to combat this economically important
plant disease.

© 2012 THE AUTHORS
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Fig. 7 Bacterial blight symptoms caused by Xanthomonas axonopodis pv.
manihotis: (A) angular leaf spots (Courtesy of V. Verdier, IRD Montpellier,
France); (B) leaf wilting (courtesy of B. Boher, IRD Montpellier, France).

Fig. 8 Scanning electron microscopy showing a large amount of bacteria
near the stomata (Courtesy of V. Verdier, IRD Montpellier, France).

Fig. 9 Xanthomonas axonopodis pv. manihotis in xylem vessels (courtesy of
B. Boher, IRD Montpellier, France).
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7. ERWINIA AMYLOVORA

Erwinia amylovora causes fire blight disease of apple, pear, quince, black-
berry, raspberry and many wild and cultivated rosaceous ornamentals (Van-
neste, 2000). The disease develops sporadically, but, occasionally, it is highly
destructive, especially to young fruit trees that may be killed outright by
infections that girdle the trunk or the rootstock. The pathogen is distributed
widely in temperate regions in which rosaceous plants thrive. It was
described initially as Micrococcus amylovorus, and then Bacillus amylovorus
(Burrill), under the erroneous assumption that it destroys starch. It is Gram
negative, rod shaped and motile with peritrichous flagella. It was renamed
Erwinia amylovora (Burrill) Winslow et a/. in the early 1900s and remains the
type species of the genus (Lelliott and Dickey, 1984). Closely related bacteria
that elicit symptoms reminiscent of fire blight, particularly, but not exclu-
sively, in pear, have been described as new species, e.g. E. pyrifoliae (Kim
et al., 1999) and E. piriflorinigrans (Lopez et al., 2011).

Erwinia amylovora is of great historical importance to phytobacteriolo-
gists in that it was the first bacterium clearly demonstrated to cause disease
in plants shortly after the pioneering work of Pasteur and Koch on bacterial
pathogens of humans and animals in the late 1800s (see Griffith et al., 2003
for the pioneering papers of Burrill, Arthur and Waite). Thus, E. amylovora is
justifiably referred to as the ‘premier phytopathogenic bacterium’.

Symptoms of fire blight were first reported from orchards close to New
York City. From there, the pathogen spread westward and across continents,
particularly during the 20th century. Although E. amylovora is now wide-
spread, stringent quarantine regulations against the movement of rosaceous
plant materials continue, in effect, to prevent the introduction of E. amy-
lovora into areas free, or potentially free, of the pathogen.

The management of fire blight is based on sanitation, cultural practices
and the use of a limited number of bactericides and biological control
products (Johnson and Stockwell, 1998), mainly to combat blossom blight.
An analysis of materials tested for control in recent years in the eastern
USA concluded that, in spite of more than two centuries of knowledge and
‘tremendous research efforts, effective control remains an elusive goal’
(Ngugi et al., 2011). Furthermore, streptomycin, which was introduced more
than 50 years ago, remains the most effective control material in areas in
which sensitive strains of £. amylovora are present. However, in many areas,
resistant strains are prevalent or regulations against the use of antibiotics in
plant agriculture preclude the use of streptomycin. The development of
genetic resistance, particularly in apple rootstocks and scions, holds promise
for the future (Norelli et al., 2003).

Interestingly, the genome of E. amylovora is amongst the smallest of the
plant pathogenic bacteria sequenced so far, at only 3.89 Mb (Sebaihia et a/.,
2010). Its small size is consistent with its lack of plant cell-degrading tools,
which are common to most other phytopathogenic bacteria, e.g. cell wall-
degrading enzymes and low-molecular-weight toxins. Its most important
pathological tools appear to be components of the hrp pathogenicity island
and the exopolysaccharides amylovoran and levan (Oh and Beer, 2005).
The type Il secreted proteins DspA/E and HrpN are essential to pathogenicity
(Bocsanczy et al., 2008), whereas approximately 20 additional proteins that
secrete or regulate the expression of Hrp proteins also play a role. Amylovo-
ran and levan are involved in biofilm formation and pathogenicity (Koczan
etal., 2009). Genomes of several strains and species closely related to
E. amylovora have become available recently. Bioinformatic comparisons
undoubtedly will reveal additional genetic bases for the virulence capability
of the fire blight pathogen.

The developing fruits in Fig. 10 exhibit grey—green watersoaking typical
of fire blight infection, which precedes necrosis, which is apparent on the
dead blossoms at the bottom left and top right of the figure. Several drops
of ooze exuding from infected blossoms and fruits, which contain billions of
cells in a matrix of polysaccharides and plant sap, should be noted. Blossom
cluster infection often leads to devastating losses to pome-fruit growers.

In Fig. 11, the two outer circles depict the genes of £. amylovora on the
forward (outermost) and complementary strands of chromosomal DNA,
respectively. The genes in blue have predicted orthologues in E. coli K12,
whereas the genes in red do not. Loci coloured orange, yellow and purple are
RNA genes. The inner circles depict the predicted orthologous genes of
related organisms. Purple and red indicate genes of enterobacterial plant

pathogens, orange Yersinia, black E. coli, yellow Shigella, green Salmonella,
dark blue enterobacterial endosymbionts (e.g. Sodalis glossinidius) and light
blue Pseudomonas syringae. The absence of a particular colour indicates the
absence of an orthologue. The innermost circle represents genome coordi-
nates. The two plasmids inside the chromosomal diagram follow the same
colour scheme as the two outer circles of the chromosome genome.

Erwinia amylovora

Chromosome
3.80 Mb

/” .
“ l/ﬁ@ﬁmm f m\\@

Wy || ity

R/ /] q.’.lmnuu r .

Fig. 11 Circular representation of the genome of Erwinia amylovora strain
ATCC 49946 (Ea273) and comparison with related genomes. The figure and
legend were provided courtesy of Bryan S. Biehl and Nicole T. Perna
(University of Wisconsin, MI, USA), and Ana Maria Bocsanczy and Steven V.
Beer (Cornell University, Ithaca, NY, USA).
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8. XYLELLA FASTIDIOSA

Xylella fastidiosa (Xanthomonadales, Xanthomonadaceae) is a Gram-
negative, nonflagellate, xylem-limited and nutritional pathogenic bacterium
associated with several important plant diseases, including Pierce’s disease
of grapevine (PD), citrus variegated chlorosis (CVC) and almond leaf scorch
disease (ALSD). Elm, oak, oleander, maple, sycamore, coffee, peach, mulberry,
plum, periwinkle, pear and pecan are also other host species of the bacte-
rium. There is only a single species in the genus, but different strains have
been well characterized as pathotypes, with cross-infections among different
hosts and strains having been reported, but without the development of
disease symptoms.

Xylella fastidiosa was the first phytopathogen to have its genome com-
pletely sequenced (Simpson et al., 2000). The genome size changes from
2475 to 2731 kb between strains, and consists of a circular chromosome
and plasmids. In addition to the pathotype 9a5C (CVC), Temecula-1 (PD) and
others (including Dixon, Ann1, M12, M23 and GB514) have now been
sequenced completely. Genome-wide analyses among strains have revealed
genes unique to each strain (60 of 9a5c¢, 54 of Dixon, 83 of Ann1 and nine of
Temecula-1). Indels and strain-specific genes are the main source of variation
among strains. The Pierce's disease strain Temecula-1 genome represents the
ancestral genome of X. fastidiosa (Doddapaneni et al., 2006). Over the past
10 years, the increasing number of publications related to genomic informa-
tion has considerably expanded our knowledge on the bacterium and its
pathosystems (Chatterjee et al., 2008).

Xylella fastidiosa does not carry a type Ill secretion system, and it is
therefore assumed that this pathogen does not translocate effectors into
plant cells for the elicitation of a host response. This hypothesis is supported
by the fact that, in the xylem vessels, there is only fibre and dead cells, and
the pathogen is introduced into this tissue by its vector, the sharpshooter
leafhopper (Homoptera, Cicadellidae). However, X. fastidiosa has active type
I and type Il secretion systems, which could be associated with the efflux
pump and the secretion of hydrolytic enzymes, respectively, allowing lateral
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movement of the bacterium through pit membranes and the digestion of
plant cell walls.

The development of symptoms in diseases caused by X. fastidiosa is
strictly associated with the ability of the bacterium to spread, colonize and
block xylem vessels. The colonies grow in biofilms, which can occlude xylem
vessels, and reduce water and nutrient transport. The different virulences
exhibited by strains of X. fastidiosa are often associated with differences in
their abilities to spread, colonize and block xylem vessels. Type | and type IV
pili are involved in twitching motility and migration, and attachment and
biofilm formation, respectively. Biofilms are important for this pathogen to
survive in environments with high turbulence, differential pressure and poor
nutrient availability, such as xylem vessels and insect foreguts.

Fig. 12 Symptoms of citrus variegated chlorosis in leaves and plant of sweet
orange (photograph Marcos A. Machado).

Fig. 13 (A, B) Biofilm of Xylella fastidiosa blocking the xylem vessels of sweet orange tree. Photographs in (A) by E.W. Kitajima (Escola Superior de Agricultura Luis
de Queirdz, USP, Piracicaba, SP, Brazil) and in (B) by J.0. Lima (Citrulima Viveiros, Sao Jodo da Boa Vista, SP, Brazil) and Marcos A. Machado.

© 2012 THE AUTHORS

MOLECULAR PLANT PATHOLOGY © 2012 BSPP AND BLACKWELL PUBLISHING LTD MOLECULAR PLANT PATHOLOGY (2012) 13(6), 614-629



624 J. MANSFIELD et al.

9. DICKEYA (DADANTII AND SOLANI)

In 1995, Erwinia chrysanthemi was transferred to the new genus Dickeya
and divided into six species: D. dianthicola, D. dadantii, D. zeae, D. chrysan-
themi, D. paradisiaca and D. dieffenbachiae (Samson et al., 2005). Since
then, it has become clear that some strains do not fall into any of these
species and may constitute new species, e.g. 'D. solani" (Parkinson et al.,
2009; Stawiak et al., 2009). All Dickeya spp. cause economically important
diseases on different plant hosts worldwide, including 10 monocot and 16
dicot families (Ma et al., 2007; Samson et al., 2005). However, D. dadantii
and 'D. solani' have been selected here for two very different reasons.

Dickeya dadantii causes disease mainly in tropical and subtropical envi-
ronments and has a wide host range, including Saintpaulia and potato
(Samson et al., 2005) (Fig. 14). The reason for its inclusion is that D. dadantii
strain 3937 (Dda3937) has been the Dickeya strain of choice for molecular
studies for over 25 years (Diolez and Coleno, 1985). These studies have been
instrumental in our understanding of bacterial plant pathogenesis, including
the roles of exoenzymes and sugar catabolism, iron transport, secretion and
regulation, complementing related studies in other ‘soft rot erwiniae’
(including Pectobacterium carotovorum and P. atrosepticum—see next
section) (Hommais et al., 2008; Kazemi-Pour et al., 2004; Lemanceau et al.,
2009; Rodionov et al., 2004; Toth et al., 2003; Venkatesh et al., 2006; Yang
et al., 2002). Other recent areas of study include plant defence and pathogen
response to defence (Antunez-Lamas et al., 2009; Fagard et al., 2007; Li
et al., 2009; Segond et al., 2009; Yang et al., 2010), pathogenesis in the pea
aphid (Costechareyre et al., 2010) and the interaction between phytopatho-
gens and human pathogens on plants (Yamazaki et al., 2011). The availabil-
ity of a genome sequence for Dda3937, annotated through an international
consortium, combined with functional genomics and systems biology
approaches, is furthering our knowledge of this and related pathogens
(Babujee et al., 2007; Glasner et al., 2011; Kepseu et al., 2010; Yang et al.,
2010) (Fig. 14).

The name 'D. solani" has not yet been officially accepted. However, the
sudden rise to prominence of this ‘species’ in European potato production
has made it worthy of inclusion (Fig. 15). The ‘species’ was first recognized
on potato around 2005, possibly transferring host from an ornamental plant,
and has since spread to many potato-growing regions in Europe and beyond
(Stawiak et al., 2009; Toth et al., 2011; Tsror (Lahkim) et al., 2009). Moreover,
in some regions, it appears to have displaced existing ‘soft rot" pathogens,
possibly as a result of its increased aggressiveness and/or mode of infection
(Czajkowski et al., 2010; Toth etal., 2011) (Fig. 16). In 2010, Scotland
became the first country to introduce legislation in an attempt to keep its
seed industry free from this pathogen; a strategy that has so far succeeded.
'D. solani" causes disease at a range of temperatures, conducive to the
current European climate, but also shows increased aggressiveness in
warmer conditions, raising concerns that climate change could lead to
increased disease problems in the future (Stawiak et al., 2009; Tsror (Lahkim)
et al., 2009). Little is known about the biology of ‘D. solani’, but scientists
(including those studying Dda3937) are working together to better under-
stand the biology of this pathogen and its control.

Fig. 14 Artemis screenshot showing reciprocal best hit analysis of coding
sequences (CDS) between Pectobacterium atrosepticum (top) and Dickeya
dadantii 3937 (bottom). Coloured lines represent orthologues; red, same
orientation; blue, opposite orientation.

Fig. 15 Potato tuber rot caused by 'Dickeya solani’. Fera crown copyright.

0.25cm

Fig. 16 'Dickeya solani' expressing green fluorescent protein (GFP) on potato
roots (courtesy of J. van der Wolf, Plant Research International, Wageningen,
the Netherlands).
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10. PECTOBACTERIUM CAROTOVORUM (AND
P. ATROSEPTICUM)

Pectobacterium carotovorum (Pcc) and Pectobacterium atrosepticum (Pca)
were originally classified as Erwinia carotovora subspecies carotovora and
subspecies atroseptica, respectively. These species (or subspecies) were
members of the soft rot group of erwinias and are taxonomically closely
related to Erwinia chrysanthemi (recently reclassified as multiple Dickeya
species; see previous section).

Pectobacterium  carotovorum is geographically widely distributed,
whereas Pca is largely confined to cooler climates (Pérombelon, 2002;
Pérombelon and Kelman, 1980; Pérombelon and Salmond, 1995; Salmond,
1992; Toth et al., 2003). Pcc is the aetiological agent of soft rot diseases of
several crop plants, and Pca is of particular importance in the commercially
important blackleg disease of potato in temperate regions (Fig. 17)
(Pérombelon, 2002; Pérombelon and Kelman, 1980). These soft rot pecto-
bacteria were important ‘model’ pathogens in the early days of the genetic
analysis of phytopathogenesis. Their taxonomic relatedness to E. coli (family
Enterobacteriaceae) allowed the facile transfer, or development, of many
genetic tools from E. coli to enable the molecular analysis of virulence
(Fig. 18) (see, for example, Diolez and Coleno, 1985; Hinton et al., 1989;
Kotoujansky, 1987; Mulholland and Salmond, 1995; Toth et al., 1993, 1997).
This genetic tractability underpinned the first studies on the structure and
virulence roles of plant cell wall-degrading enzymes (PCWDEs); particularly
assorted pectinases, cellulases and proteases (Hinton et al., 1990; Kotoujan-
sky, 1987; Liu et al., 1994). The central catabolic pathway for plant pectin
degradation and assimilation by the pathogen was extensively investigated.
Moreover, the analysis of the roles of PCWDEs in virulence led to the
discovery of the enzyme secretion systems (type | and type Il secretory
pathways) and the fundamental appreciation that protein secretion systems
operate by common mechanisms in molecular pathogenesis across plant and
animal pathogens (Evans et al., 2009; Salmond, 1994; Wharam et al., 1995).
This acknowledgement of common themes in plant and animal pathogens is
now widespread.

In addition to the role of PCWDE synthesis and secretion in virulence, the
analysis of PCWDE regulation mechanisms in Pcc uncovered the phenom-
enon of ‘quorum sensing’ through which the pathogen controls the elabo-
ration of the virulence determinants in concert with bacterial cell population
density (Barnard et al., 2007; Coulthurst et al., 2007; Jones et al., 1993; Liu
et al., 2008; Pirhonen et al., 1993; Whitehead et al., 2001). The crucial impor-
tance of quorum sensing pectobacterial pathogenesis was confirmed
by studies on genetically engineered plants (Dong et al., 2001; Toth et al.,
2004). Density-dependent control of virulence factors, modulated by freely
diffusible N-acyl homoserine lactone intercellular signalling molecules, is
now a well-established trait of various plant and animal pathogens (Waters
and Bassler, 2005). Furthermore, Pcc was one of the first bacteria shown to
produce 1-carbapen-2-em-3-carboxylic acid, a member of the carbapenem
class of B-lactam antibiotics, and the production of this antibiotic is
co-regulated with the PCWDE virulence factors via quorum sensing (Barnard
et al., 2007; Coulthurst et al., 2005). It has been shown by in planta tran-
scriptomic studies that quorum sensing plays an essential role during plant
infection in the control of several hundred genes encoding diverse products
impacting on the physiology of plant pathogenesis (Liu et al., 2008). These
genes encode traits such as multiple protein secretion pathways (including
type I, Ill, IV and VI machines), secondary metabolite production and an
interesting selection of proteins of unknown function. Studies on PCWDE
regulation have also demonstrated a key role for post-transcriptional control
of gene expression via the RsmAB system (Liu et al., 1998; Mukherjee et al.,
2000), another regulatory system that has been shown to occur in other
plant and animal pathogens.

Pectobacterium atrosepticum was the first enterobacterial phytopatho-
gen to be genomically sequenced and, at the time, this uncovered various
unexpected predicted traits in the pathogen, including the possession of type
IV and type VI secretion machines, the production of new secondary metabo-
lite toxins and nitrogen fixation capability (Bell et al., 2004; Liu et al., 2008;
Mattinen et al., 2008). Furthermore, the genome sequence highlighted fas-
cinating evolutionary relationships between this enterobacterial plant
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pathogen and taxonomically related animal pathogens. In particular, Pca has
been shown to carry a series of genomic islands, some of which are obvious
loci for virulence, and ecological adaptation genes acquired by horizontal
transfer. Genomic information is now available for Pcc strains and other
‘former Erwinia" species now reclassified in the genus Dickeya (see previous
section; Glasner et al., 2008; Ma et al., 2007).

Ecological studies of Pcc (and Pca) have been classically phenomenologi-
cal (Pérombelon, 2002; Pérombelon and Kelman, 1980). However, recent
studies have shown important roles for specific proteins in the possible
ecological dissemination of Pcc by insect vectors, such as Drosophila. Inter-
estingly, the fly also benefits from this interaction with the phytopathogen
through a stimulation of the insect innate immune system (Basset et al.,
2003; Muniz et al., 2007).

Finally, in addition to their agricultural impacts, we should not ignore the
long-standing translational significance of Pectobacterium spp. For example,
a periplasmic L-asparaginase from soft rotting Pcc is used clinically in the
treatment of acute lymphocytic leukaemias and, historically, some related
recombinant Erwinia spp have been considered as possible tools for the
biotechnological manufacture of vitamin C (Robert-Baudouy, 1991).

Fig. 17 Blackleg disease of potato caused by Pectobacterium atrosepticum.
Apparently healthy mother tubers can be seen, but stem rotting is also clear.

Fig. 18 Identification of Pectobacterium mutants affected in potato plant
virulence (stem inoculation assays). Left, wild-type; others, reduced virulence.
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Tomn 10 6akTepHaJbHBIX IATON¢HOB PACTCHUI B MOJICKYJISPHOM MAaTOJI0T MU
pacTeHM .

Pe3rome

MHorue 0akTepHOJIOTH PACTCHHH, €Ci HEe BCE, CUYHMTAIOT, YTO WX KOHKPETHBIH MUKPOO
JOJKeH (pUrypupoBaTh B JTIOOOM CHUCKE HambOoJiee BaKHBIX OaKTePHAIBHBIX MATOTCHOB PACTCHU.
OpHako, HACKOJBKO HaM M3BECTHO, TaKOIO ClHCcKa He cyuiectByeT. Llens aTtoro o03opa cocrosuia B
TOM, 4TOOBI ONPOCHUTH BCEX OaKTepHALHBIX IMAaTOJIOrOB, CBS3aHHBIX C XypHasioM Molecular Plant
Pathology, u monpocuTh X HOMHHHUPOBATH OAKTEPHATBHBIE TATOTEHBI, KOTOPHIE OHHU MMOMECTHIIN ObI B
«ron 10 ;my4ymwux» Ha OCHOBE Hay4yHOM/3KOHOMHYecKOW 3HaunmMocTH. Ompoc cobpan 458 ronocos
MEXAYHapOJAHOIO COOOIIeCTBA M IMO3BOJIMI COCTaBUTh CNHUCOK 10 OCHOBHBIX OaKTepHaIbHBIX
nmaToreHoB pacrenuit. Crmcok BKIOYaeT B mopsjake pamxupoBanus: (1) Pseudomonas syringae
natoBapbl; (2) Ralstonia solanacearum; (3) Agrobacterium tumefaciens; (4) Xanthomonas oryzae pv.
oryzae; (5) Xanthomonas campestris marosapsr; (6) Xanthomonas axonopodis narosapsr; (7) Erwinia
amylovora; (8) Xylella fastidiosa; (9) Dickeya (dadantii and solani); (10) Pectobacterium carotovorum
(u Pectobacterium atrosepticum). bakrepuu, MoJy4UBIINE MOYETHBIE HArpajabl 3a TO, YTO MPOCTO HE
nmomanu B mepByro aecatky, Bkmodaror Clavibacter michiganensis (michiganensis u sepedonicus),
Pseudomonas savastanoi u Candidatus Liberibacter asiaticus. B 3toii 0030pHO#i cTaThe MpeACTaBlIcH
KpaTKHil pa3aen o Kaxaou OakTepuu B cnucke 10 Tydmmx U ee BaKHOCTH C IEJTbI0 MHUITMHUPOBAHUS
JTUCKYCCUU U OOCYXKJIEHUU cpeau cooOmiecTBa 0aKTepHUOJIOTOB PaCTeHUH, a TaKKe IS OTPEICTICHHS
KputepueB. B Ommkaiiiue roapl OyJeT HHTEPECHO MOCMOTPETh, KaK U3MEHHUTCS BOCIIPUSTHE U KaKue
OaKkTepuanbHbIE TATOIeHBl BOMIYT U MOKUHYT MEPBYIO AECATKY.

BBenenue

HenaBuno sxypuanm «Molecular Plant Pathology» paccmoTpen, kakuwe BHPYCBHI BOHMIyT B
JECATKY JIYYIIUX BHUPYCOB PACTCHUH, UCXONS M3 WX IPEANOJaracMoil BaXKHOCTH, C HAYYHOW WIIU
SKOHOMHUYECKOW TOYKH 3PECHHUsS, C TOYKM 3pEHHS MHEHHUH aBTOPOB JKypHajia. 3aTeM MOCIeI0Bal
AHAJIOTUYHBIA 0030p rprOOB. DTH UCCIENOBAaHUS OBUIH TPOBENEHBI, IOCKOJIBKY BO MHOTHUX CTaThsX,
0030pax u 3asBKaX Ha IPAaHTHl YTBEPHKAACTCS, YTO KOHKPETHBINA PACTUTEIBHBIN BUPYC UM TPHOKOBBIN
MaTOreH UMEET OIPOMHOE 3HAYCHHE, U, BEPOSTHO, ITO IPABUIIBHO.

B pesynbrare uHTEpeca, BEI3BAHHOTO MCCIICIOBAHUSIMU PACTUTEIBHBIX BUPYCOB M I'PUOKOBBIX
MaTOrCHOB, AHAJIOTUYHOE OOCIe0BaHUE OBLJIO TMPOBEICHO B OTHOIICHWW IATOTCHHBIX OaKTEepHid
pacTeHuid, U, KaKk 1 paHblle, ¢ OaKTepuoJIoraMu, CB3aHHBIMU C KypHasioM Molecular Plant Pathology,
CBSI3JIMCh U MOMPOCHIIA HA3HAYUTH TPU (DUTONATOTCHHBIC OAKTEPUH, KOTOPHIC OHU OKUIAIOT YBUIETh
B CIIMCKE HamOoJiee BAKHBIX C HAYYHON WJIM 3KOHOMUYECKOW TOoukH 3peHus. O030p 1o camoii cBOeH
MPUPOJIC TOXOXK MO (PopMary U CTPYKType Ha «10 caMbIx MOMYyJSIpHBIX BHPYCOB» U «10 mydmmmx
0030poB 1o rpudam».

Omnpoc cobpan 458 roocoB MEKIYHAPOAHOTO COOOIIECTBA U MO3BOJIMI COCTAaBUThH CIUCOK 10
OCHOBHBIX TaTOI'€HOB OaKTepUaIbHBIX pacTeHu uid xkypHaia Molecular Plant Pathology.

Tabmuuma 1 — Tonm 10 OakTepuanbHBIX NAaTOT€HOB pacTeHuil. B Tabmuue npeacraieH
pPaHKUPOBAHHBIN CIMCOK OaKTEpHii, 32 KOTOPbIE MPOr0JI0COBAIN OAKTEPHOJIOTH PacTEHUH, CBA3aHHbIE
c )xypHasoMm Molecular Plant Pathology.



Rank Bacterial pathogen

Author of bacterial
description

1 Pseudomonas syringae pathovars John Mansfield

2 Ralstonia solanacearum Stéphane Genin

3 Agrobacterium tumefaciens Shimpei Magori, Vitaly
Citovsky

4 Xanthomonas oryzae pv. oryzae Malinee Sriariyanum, Pamela
Ronald

5 Xanthomonas campestris pathovars Max Dow

6 Xanthomonas axonopodis pv. manihotis Valérie Verdier

7 Erwinia amylovora Steven V. Beer

8 Xylella fastidiosa Marcos A. Machado

9 Dickeya (dadantii and solani) lan Toth

10 Pectobacterium carotovorum (and P. George Salmond

atrosepticum)

bakTtepus wim Tpymnma maroBapoB, HaubOosiee SPKO MPOSBISIONIASCS C HAydyHOW U
KOHOMHUYECKOW TOYKH 3peHusi, - 310 Pseudomonas syringae, mpu 3TOM MHOrHe H30HpaTenn
TPYNIUPYIOT pa3jMyHble I[1aTOBapbl BMECTE, a JPYIHME€ TOJIOCYIOT 3a OTIEJIbHbIE I1aTOBAPHI.
CoBepIilieHHO OYeBHIHO, uTo P.Syringae okasajq OrpoMHOE BIMSHHE Ha HaIllle HayYHOEC MOHUMAaHHUE
MaTOT€HHOCTH MUKPOOOB U MPOJIOJIKAET BHI3BIBATH BAKHBIE C SKOHOMUYECKOW TOUKHU 3peHust 00Je3HU
pacTeHui.

Ha BTopom Mecte Haxomutcs Ralstonia solanacearum, skoHoMuYeckasi 3HaYUMMOCTb KOTOPOi
BO BCEM MHpE OYEHb BBICOKA, OCOOEHHO MOTOMY YTO y HEE OYEHb IIUPOKHHA KpPYyr XO03§€B, C
MOopaXeHUEM KYyJIbTYp OT KapTodens Ao OaHaHa.

Ha tpethem Mecte Haxoautcst Agrobacterium tumefaciens, nosyuuBinas BeICOKOE TpH3HAHUE
B MEpBYIO ouepenb Onarogaps CBOEH HAaydyHOH 3HAUMMOCTH. XOTsI 3Ta OakTepwsi MOKET HaHECTH
3HAYUTENBHBIN yIepO OMpeneleHHbIM KyIbTypaM, €€ pOoJib B HAYYHBIX OTKPBITUSX U MPUMEHEHUSIX
SIBHO NPUBJIEKJIa BHUMAHHUE.

Ha uerBepToii, MATON M IIECTON MO3MIMIX HAXOMATCS BHIBI Xanthomonas, Bce OHHM YETKO
pa3nMyaroTcs IO CBOEM IAaTOJOTHMM W MHILEHAM-XO35€BaM, M KaXIbli W3 HUX IPUBJIICKAET
3HAYUTEIBHOE KOJIMYECTBO I'OJIOCOB B OTIEIbHOCTU. Ha yeTBepTol M IIECTOM MO3ULMU HAXOIATCS
KCAaHTOMOHAJIbI C OTHOCHUTENHHO CHEIMU(PUYECKUMH MUIICHIMHU CEIbCKOXO3SIHCTBEHHBIX KYIBTYp, a



uMeHHO Xanthomonas oryzae pv. Oryzae, oauH u3 HauOoOJiee CEPbE3HBIX I[ATOTEHOB puca, M
Xanthomonas axonopodis pv. manihotis, Bo30yaurtens OakrepuaibHOro oxora Manuoku (CBB).
Xanthomonas campestris pathovars, Bbi3biBaromasi 3a0oJieBaHUSI psfa CEIbCKOXO3SHCTBCHHBIX
KYJIBTYp BO BCEM MHpE, 3aHsJIa MATOE MECTO.

Ha cempmom mecte Haxomutcs Erwinia amylovora, Bbi3biBaroias XOpOIIO H3BECTHYIO
OakTepHaibHYyl0 HH(EKIHIO AEKOPATUBHBIX PACTCHHI, (PYKTOBBIX JIEPEBBEB M KyCTApHUKOB. JTO
3a00JIeBaHNE HWMEET 3HAYHUTEIBbHYI0O HAaydYHYI0 HCTOPUI0 M HMMEET IOCTOSHHOE SKOHOMHYECKOE
3Ha4YeHUE.

Xylella fastidiosa o mpaBy 3aHrMaeT BOCbMOE MECTO B JECATKE JIYUIUX, TaK KaK CBsI3aHa C
HECKOJIbKUMH CEPbE3HBIMH 3a00JIEBaHUSIMH CEIIbCKOXO3SHCTBEHHBIX KYIbTYp U JepeBbeB. OHa Takke
MMeeT Ba)KHOE HAyYHOE 3HAUYE€HHE B TOM, YTO OHA SIBJISACTCS TEPBBIM (DPUTOMATOTEHOM (TIOMHUMO
BUPYCOB PacTE€HUM ), FEHOM KOTOPOTO ObLII CEKBEHUPOBAH.

JInst 3amucu Ha JICBATYIO TO3UINIO, OBUIO PEIIeHO CrpynmnupoBarh a8a Buma Dickeya Bmecre,
a umenno Dickeya dadantii u solani, nockonbky Dickeya coOpan 3HaunTEIbHOE KOJMYECTBO TOJIOCOB,
MHOTHE W3 KOTOpBIX ObUIM mpocTo o00o03Ha4deHbl kak Dickeya spp. DTo, BO3MOXXHO, TOHSTHO,
MTOCKOJIBKY CHCTEMAaTHKYy ITHX OaKTepUii MOXKHO OXapaKTEepPH30BaTh KakK IMOCTOSIHHO MEHSIOUIYIOCS.
JletictButensHo, Ha3Banue Dickeya solani odunmansto He nmpunsTO, HO O4YeBHIHO, uTO Dickeya spp.
BBI3BIBAIOT YKOHOMHUYECKH Ba)KHBIE 3a00JI€BaHMS, 0COOCHHO KapTodersi.

Ha mnocnennem gecstom Mecte Haxoautcs Pectobacterium  carotovorum  (takke
BKJIrOuaromas P. atrosepticum), 3aHsBIIMI MeCTO B MEPBOW JECATKE M3-32 SKOHOMHUYECKUX MOTEPb,
CBS3aHHBIX C OOJE3HSMU MATKOM THUJIM, HO TaKXK€ OTBETCTBEHHBIM 3a HECKOJIBKO Hay4dHBIX
JOCTHUXKEHUM. DTO B JIOTMOJIHEHWE K HEKOTOPBHIM JaBHUM OTKPBITHSIM B OOJIACTH TPAHCISALUHU, TAaKUM
KaK y4acTue B JICYEHUU HEKOTOPBIX JICHKO30B.

XO0Ts 1enb 3TOH 0030pHOI CTaThU COCTOSUIa B TOM, YTOOBI BBISIBUTH B3IJISIbl YYACTHUKOB
MOJIEKYJIIPHOW TATOJIOTMH pacTeHuid B oTHomieHun 10 Hambosiee Ba)KHBIX MATOTEHHBIX OaKTEpHit
pacTeHuii, aBTOPbI MPEKPACHO OCO3HAIOT, YTO BaXXHOCTh W IMPHOPUTETHI MOTYT BapbUPOBATHCA B
3aBUCHUMOCTH OT KOHTHHEHTOB M JUCUUIUIMH. MBI TakKe MOHMMAaeM, YTO He Bce OaKTepuu MOTYT
MONacTb B Kakylo-IMOO JECATKY JIYYIIUX H3-32 OYEBUIHBIX KOJMYECTBEHHBIX OTpaHUYEHUM, XOT
Takue OakTepuu BCE €IIe MOILYT CYHMTAaTbCAd Ype3BblYallHO BaXHBbIMU. [losToMy MBI counn
1enecooOpa3HbM 0CO00 OTMETUTh OAKTEpUHU, KOTOPbIE MPOCTO HE BOILIM B cnucok 10 mydmmx,
Bkimoyas Clavibacter michiganensis (michiganensis u sepedonicus), Pseudomonas savastanoi wu
Candidatus Liberibac (pv. asiaticus), Bce 0HH SBHO BasKHBI.

OTOT 0030p CONECPXKUT OAHOCTpaHWYHbIe omucaHus Tom-10, BKiIIOYas WILTIOCTPATUBHbBIC
uudpsl U KIIOYEBbIE CCHUIKU I AalbHENIIero yTeHus. Mbl HajieeMcsi, 4T0 0030p BBI3OBET JUCKYCCUU
U OOCYXIEHHUsS cpelu OaKTEepHOJIOrOoB PACTEHUl, a TaKKe YCTAaHOBHUT OpuUeHTUp. byaer uHTEepecHO
MMOCMOTPETh, KaK M3MEHHUTCSI BOCHpPUATHE B OyAyIIHe roJibl, U Kakue OaKTepuH BOWUIYT U MOKUHYT
cnucok 10 myqmnx.



1. Tlaromapsl Pseudomonas syringae

Kaxercss HEeMHOTO HeclpaBeIIMBBIM, YTO KOMaHJa MaTOBApOB, 32 KOTOPYIO HMPOTOJIOCOBAIN
Ha Harpajy, HEeMHOTO I0X0Xa Ha KOMaHAy dctadersl, Beiurpanieil 400-MeTpoByIO WHAMBHIYATbHYIO
OJIUMITMICKYIO 30JIOTYI0 MeAaidb. KOHEYHO, MOXKHO YTBEpKJIaTh, 4TO OOO3HAYEHHE IaTOBapa
JEWCTBUTENIFHO HEOTPABIAHHO M YTO MBI HMEEM JIEJI0 C OJHUM YAMBHUTEIHHO YHUBEPCAIHHBIM BHIOM
- Pseudomonas syringae. B Hacrosiiiee Bpems 3Ta AMCKYCCHS BO3POXIACTCS B CBSI3U C MOSBJICHUEM
HOBBIX JIeTaJICll CCKBEHUPOBAHUS TeHOMa. KpUTepusMu mpuCyX JACHUS dTOW Harpaabl ObLIN BaKHOCTH
B (yHIAaMEHTAIbHON HayKe W BIMSHUE HA IMPOHM3BOJCTBO MPOAYKTOB NMUTAHHS H/HIU OKPYKAIOIIYIO
cpeny - P. syringae umeeT BBICOKUE OaslIbl IO BCEM ITYHKTaM.

DKoHOMHUYECKOe BiMsHHE P. Syringae Bo3pacTaeT ¢ BO3PaXJICHHEM CTapbiX OOJIC3HEH,
BKJIOYasi OaKTepUabHOE MATHO Y ToMaToB (PV. tomato), 1 nosiBieHHe BaKHBIX BO BCEM MHUpPE HOBBIX
uHQEKIMH, TakuX Kak KpoBOTodaimas s3Ba KoHckoro kamrrana (pv. aesculi). Esponeiickoe
PYKOBOOCMBO NO PACMUMENbHbIM 3a00/1e6aHusM OTHCHIBACT 28 MaToBapOB, KaXKIBIM U3 KOTOPBIX
aTaKkylT pa3Hble BHIbI X03seB. Celiuac Mbl MOXKeM J00aBUTh B TOT crucok pv. aesculi. Hekotopsie
MaTOBaphI BBI3BIBAIOT JOJITOCPOYHBIE TIPOOIEMBI C IEPEeBbSIMHU, YaCTO U3-3a 00pa3oBaHus 1edopMarmi
U s3B (HampuMep, maToBapsl savastanoi m morsprunorum). 3apakeHue OJHOJCTHUX KYJIbTYP HOCHT
OoJiee CrIOpaMUYecKHii XapaKkTep, a BCIBIIKHA 3a00JIEBaHUI YacTO BO3HHKAIOT B pe3yJbTaTe IMOCEBa
3apaXCHHBIX CeMsH. Bo MHOTHX COOOIICHUSX MOJ4YepKHUBaeTcs, uto P. Syringae mepemaetcs uepes
CEeMEHa, HO ATO 3aMeuaTelIbHO aJalTUBHBIA MATOTEH, MOSBIISIOIIUICS B HEKOTOPHIX, Ka3ajoch OFI,
HEOOBIYHBIX MeECTaX, TaKWX KakK Taible BOIBI cHera. [Ipw TOsBICHMM HOBBIX HWH(EKIWH, TpU
ONMarompUATHBIX  YCIOBUSAX JOXKAS M TEMIEparypbl, BCIBIIIKKA OOJIE3HEH YacTo OBIBAIOT
paspymuTeIbHBIMHU, KaK 3T0 HaboaaeTcs mpu GpurodTopose daconu, Bei3BanHoM Pv. phaseolicola.

HccnenoBanuss MOJIEKYJISIpHOW OWMOJIOTHHM TIO BUPYJICHTHOCTH W 3amliuTe pacTeHuit ot P.
Syringae OTKpBUIM HOBBIE BO3MOXKHOCTH U MOHUMAHUS TMATOTCHHOCTH MHUKPOOOB HE TOJIBKO B
OTHOIIICHWH PACTEHH, HO U B OoJiee o0IeM IutaHe Jutst OoiesHeit yenoseka. [Tarosaper phaseolicola u
tomato cranu OTIMYHBIMU MOJEISAMU sl HYHIAMEHTAIBHBIX UCCIICIOBaHUI OaKTepHaIbHOW aTaku U
3alIUTHl pacTeHWil. SIpKUMH TpUMEpaMu SIBIITIOTCS OTKPBITHS, Kacaroluecs Kiactepa TI'€HOB
THIIEPYYBCTBUTEIBHOTO OTBeTa M marorenHoctu (hrp), xomupyromero cuctemy cekpermu |l Tuma,
ahdexTopHOrO Tpaduka U MUIICHEH XO3sIMHA IS TTOJABICHUS 3aIUTHI.

Pucynoxk 1

Cucrema cexperuu |11 tuma (T3SS) Pseudomonas syringae pv. tomato. (A) Ilpeamnonaraemoe
0azanbHOE Tenbile T3SS, BEICBOOOXKACHHOE U3 MEMOpaHBbI MOCIIE PocTa B cpeje, HHAynupyoIiei hrp.
Crpenxoii otMeueHa Touka npukpemienus Hrp-muns. bap, 25 M. (B) LiBetnoe mzobpaxkenue Hrp



WIS, MEUEHHOTO aHTUTeNlaMH K cyObenuuuie Oenka HrpA, BBIXOZISIIEro ¢ MOBEPXHOCTU OAKTEPHUH.
bap, 50 um.

Pseudomonas syringae JTUIUPYET B obmactu BIIMSIHUS TEXHOJIOT Uit
BBICOKOTIPOU3BOIUTEIHHOTO CEKBEHUPOBAHMS HA Hallle IOHMMaHHE MaToreHHocTH. llpumedaTensHo,
yto npenckazanue O’bpaiieHa ¢ coaBTopaMu, 4TO 110 KpaiHel Mepe, Ba IecaTka HOBBIX TeHOMOB P.
syringae OyxayT BBINYIICHBI B 3TOM TOJYy», OBUIO TIOATBEPXKICHO MYyOIMKALUCH 3HAKOBOI'O
uccinenoBanus Baltrus ¢ coaBropamu. IToka 4TO, BO3MOXKHO, HEOKUIAHHOW OCOOCHHOCTBIO SIBIISIECTCS
TO, YTO IATOBApHl, KOJOHHU3HMPYIOUINE CHIBHO HEPOICTBEHHBIC PACTEHHS, TECHO CrPYIIUPOBaHBI
BMeCTe, HampuMmep PV. savastanoi (onmskoBoe) u pv. phaseolicola (dacoss) 06a nexat B 0AHO# Kitaze.
I'enomubIil ananmu3, wuHUnMHpoBaHHBIM Joardar u Lindeberg, Bo3MokHO, WMeeT HaMOOJbIINN
MOTEHIMAJ JJISI PACKPBITHS JIETEPMUHAHT CHEeNM(PUIHOCTH X03suHA. [lo Mepe co3maHus OOJbBIIEro
KOJIMYECTBAa TEHOMHBIX TIOCIIEIOBATEIBHOCTEN JOJDKHO OBITh IMOJIy4eHO AajbHEWIee MOHNMaHHE BCe
erie 3araJiouHo posin 3(hHEKTOPHBIX OEIKOB U TOKCHHOB B OINPEACIICHUH JTUaIla30Ha X035€B BHYTPH
BHJIA.

[MaroBaper Pseudomonas syringae mpeacTaBisiOT co0OW HEe TOJBKO OCHOBHYIO TPYIITY
MAaTOTCHHBIX OaKTepHil pacTeHWid, HO TaKXe, BEPOSTHO, BO3MIIABISIOT CHHCOK BCEX MATOTCHHBIX
MHUKpPOOPIraHW3MOB, BKJIOUas IpuObl 1 ooMulieThl. MccnenoBanust 3ppeKTopHOil OHOJOTUN HUTYATHIX
MaTOreHOB BO MHOTOM CJIEZTYIOT 3a yCIieXaMH, JOCTUTHYThIMU ¢ P. syringae.

2.  Ralstonia solanacearum

Ralstonia solanacearum Bo3MOXHO camas pa3pylIHTeIbHas (PUTOMATOreHHAs OaKTEpHs BO
BceMm Mupe. OJIHa M3 MPUYMH JUIS 3TOTO TO, 4TO BUABI R. solanacearum coctosiT u3 o4YeHb OOJIBIION
TPYNIbl MITAMMOB, Pa3IUYAIONIMXCS IO CBOEMY TIeorpa@uueckoMy MPOUCXOKICHHUIO, TUANa30Hy
X035IeB U MATON€HHOMY IIOBEIEHUIO. ODTH TeTepOreHHbIe TPYIMIbI B HACTOSIEE BpeMsl MpPU3HAHbI
«KOMILJIEKCOM BHJIOBY», KOTOPBIN pa3fiefieH Ha 4YeThlpe OCHOBHBIX (uiotumna ((uaoreHeTHuecKue
TPYNIBI ITaMMOB). Buj B 11€J10M ©MeeT OYeHb MUPOKUI KPYT X03s51eB, 3apakas 200 BUIOB pacTCHUH B
O6onee uyem 50 cemeiicTBax, U sBISETCS BO30yAWTENEM KOPUYHEBOM THHIM KapToders,
OaKTepuaNbHOrO YBSAAHUS TOMATOB, Tabaka, OakIa)kaHOB M HEKOTOPBIX JEKOPATUBHBIX PACTCHHIA, a
TaKke 60s1e3H1 Moko y OaHaHOB.

Ralstonia solanacearum - 5To MOYBEHHBIH MATOr€H, KOTOPBIA MOpPAKaeT PACTEHUS 4Yepes3
paHbl, KOHYMKH KOPHEW WM TPEHIMHBI B MeCTaxX MpopacTaHUsi OOKOBBIX KOpHEil. 3aTem OakTepus
KOJIOHU3HPYET KOPY KOPHsI, TPOHUKAET B COCY/IbI KCUJIEMBI M JOCTUTAET CTEOJIS M HAA3EMHBIX YacTen
pacTeHHsi Yepe3 COCyAHMCTyro0 cucteMy. Ralstonia solanacearum moskeT OBICTPO pPa3MHOXKATHCS B
KCUJIEME JI0 OY€Hb BBICOKOM IJIOTHOCTH KIJIETOK, YTO MPHUBOIUT K CHMITOMAaM YBSIaHUS U rudenu
pacTeHui.



C

Pucynox 2
Ralstonia solanacearum (A) u cumntoMsl yBsiganus tomara (B) ¢ 6akrepusMu, codamuMucst
W3 COCYAMCTOM cucTeMbl Tiociie nepepe3ku credis (C).

ITpsimoe sxoHOMHUYECKOE Bo3aeiicTBHe R. solanacearum tpyaHo onpenesinTh KOJUYECTBEHHO,
HO TAaTOreH YPEe3BBIYAHO OMACeH H3-3a CBOEr0 IIHPOKOrO Teorpaduyeckoro pachnpoCTpaHEHUS U
JMarma3oHa X03sieB; €KEroJHO HECeT OTBETCTBEHHOCTh 3a YOBITKM OJIHOTO TOJILKO KapTodens B
pasmepe 1 mummapaa gosutapoB CIIA Bo Bcem mupe. 3aboeBaeMOCTh 3TOI 00JIe3HBIO OCOOCHHO
BETIMKa JJIsl CENIbCKOTO XO03sCTBa MHOTUX Pa3BUBAIOIIMXCS CTPaH B MEKTPOMUYECKHX PETHOHAX, I7Ie
R. solanacearum sisisieTcs sHaeMHKOM. B paiioHax, Te 3TOT OpraHu3M HaXOJWTCS B KapaHTHHHOM
CTaTyCce, OH TaKX€ HECET OTBETCTBEHHOCTb 3a 3HAUUTENIbHBIE NOTEPH M3-3a HOPMATUBHBIX MEp IIO
HCKOPEHEHHIO U OTPaHUYEHUN Ha JalbHENIIee MPOU3BOJICTBO Ha 3arps3HEHHBIX 3eMJISX. YIIpaBJICHUE
00JIe3HSIMU OCTaeTCs OTPAaHMUYEHHBIM U 3aTPYIHEHO M3-32 CHOCOOHOCTH MAaTOTeHa roJlaMHu BBDKHUBATh
BO BJIQXHOM IOYBE, BOJIOEMAaX, HAa PACTUTENIBHBIX OCTaTKax MJIM B OECCHUMITOMHBIX XO3s€BaX-
COpHSIKaX, KOTOpBIE IEHCTBYIOT KaK pe3epByapbl 11 HHOKYJATa. Cenekuus Ha yCTOMUUBOCTD, XOTS U
3ppeKTHBHA B HEKOTOPBIX CIydasX, 3aTpyJHEHAa H3-3a ILIMPOKOrO pa3sHOOOpa3usi MaTOreHHBIX
IITAMMOB.

Kak xopHeBoii u cocymucteiii matoreH, R. solanacearum mpencrasisier co0ol MOJENBHYIO
CHCTEeMY Ul W3Y4YEHHs MaTOreHHOCTH OakTepuil. baktepusi Obuta OJHUM M3 MEPBBIX MATOI'€HOB
pacTeHuil, TeHOM KOTOpPOH ObLI MOJHOCTHIO CEKBEHUPOBAH, a pa3paboTKa MAaTOCUCTEM C MOJAEIbHBIMU



pacrenusimu, Takumu kak Arabidopsis wim 606oBeiMu Medicago truncatula, cmocoGcTBOBana
TCHETHYECKUM M MOJICKYJSIPHBIM HCCIICAOBAHHMSAM KaK PACTUTEIBHOTO, TaKk U OaKTepHaJIbHOTO
naptHepoB. [latorennocts R. solanacearum 3aBucut oT cuctembr cekpeuuu Il Tuma, u Obun
NPOBEJICHBI MHOTHE HCCIICJOBaHMs MO 3TOW TEME C MOMEHTa IIEPBOTO OMHUCAHUS NIP-MyTaHTHOTO
¢denoTumna bymepom ¢ coaBropamu. beuTH HICHTUPHUIIMPOBAHBI 1 0XaPAKTEPU30BAHBI MHOTHE JIPYTHE
(aKTOphl MATOreHHOCTH, IKCIPECCHS KOTOPBIX OpPraHM30BaHa ATHUIIMYHON KBOPYM-YYBCTBHUTEILHON
MOJIEKYJIOH, CTPYKTYPHO CBSI3aHHOM ¢ ceMeicTBOM AU y3HBIX cUTHAIBHBIX (hakTopoB (DSF).

Bynymee wuccienoBanue B 3TOH oOmacTh OyJeT BKIOYATh JIydlliee TIOHHUMAaHUC
MOJICKYJISIPHBIX OCHOB, JIG)KAIIUX B OCHOBE aJaNTalldd 3TOW Pa3HOCTOPOHHEH TpyIIbl MITAMMOB K
TaKOMY pa3HOO0Opa3HOMY Kpyry xo3sieB. Elie ofHa BakHas 3a/aya, KOTOPYIO HEOOXOJUMO PEIIuTh, -
3TO TO, KaK HAIllM PAcTyIIHe 3HAHUS O CIOXHBIX MEXaHHM3Max, pa3paboTaHHbIX R. solanacearum mis
MOBBIIICHUST BOCIPUMMYHUBOCTH PACTCHUH, MOTYT OBITh HCIIOJIB30BaHBI JUIs Pa3pabOTKH HOBBIX H
HAJISKHBIX CTPATErHid 3aIUThI 11 OOPHOBI C ATHM Pa3pYIIUTEIbHBIM 3a00JICBAHUEM.

3. Agrobacterium tumefaciens

bosnee gem Bek Hazam, Smith u Townsend uaenTudummuposanun Agrobacterium tumefaciens
KaK BO30Y/IMTENS OIyXOJM KOPOHYATHIX TAJUIOB, OJTHO M3 CaMbIX CEPbE3HBIX 3a00JICBaHUA PACTCHHIA,
3aTparvBarOIINX Pa3JIUYHBIC CEIbCKOXO3AHWCTBEHHBIC BHUIBI 10 BCeMy MHpy. B mpmpome sta
MMOYBEHHAs OAaKTEepPHUsl MHIYIUPYET HEOIUIACTHUSCKUH POCT B MECTaX IMOPAHCHUS Y PACTCHHI-X035€B H
CHJIbHO OTPaHHYMBACT WX YPOKAWHOCTh M CHIIy pocta. DTOT Bpemubiii 3d ekt A. tumefaciens
HECOMHEHHO BHEC BKJIaJ B pa3BUTHC IUTEIbHBIX wHcciaemoBanuii Agrobacterium. Opnako, A.
tumefaciens - ato He mpocTo eie oAuH (PUTOMATOreH, HO OH 00JIaaeT OUYeHb PEIKOH 0COOEHHOCTHIO:
CIOCOOHOCTBIO K TeHETHUECKOU TpaHchopMaIuy.

Pucynok 3
KopoHuartslii rajut Ha CTBOJIC BHIIIHH, BhI3BaHHBII Agrobacterium tumefaciens.

MowmeHT «3OBpukn» npumen noxxe B 1970x, xorna Mapu-Jlenn Xuinron u FOmxun Hectep
CO CBOMMHM KOJIJIETaMU MPOJIEMOHCTPUPOBAIIN, YTO B TEHOME HH(PHUIIMPOBAHHBIX PACTUTEIBHBIX KIETOK
npucyrctBoBan cneunpuunsiii JIHK cerment (u3BectHbii ceifuac kak T-JIHK) OGaxrtepmanbHoOn
omyxouneBoit miasmuzpl (T). DTo 3HAMEHATENIbHOE OTKPBITHE MPHUBJICKIO BHUMaHKue K Agrobacterium
KaK K TMepBOMY OpraHu3My, COCOOHOMY IepeaBaTh I'eHbl W3 pa3HbIX HapcTtB. C Tex Mop, MHOTOE



OBLIO M3YYCHO O MOJICKYJISIPHBIX MEXaHHM3Max, JekKalluX B OCHOBE omocpenoBanHou A. tumefaciens
TeHEeTHYECKON TpaHchopMmaluy, KOTOpas CTaja OYEHb CIOXKHBIM IIPOIIECCOM, pEryIHPYEeMbIM
MHOTOYHCIICHHBIMU OakTepHalibHbIMU (pakTopamu U (hakTopamu xo3suHa. Bkpartue, A. tumefaciens
BOCIPUHMMAET (PEHOJIbHBIE COCAMHEHUS, BbIIENAEMble W3 TKAHEH paHbl pacTeHUil, U aKTHBHUPYET
HKCTIPECCHI0 HECKOJIBKUX 3 (HeKTOpoB, Ha3bIBaeMbIX Oenkamu BupyiaeHtHoctd (Vir). Hexoropsie u3
3TUX (PAaKTOPOB MOTYT CIIY)KHUTHh CBS3YIOIIMM 3BEHOM JJIsi 00pa30BaHUsS OJHOIETIOUeYHON Komuu T-
JIHK (T-uenb) u oHa TpaHCHOPTUPYETCS B KIETKY XO3sfMHA yepe3 cucreMmy cekpeuuu 1V tuna. [na
BBezieHus: T-menn, Heckonbko Vir OGNKOB Tarkke MEPeMENaloTCs B PACTHTENbHBIC KICTKUA. JTH
HKCTIOPTHPOBAHHBIE SPPEKTOPHI BMECTE C MHOKECTBOM (PAKTOPOB X0O35MHA CIIOCOOCTBYIOT UMIIOPTY B
sanpo T-uenu u ee MocieAyrollel WHTerpaluyd B FeHOM Xo3siMHa. HakoHel, reHbl, yyacTBYIOIIME B
OMoCHHTEe3€ ayKCHHA M LIUTOKUHUHA, JKcipeccupyrorcss u3 unrerpuposanHoi T-J{HK, uro npuBoaut
K aHOMaJIbHOH TpoJindepariii KIeToK B MHGUIUPOBAHHBIX TKAHAX U 00pa30BaHUIO OIYXOJIEH, TO €CTh
KOPOHYATBIX TajloB.

XOoTs MOAPOOHOCTH O €ro MOJIEKYJISIPHON OCHOBE BCE €II€ MOSBISIIOTCS, OTKPBITHE
TeHEeTHYECKO# TpaHchopMalu pacTeHHi, omocpenoBaHHoi Agrobacterium, oTKpbUIO HOBYIO 3py
MOJIEKYIsIpHOM Ouosnorun pacreHuil. B 1983 romy XwiTtoH u ero KoJulerd COOOIIMIIH, 4YTO
ckoHcTpyupoBanHas T-/IHK, Hecymias ay>xepoiHbIil reH, MOXKET ObITh IEpEeHECeHa B pacTeHUsI Tabaka
U COXpaHeHa MocpeacTBOM pereHepaunu. C MOMEHTa MepBOM IEMOHCTPALlMU TPAHCTEHHBIX PACTEHUM
ObUIM JIOCTUTHYTHI CYIIECTBEHHbIE KOHIENTYaIbHbIE U TEXHUYECKHE JAOCTH)KEHHS, KOTOpBIE CIENaan
omocpenoBanHyro Agrobacterium reHHyr HHKEHEPUIO pacTeHHi 0oJice BO3MOXKHON B MOBCEIHEBHOM
npakTuKe (yHIaMEHTAIbHBIX HCCIENOBaHUM, a Takke OuoTexHosornmu. Hampumep, mnosBieHue
OMHApHBIX BEKTOPOB, CHCTEMBI JBYX OTACIBHBIX PETUIMKOHOB, KOTOphie comepkar rensl T-JIHK u
BHUPYJICHTHOCTH ¥ (QyHKIHOHUPYIOT Kak B Escherichia coli, rak u B A. tumefaciens, 3nauntensHo
ynpoctuno ManunyiaupoBanue T-JIHK. bnaromaps HEBEposSITHO MIUPOKOMY [HAMa30HY XO3S€B,
KOTOpbIi B J7a00OpaTOPHBIX YCIOBUAX BKIIIOYAET OOJBIIMHCTBO JYKAPHUOTUYECKHUX OPraHHU3MOB,
BBICOKOH 3(Q(PEKTUBHOCTH U CIIOKHON COBpPEMEHHOW TexHoJoruu Tpanchopmanum, A. tumefaciens B
HACTOSIIIIEE BpEMs SBISETCS MPEANOYTUTENBHBIM CPEICTBOM TpaHChOpMaluU [jsl T€HETUYECKOTO
MaHUITYJIMPOBaHKs OOJBIIMHCTBOM BHJOB pPACTE€HHid, BKIIOYas MojeibHOe pacteHue Arabidopsis
thaliana, a Tak:ke MHOTOYHCIIEHHBIE BH/IbI IPHOOB.

Pucynok 4



Pactenue TOmMaTa AMKOTO THIA, pa3BUBAIOIIEE OIYXOJIb KOpPOHYAThIE Talibl (CleBa), |
TPAaHCTCHHOE pacTeHHEe ToMmara, ycroitunBoe k Agrobacterium tumefaciens, cosnanHoe B pe3yibTare
reHeTHYecKoi TpaHchopmaiuy, omocpenoBanHor A. tumefaciens (cmpaBa), WILTIOCTPUPYIOT J1Ba
BakHbIX acmekTa A. tumefaciens: oguH kak maroreH, a APYrol Kak HMHCTPYMEHT JUISl TEHHOU
HHXCHEPUU.

Agrobacterium  tumefaciens He mepectaer yAMBIATH  (DU3MOJIOTOB  PACTCHHHA |
¢duTomnarosoros. Jlaxe mocie cTa JeT UCCIICAOBAHUI MBI IIPOJIOJIKAEM OTKPHIBATh HOBBIC MEXaHH3MBI,
KOTOpBIC JIeKAT B OCHOBE B3aumojeiicTBus A. tumefaciens ¢ ux xossieBamMH, U TOJIBKO IPOJIOJIKAEM
MMOHUMAaTh, HACKOJIBKO JCHCTBUTEIHLHO YMHBI 3TH TAaTOTeHbl. Hampumep, HeTaBHHE HCCIICIOBAHUS
mokasanu, uro A. tumefaciens mokeT paspymiuTh MeEXaHW3M 3aIlUThl XO3SMHA /IS AKTHBHOTO
pacripoctpaneHust uHdekun. Takum ob6pazom, B 0603pumoM Oyayiiem A. tumefaciens mpomosmkut
CIIY)KUTh HE TOJIbKO MOIIHBIM MHCTPYMEHTOM U TCHHOW MHXEHEPHH PACTECHHM, HO U MPEKPACHBIM
MO/ICIbHBIM OPTaHU3MOM [T PacIM(PPOBKH B3aUMOICHCTBHI XO3SIMH-TTaTOTEH.

4.  Xanthomonas oryzae (oryzae)

bakrepuansubiii oxxor juctheB (BLB), Bei3biBacMbIii Xanthomonas oryzae pv. oryzae (Xo00),
MIPOUCXOUT W3 TPONMHYECKHX M YMEPEHHBIX pernoHoB. BLB Ttarke BcTpewaeTcst B ABCTpaiud,
Adpuxe, Jlatunckoit Amepuke, Ha Kapubax u B CILIA. CooOmiaercs, urto notepu ypoxas ot BLB
cocraBisiroT 10-50%. Benpimkn BLB Hanbonee pactipoctpaneHs! B ce30H noxaei B FOro-Bocrounoi
Asun u Unaun. Puc 6su1 uaTpomynupoBan s BeipaniuBanus B CIIA (Cesepnas Kaponuna) 6omee
200 ner Hazax u BeIpamuBaetcs B npyrux dactsax CIIA 6omnee 100 ner. XoTs MHOTHE OOJE3HH puca
ObUTM 3aBE3€HBbI MM Pa3BUWIIMCh Ha puce 3a Bpems ero BelpamuBanus B CHIA, X00 He mpuxuiack B
CIIA. Knumar paiioHoB BeipaniuBaHus puca B CHIA u npaktuka BelpaniuBanus puca B CIIA He
CIOCOOCTBYIOT JIOJTOCPOYHOMY BBDKUBAHUIO UITH pacmpocTpaHeHuto X00. [To atum npuunnam X00 He
MPEACTABISIET OOJIBIIOTO pUCKa s cenbcKoro xo3siicta CIIA.

BLB 3¢h}exkTHBHO KOHTPOJUPYETCS HCIOJIb30BAaHUEM YCTOWYMBBIX COPTOB puca. OmHako,
MOCKOJIbKY X00 o001azaeT CnocOOHOCTBIO JKCHPecCUpoBaTh 3(PPEKTOPhI, KOTOPHIE IOAABIISIOT
HEKOTOpbI€ 3allUTHBIE pEaKUWU XO35MHA, YacTO OTO COMPOTHUBIEHHWE B KOHEYHOM WTOTe
npeojoneBaercs. KoHTponp 00J€3HM C MOMOIIBI0 COEIMHEHUN MeAH, aHTUOMOTHUKOB U JAPYrUX
XMUMHKATOB HE JJOKa3as cBOIO 3((EKTUBHOCTb.

Xanthomonas oryzae pv. oryzae — 370 HajJ0O4YKOBHIHAsI, TPaM-OTpHIlaTebHas OakTepust. OHU
CUHTE3UPYIOT KENThIil pacTBOPUMBIN MUTMEHT, HAa3bIBA€MbI KCAHTOMOHAIMH, W 3KCTPAKICTOYHBIN
nomucaxapua (OIIC). OIIC BaxHbl A7 3alUTHl OaKTepUd OT BBICBIXaHUS U S OCIAONeHUs
paccerBaHMs BETPOM U A0XkAeM. X00 paclpoCcTpaHsIeTcs Yepe3 CUCTEMbI MOJIMBa, OPBI3TH WU BETEp, a
TaKkKe uepe3 3arpsi3sHEHHYI0 CTEPHIO prica MPEebIayllero ce30Ha ypoxKas, KoTopas sBIseTcsl Haubosee
Ba)KHBIM UCTOYHHUKOM MEPBUYHOTO MHOKYIATA. X00 MHOUIIUPYET JUTHS prca 0OBIYHO Yepe3 TUIATO bl
Ha KOHYMKE JIMCTAa, MOBPEKICHHBbIE TPUXOMBI, Kpas JHCTbEB W paHbl HAa JHMCTHIX WIU KOPHSX,
pa3MHOXaeTcs B MEKKIETOUHBIX MPOCTPAHCTBAX M MPOHUKAET B COCYIbl KCHIeMbl. Uepe3 HEeCKOIbKO
nHer nH@eknuu O6akrepuanbHpie KIeTKd U JI1C 3anomHSI0T COCYAbl KCHIEMBbl U MPOCAYMBAIOTCS U3
TUAaTO0B, (QOpPMHUpPYST Ha TOBEPXHOCTH JIMCTa OYCHHKHM OJKCCy/aTa, XapaKTepHBIM MpHU3HAK
3a00JIeBaHUS U UICTOYHUK BTOPUIHOTO MHOKYIIATA.



Pucynox 5

Busyanuzarus Xanthomonas oryzae pv. oryzae (X00) B pacrenusix puca. (A, B) [Tomepeunsie
YY9aCTKH JINCThEB puca, uHGuIpoBaHHeie X00 mramMm PXO099, skcnpeccupyronmx 3eIeHyIo
dbayopecrienimto puca copra TP309 (BocnpummuuBeiit) (A) u TP309-XA21 (pesuctentHsriii) (B).
N3obpaxenus Habmonamu npu Bo3Oyxaenun ot 450 10 490 HM U HCIyCKaeMOM CBETe, cOOMpaeMoM
npu 520 HM npu 40-KpaTHOM YBEJIMUYECHUH C HCIIOJIB30BaHUEM (IYOPECIIEHTHOTO MUKPOCKOIA Zeiss
Axiophot uwepe3 12 nmueii mocne wHoOkyisiuu. Illkama Ha (A) m (B) coorBerctBytor 50 mrm. (C)

Ckanupyromas 3JeKTpoHHass MUKpodoTorpadust KiIeTok X00 B KCHIEMHOM COCYJ€ PHUCOBOTO JIUCTA.
(D) KpymnHbIM IUIAHOM - PUCOBBIH JHCT, HHPUIMPOBaHHBIH X00. bakTepuanbHbie KICTKH 3aIOJIHSIOT
COCy/bl KCHJIEMBl M IPOCAYUBAIOTCA Yepe3 T'HAaToMAbl, 00pa3zys MIapUKH WJIM HUTH JKCCyAara Ha
MOBEPXHOCTH JIMCTA, YTO SIBJISIETCS XapaKTEPHBIM MPU3HAKOM 3a001eBaHMUSL.

IMToxoxuii Ha Xanthomonas campestris pv. campestris (Xcc), X00 Takke MpoaylUPyeT Psi
¢dakropoB BupynentHoctH, BkItodas DIIC, BHekneTouHslid ¢hepment u addexrops! 111 Tuma, koTopsie
HEOOXOIUMBI ISl BUPYJIIEHTHOCTH. X00 HCMOJb3yeT JBa pa3HbIX THMHa ¢akTopoB kBopyma, DSF u
Ax21 (aktuBaTop Ax21-0omocpe0BaHHOTO UMMYHUTETA), HEOOBIION, TpoIecCCHpyeMblil Ha N-KOHIIe,
cekperupyembiii Oernok | Tuma. HemaBHo Oblma mpoaeMOHCTpuUpOBaHa JABOWHas poib Ax21 B
BOCIIPUATHH KBOPYMa M B aKTHUBALMU BPOXKICHHOIO MMMYHHOI'O OTBeTa Xo3siMHa. Ax21 omocpenyet
oOpa3oBaHue, TMOJBIKHOCTh M BHUPYJICHTHOCTh OHMOIUIEHOK. B To Bpems kak kmactep reHoB rpf
(perynsmust GpakTopoB MaToreHHOCTH) HeooxoauM At DSF-o6ecneurnBaeMoro BoCIpUsTHSL KBOpYMa,
reHbl rax HeoOxoauMbl Juid Ax21-o0ecredynBaeMoro BOCHPUATHS KBopyMma. Ax21 mHpoko
KOHCEpBATUBEH y Bcex BuAoB Xanthomonas u y pOJICTBEHHBIX POJIOB, W HEKOTOPbIE M3 ITUX
OPTOJIOTOB MOTYT TaKX€e aKTUBUPOBaTh XA21-onocpeoBaHHBII HIMMYHUTET.

CuxBeHupoBaHue reHoma Tpex mrammoB X00 (MAFF311018, KACC10331, PXO99A) G6suto
3aBEpIIEHO, M MJET CEKBEHWPOBAHHME TE€HOMa BOCBMH JIONOJHHUTENBHBIX IITaMMOB  XOO.
CpaBHUTENBHBIM T'€HOMHBIH aHaIM3 Pa3IUYHBIX I[TAaMMOB XOO BBIABUJI OOJIBIIOE KOJHMYECTBO
Te€HOMHBIX MEPECTPOEK U peKOMOUHAIHM 3(PHEKTOPHBIX I€HOB, TOJOOHBIX aKTUBATOPY TPAHCKPUITLIUU



(TAL), a Taxke OoJbIlIOE KOJHMYECTBO 3JJIEMEHTOB HHCEPIUMOHHOW mnocnenoBarenbHocTu (IS).
HeckoslbkO TeHEeTHYEeCKUX HCCIAEAOBAaHUN TMOATBEPAWIM, YTO AaKTUBHOCTH IS 3jeMEHTOB U
pexoMmOuHanusa Mexay s¢dexropabivu reHamu TAL BHOCAT BKJIag B pa3HOOOpa3HYIO pacoBYIO
CTPYKTYpY BHYTpU XO00. CpaBHUTEIbHBIM aHAIM3 T€HOMHOW MOCIEIOBATEIHLHOCTH TMOMOI TMOHSTh
pazHooOpa3ue u 3Boronui0 X00. [lodHBIE MOCIEA0BATEILHOCTH T'€HOMAa TAaKXKE CIOCOOCTBOBAIH
pa3paboTke MapKepOB, TOJIC3HBIX JIJIS MHIEMHUOJIOTUYECKUX UCCIICIOBAHUH.

5. Maroapsl Xanthomonas campestris

[MaroBaper ~ Xanthomonas campestris  BbI3bIBalOT ~ 0OJIE3HH, HMMEIOIIME  BaKHOE
arpoOHOMHYECKOe 3HaueHHe BO BceM mupe. Cpeau Hambojee 3aMETHBIX MaToreHoB - Xanthomonas
campestris pv. campestris (XccC), Bo30yauTeNb YEPHON THHJIM KPECTOIBETHBIX, MOPAKAIOUIUIA BCE
KyJIbTYpHBIC BHJIBI KarmycThl, X. campestris pv. vesicatoria (Xcv), tenepp kiaccuduipyemblii kak X.
euvesicatoria, Bo30yauTenb OaKkTepHaIbHOM ISITHUCTOCTH Tepia W Tomara, U X. Campestris pv.
malvacearum (Xcm, meiae X. axonopodis pv. malvacearum), Bei3bIBaroIasi yriioBaTyr MATHHUCTOCTh
JUCTHEB XJIOMYaTHUKA. bosie3Hu, BbI3pIBaeéMble ITUMU OaKkTEpUsIMH, 0COOEHHO CEphE3HbI B PETHOHAX C
TEIUIBIM M BJIQXKHBIM KIMMAaTOM, XOTS 4YepHas THWJIb TaKKe MMEET 3KOHOMHYECKOE 3HaueHue B
permoHax ¢ yMEpeHHbIM KiuMaroMm, Hanpumep B KopHyomsie u JApyrux 3amajHbX padoHax
BenukoOputanun. XcC Taxke BakeH Kak npousBoautTenb JIIC kcaHTaHa, KOTOPBIA HCHOJB3YyeTCs B
KayecTBe MUILEBOM 100aBKU B hapMalleBTUUECKON 1 HEPTIHOIN MPOMBIIIIEHHOCTH.

UccnenoBanusi 3tux OakTepuil oOKa3alM 3HAYUTENIBHOE HAyyHOE BIUSHHE, KOTOpPOE HE
OTPAaHUYUBAJIOCH JUCITUTIMHOW MOJICKYJISIPHOM MaToJIOTHH pacTeHuil. Pabora Hag XCm mpemocraBmia
MEPBYIO JIEMOHCTPAIMIO THUIOTE3bl O TOM, YTO MaTTEPH Ie€H-HA-T€H PEryIupyeT B3auMOACHCTBUA
Mexay OakTepuaibHBIMU MAaTOT€HaMU W pacTeHusiMU. Pabota Hajg XCV ycTaHOBWIIA T€HETHYECKYIO
OCHOBY 3alyCcka YCTOWYMBOCTM K OOJIE3HSAM Yy TIiepla, 4YTO TMPHUBEIO K BBIACICHUIO T'€HOB,
ONPEACIISIONINX aBUPYJICHTHOCTh COPTOB MeEpIia, COAEPKAIIUX I'eHbl YCTOWUMBOCTH K Bsl, Bs2 wnu
Bs3 (mns OakrepmanpHOoro msTHa). AvrBs3 sBisercs mpeactaBuTeneM OOJBIIOTO CEMECTBa
saddexropubix 6eakoB TAL III tuna y Xanthomonas spp. BriociieactBuu ObUIO YCTaHOBIIEHO, YTO 3TOT
s dekTop nepeMeniaeTcs B AAp0 paCTUTENbHOM KIETKH, I/Ie OH BIMSIET Ha SKCIPECCHUI0 T€HOB MyTEM
CBSI3BIBAHUS C PACTUTENBHBIMU MpoMoTOopamu. OmpeneneH «Ko», PErylupyoIUid pacrno3HaBaHUE
IPOMOTOpa OOIBIIMHCTBOM 3(PPEKTOPOB ITOTO ceMeiicTBa. 3HaHUE ATOTO KOJa OTKPHIBAET OOJIbIION
MOTEHIMAN JJi1 OMOTEXHOJIOTHH, HAPUMEpP IyTeM KOHCTPYHPOBAHHS MPOMOTOPOB ¢ OOKcamu st
sbdexkropoB TAL, yToOBI ympaBisATh IKCOpEeCcCHEd T€HOB YCTOMYMBOCTH, WU MYTEM CO3JaHUs
CHelHalbHO pa3paboTaHHbIX cienuduuHocTel cBsizbiBanus JTHK.
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Pucynox 6

(A) CumnTomMbl 00JIe3HH YSpHOUM THUIIM Ha KalycTe, BbI3BaHHOM Xanthomonas campestris pv.
campestris, IeMOHCTPUPYIOIINN XapaKTepHOE MOYepPHEHUE KUWITOK Jiucta. (B) JloMeHHast apXuTeKTypa
addexropa AvrBs3, mokaspiBaromias Bapuanuy B MOJOKEHUSAX 12 n 13 B mOBTOpax W HYKJICOTHJIAX,
pacro3HaBaeMbIX B KoHCeHCycHOM UPA-Goxkce.

PaboTa nag XCC nmpuBena K HACHTH(UKAIIMKA T€HOB, YYaCTBYIOIINX B OMOCUHTE3€ KCAHTaHA, U
Kjgactepa TeHOB IPf, KOTOpBI KOHTPONHMPYET CHUHTE3 BHEKIETOYHBIX (EPMEHTOB M KCaHTaHA M
crocoOcTByeT BUpYJIEeHTHOCTH. MccnenoBanusi GyHKIIMU TPOIYKTOB reHa Rpf mpuBenu K OTKPBITHIO
CUTHAJIBHOM CHCTEMBI KIIE€TKa-KJIeTKa, omnocpenoBanHor DSF, kortopas BmociencTsuu Oblia
uaAeHTU(OHUIMPOBaHA KaK [MC-HEHACBIIICHHAs KUpHas kucioTa. ['enbl Ipf, yuacTByromie B CUHTE3E U
Bocupusitun  DSF, KoHcepBaTMBHBI y BceXx KcanToMoHajn, Bkmouas Xylella fastidiosa wu
Stenotrophomonas spp., HEKOTOpbIE ITAMMbI KOTOPBIX SIBJISIOTCS BHYTPHOOJbHHUYHBIMUA MATOTCHAMHE
yenoBeka. bosee Toro, nepegaua curnanoB DSF KoHTpoMpyeT BUPYJICHTHOCTh Y HEKOTOPBIX, HO HE Y
BCEX, U3 3TUX OaKTepHil, XOTSA TOUHAS POJIb pa3uyHa JAJsl pa3HbIX opraHnu3MoB. RpfG, peryiastopHsiii
0emnok, yyacTByrouuii B nepenade curuana DSF, conepuT 1oMeH rucTHANH-acliaparnHoBasi KUCJIO0Ta-
rnuH-Tupo3uH-nponu  (HD-GYP). UccnenmoBanusi XCC Obuld TNEpBBIMHU, B KOTOPBIX ObLia
yCcTaHOBJIEHa perynaropHas QyHkuus peryastopa nomena HD-GYP u ero dQepmenTatuBHas
aKTUBHOCTH B KauecTBe (ochoaudcTepasbl, pa3pyllaoneid BTOPHUUHBIM MECCEHDKEP HUKINYECKU
nuryano3suaMoHodocdar (diGMP). Otu nHaOmoneHuss BHECIM BKJIaJ B MOHUMaHHE TNepeaadd
curHanoB 1ukandeckoro diGMP y MHOTHX opraHu3moB, Mockosibky nomeH HD-GYP mupoko
COXpaHseTcs y OaKTepHid, BKJIOUasi MATOTE€HbI PACTEHUH, )KUBOTHBIX U YEIIOBEKA.

6. Xanthomonas axonopodis

Xanthomonas axonopodis pv. manihotis

Pox Xanthomonas B HacTosiee Bpemsi coctoutr u3 20 BUIOB, BKIIOYas X. axonopodis.
Buyrpu X. axonopodis Ol ONpeAeneHbl IEeCTh Pa3InYHbIX T€HOMHBIX TPYNI, TPH 3TOM MHOTHE



NaTOBaphl BBI3BIBAIOT SKOHOMUYECKHM BaKHbIE 3a00JI€BaHMA Ha PA3IMYHBIX PACTEHHUSIX-X035€BaX,
HMMEIOLUX arPOHOMUYECKOE 3HAUEHUE.

Manwnoka (Manihot esculenta) siBisieTcst OCHOBHBIM TPOJYKTOM muTaHus modtd 600
MUWUIHOHOB YEJIOBEK B TPOIHMYECKUX perrnoHax mupa. Xanthomonas axonopodis pv. manihotis (Xam)
apisiercst  Bo30ymutenem CBB, ocHOBHOro 3a0oieBaHuWs, SHAEMHUYHOTO B TPONUYECKUX U
CyOTpONIMYECKHX pPEeruoHax. JDTO 3a00JIeBaHUE JIMCTHEB U COCYNIOB CEPbE3HO BIHSIET HA MMPOU3BOJICTBO
MaHuoku BO BceM mupe. [lorepu ot 12% g0 100% BIusiOT Kak Ha yposkail, Tak M Ha MOCAAOYHBII
MaTepuasl. 3a TMOCIeIHHE TOABl B pAa3IMUHBIX peruoHax AQpukd u A3UM 3aperuCTPUPOBAHBI
3HAYUTENIbHbIE PEIUAMBBI 3a00sieBaHMs. Xam BBI3BIBACT IIMPOKHM CHEKTP CUMIITOMOB, BKJIIOYas
VTJIOBBIC TTOPAXKEHUS JINCTHEB, YIAJIOK, YBSIaHNUE, IKCCYAThl CTEONEH U sI3BBI cTeONIeH. Y CTOWIMBOCTh
X035IeB TO-TIPeXKHEMY OocTaeTcsl HanOoliee d(h(HEeKTHBHBIM crIOcOO0M OOpPHOBI C ATHUM 3a00JICBAaHHEM.
Tem He MeHee, CeNeKIMOHHAsI CTpaTerus sl 0opsObI ¢ 3a0oneBanneM CBB He pa3pabatsiBaercs. Ha
JAHHBI MOMEHT MJICHTH(HUIMPOBAHO TOJILKO J1BAa TeHa ycToiunBocTH Kk CBB manmoku. 3amuTHbIC
peakuy pacTeHui Ha Xam XopoIo n3ydeHsl. | €eHOMHBIE MHCTPYMEHTHI JIJIsl MAHHOKH, TaKue Kak 0aza
TaHHBIX OOJBIION dKCIpeccupyeMoil nocienoBarensHocT TeroB (EST) m MuUKpomarpuiia MaHHOKH,

ObLTH pa3pabOTaHbl M UCTIOJIB30BaHbI TSI HCCIIEIOBAHUHN IKCIIPECCUU Xam — pacTeHUs.

=

Pucynoxk 7
CumnToMbl GakTepHaAILHOIO 03K0Ta, BhI3BaHHOro Xanthomonas axonopodis pv. manihotis:
(A) yriosarble msTHA Ha TUCTHAX; (B) yBsimanue nuctoes.



Pucynox 8
Ckanupyrmomas 3JeKTpOHHAsT MHKPOCKOTIHS, MOKa3bIBaIOast 00IbIIOE KOJTMIECTBO OaKTepuid
BO3JI€ YCTHHII.

Pucynoxk 9
Xanthomonas axonopodis pv. manihotis B cocyaax KCHIEMBI.

[TaToreHHocTh Xam 4acTHYHO 3aBHCUT OT cucTeMbl cekpeuuu |1l Tuna, kotopas nepemeriaer
s dexTopsl B KIeTkH pacTeHUH. CuibHbINA 3()(ekT maToreHHocTH Xam Obli MPOAEMOHCTPUPOBAH VIS
HeOospmoro uucina 3¢dexkropos, BkIo4as 3PPeKTop, MOJOOHBINH aKTUBAaTOpPY TpaHcKpuniuu. O
pa3NUYHBIX MATOTHMax Xam cooOmanoch B pas3HbIX cTpaHax Adpuku u IOxHoil Amepuku, a
UCCIIEIOBAaHUsS C HCIoJb30BaHueM MeTon0B JIHK-nakTuiockonuu mokasanu, yTo HOMYJSIUUA Xam
NaTOreHOB M3MEHUYUBBI Kak BHE, Tak U B Adpuke, HOxHoit Amepuke u Azuu. B KomymOuu Obio
MOKa3aHO CYIIECTBOBaHUE reorpagpuueckon muddepeHnnany mTaMMoB Xam B pas3HbIX
9K030HaX. OOMEeH 3arpsi3HEHHbBIMM MaTepHajaMd MaHHOKH CHOCOOCTBOBAJl MHUTpAIMM IITAMMOB H,
CJIeZIOBATENIbHO, TIOBJIHSII HA TEHETHUECKYIO CTPYKTYpY Homyssiuii Xam. M3MeHeHus KiuMara Takxke
MOTYT BJIMATH Ha FTEHETHYECKOE pa3HOOOpa3ue U NOMyISIIMOHHYIO CTPYKTYpy Xam.



Xam cuuTaercss KapaHTHHHBIM OpPraHM3MOM BO BCEX CTpaHaX, TJ€ BBIPALIUBAIOT
MaHHOKYy. [y ObIcTpoii MaeHTH(UKAIMHU IITaMMOB Xam Obljla MCIOJIb30BaHA IMPOCTas W ObICTpas
IpoIelypa, U €€ JIeTKO MPUMEHUTH TSI CepTU(UKAIIMH PACTUTEIILHBIX MAaTECPUAIIOB.

HenaBHo cexBeHnpoBanue reHoMa Xam (komymOuiickuii mramm CIO151) Ob110 3aBepiieHo B
Universidad de los Andes (borora, Komym0usi), a aHHOTaumusi HaXOAUTCS B CTaauu pa3pabOTKU
¢bpaniry3ckuM koHcopirmymom Xanthomonas. Jocryn K ITOMY u
MOCIIEAYIOIUM TeHOMaM Xam JIOJDKEH OTKPBITh HOBBIE BO3MOXKHOCTH [UIi CPaBHUTEIBHOH U
(GYHKIMOHATPHOH TEHOMUKHA Xam U YCKOPUTH pa3padOTKy HOBBIX METOJOB MOJICKYISPHOTO
TUIUPOBAHUSA, TOJIE3HBIX IS AIMHUISMHOJIOTHYECKUX M (MIOTEHETHYECKMX HCCIIeOBaHUI Xam, a
TaKXKe JUArHOCTUYECKHUX MpaiiMepoB. Eme MHOroe mnpeacTowTt caenath Ui YAy4IIeHUS Hamux
BO3MOJKHOCTEH 10 60pHOE C 3TUM SKOHOMHUYECKH BaKHBIM 3200JI€BAaHHEM PACTCHHH.

7. Erwinia amylovora

Erwinia amylovora BeI3biBaeT GakTepUabHBINA 0XKOT SOJOK, TPYII, aiBbl, ©KCBUKH, MAJHHBI
M MHOTHX JMKHX W KYJbTYPHBIX PO30IBETHBIX JICKOPATHBHBIX pacTeHHi. boe3Hb pa3BHBaeTCs
CIIOpaJIUYecKd, HO HHOT/Ia OHA OYCHB Pa3pyLIUTeIbHa, 0COOCHHO ISl MOJIOABIX ()PYKTOBBIX JIEPEBbHEB,
KOTOpPBIE MOTYT OBITh Cpa3y k€ YOWThI HHQPEKIUSAMH, OIMOSCHIBAIOIINMUA  CTBOJI WU
110/1B0#1. B0o30yauTens MHUPOKO pacpoOCTPaHEH B pErHOHAX ¢ YMEPEHHBIM KIIUMATOM, TJI€ TIPOIIBETAIOT
posorBeTHbie  pacteHus. [lepBonadansHo OH ObLT  ommcan kak Micrococcus amylovorus, a
3arem Bacillus amylovorus mus-za ommOoYHOrO MPEAMOI0KEHH, YTO OH paspymaer kpaxmai. OH
rpaMOTPULIATENIbHBIN, MaJOYKOBUJHBIA, TOJBMXKHBIM C NEPUTPUXO3HBIMU  KryTHKamu. Ero
nepeumeHoBanu B Erwinia amylovoraB wmavame 1900-x IT. W OCTaeTCss THIIOBBIM BHIOM
pona. bru3kopoaCcTBEHHbIE ~ OaKTEpUHM, KOTOPhIE  BBI3BIBAIOT ~ CHUMITOMBI,  HAIOMUHAIOIINE
OakTepHaIbHBIN 0XKOT, B YaCTHOCTH, HO HE HCKITIOYUTEBHO, Y TPYII, OBLITH ONMUCAHBI KAK HOBBIC BUJIBI,
nanpumep E. pyrifoliae u E. piriflorinigrans.

Erwinia amylovora umeer G6ojbllioe HCTOPHYECKOE 3Ha4YCHHME Ui (DUTOOAKTEPHOJIOTOB,
MOCKOJIBKY ATO ObLIa mepBasi OaKkTepusi, SBHO MPOJEMOHCTPUPOBABIIIAS, YTO BHI3bIBACT 3a00JICBaHHE Y
pacTeHuil BCKope Tmocie HoBaTtopckoil pabotel Ilactepa m Koxa o OakTepualbHBIX TAaTOTrEeHaX
YeaoBeKa M XKUBOTHBIX B KoHIe 1800-x romoB. Takum o6pasom, E. amylovora cnipaBeiinBo Ha3bIBarOT
«Beaymien (UTOMAaTOreHHON OaKTepHUEHiy.

CuMnTOMBI 0AKTEPUATBHOTO 0KOTa BIIEPBBIE OBUIM 3aPETHCTPUPOBAHBI B Ca/IaX HEAIEKO OT
Hero-HMopka. OTTy[a naToreH pacnpoCTPaHMIICA Ha 3amaj ¥ 10 KOHTHHEHTaM, 0coGeHHO B 20 Beke.
Xors E. amylovora B Hactosiee BpeMs MIUPOKO PaCHpPOCTpaHEeHa, CTPOTHE KapaHTHHHBIC MPaBUIIA,
3alpenalue MepeMelICHHEe MaTepHajoB pPO3OLBETHBIX PACTEHHH, MO CYTH, MO-NPEKHEMY
HAMpaBJICHbl Ha MpEAOTBpalllcHHe MPOHUKHOBeHUss E. amylovora B paifoHbl CBOOOIHBIC WM
MOTEHIMAJILHO CBOOOIHBIE OT ITaTOTEHA.

boppba ¢ OakTepualbHBIM 0KOT'OM OCHOBAaHA HAa CAHUTAPUH, KYJIBTYPHBIX TPAJUIUSAX U
WCTIOJIb30BAHUU OTPAHUYEHHOTO YHUCIIa OAKTEPHUIIUIOB U CPEICTB OMOJIOTHYECKON OOpHOBI, TIIaBHBIM
o0pazom Jutst 60pbOBI ¢ HGUTOGTOPO30M. AHAIIU3 MATEPHAJIOB, TIPOBEPEHHBIX HA MPEJAMET KOHTPOJISI B
nociennue roapl Ha Boctoke CIIIA, mpuBen K BBIBOAY, 4TO, HECMOTPS Ha OoJiee YeM JBYXBEKOBBIC
3HAHUS U «OTPOMHBIC UCCIIEIOBATEIILCKUE YCHIIUS, IPPEKTHBHBIN KOHTPOJIb OCTACTCS HEIOCTHKHUMOMN
1enbo». KpoMe Toro, crpenToMuUInH, KOTOPBI ObLT BBeIeH Oosiee S0 JieT Ha3aa, ocTaeTcs Hanbosee
3pPEKTUBHBIM KOHTPOJBHBIM MAaTEPUAIIOM B TeX O0OJACTAX, TJe YYBCTBUTEIbHBIC IITaMMbI E.
amylovora npucyrctByror. OHaAKO BO MHOTHX PETHOHAX MPeo0IagaroT YCTOWYHMBBIC IITAMMBI, HIIH
MpaBHja, 3alpellaloniie KCIOJIb30BaHHE AHTUOMOTHMKOB B  PACTEHHUEBOJCTBE, HCKIIOYAIOT
UCIOJb30BaHUE CTPENTOMUIIMHA. Pa3BUTHE T'€HETHYECKOH YCTOMYMBOCTH, OCOOCHHO Y TOJIBOEB U
MIPUBOEB SI0JIOHU, JJaeT HAJISK Ty Ha OyyIiee.



Wnrepecno, uro renom E. amylovora sBnsiercss omHUM M3 caMbIX MaJCHBKHX U3
CEeKBEHHPOBAHHBIX MATOTCHHBIX Oakrepwii pactenuid - Bcero 3,89 Mb. Ero wnebounbiioil pasmep
coryiacyeTcst ¢ OTCYTCTBHEM B HEM MHCTPYMEHTOB JUISl pa3pyLICHHUs] PACTUTENBHBIX KJIETOK, KOTOpPbIE
SBIISIFOTCSL OOIUMHM U1t OONBIIMHCTBA JPYruX (PUTONATOTEHHBIX OAaKTepHii, Hampumep, (GpepMeHTOB,
paspymamux KICTOYHYI0 CTEHKY, W HH3KOMOJIEKYJSPHBIX TOKCHHOB. Ero Hamboiiee BakKHBIC
MAaTOJIOTHYECKHE MHCTPYMEHTBI, TIO-BUAMMOMY, SIBJISIFOTCSI KOMIIOHEHTaMH OCTPOBa MmaToreHHoctu hrp
U 9K30mOJKcaxapunoB ammioBopan u jeaH. Cekperupyembie Oenku |l tuma DSpA/E u HrpN
HEOOXOJWMBI JUIS TATOTEHHOCTH, TOrjaa Kak mnpuMepHo 20 JOTOTHHUTEIBHBIX OEIKOB, KOTOPBIC
CEKPETUPYIOT WJIH PEryIUpyIoT 3Kcnpeccuto 6enkoB Hrp, Taxke urparor posib. AMHJIOBOPAH U JIEBaH
YYacTBYIOT B ()OPMHUpPOBaHMM OHMOIUIEHOK M TAaTOT€HHOCTH. HemaBHO cTamM MOCTYHMHBI T€HOMBI
HECKOJIbKHX IITaMMOB U BUJIOB, TECHO CBsi3aHHBIX ¢ E. amylovora. buoundopmarndeckue cpaBHeHws,
HECOMHEHHO, OTKPOIOT JIOTIOJIHUTEIbHBIE TeHETHUECKIE OCHOBAHUS JUIsl BUPYJICHTHOCTH BO30OYIUTEIS
OaKTepuaNIbHOTO 0XKOTa.

Pa3BuBaronuecs miuoasl Ha Puc.10 mposBAsiIOT cepo-3esIeHyl0 MPOIMUTKY BOJAON, TUITUYHYIO
U1t 0aKTEPUAITBHOTO 0XKOTa, KOTOPBIH MPEAIIECTBYET HEKPO3Y, YTO MPOSBISIETCS] HA MEPTBBIX IIBETKAX
B HIDKHEM JICBOM M BEpXHEM IPaBOM Yriy pucyHka. CieayeT OTMETHUTh HECKOJIbKO Karlelb CIIU3H,
BBIJICIISFOIIEHCST M3 3apa)KCHHBIX IIBETOB U TIOJIOB, KOTOPBIE COACPIKAT MIJUTHAP/IBI KIIETOK B MAaTPHIIE
MOJIUCAXapUIOB M COKAa PACTEHHWHA. 3apaX€HWe Tpo3Jed IBETKOB YacTO NPUBOJUT K OTPOMHBIM
MOTEPSIM TSI TPOU3BOIUTEIEH CEMEUKOBBIX (PPYKTOB.

PucyHok 10
sl6moHeBsIi 1BET, MopaskeHHbIH Erwinia amylovora.

Ha Puc.11 nBa BHemHHMX Kpyra u3o0paxaroT rensl E. amylovora ma npsmoit (camoit
BHEITHEH) U KOMIUIeMeHTapHoU uensx xpomocomHoit JIHK, coorBercTBeHHO. ['eHBI, BBIJICICHHBIC
CHHHMM IIBETOM, INpeJcKazain Hamuuue oprojioroB y E. coli K12, Torma kak reHbl KpacHOTO IIBETa -
HeT. OpaHXeBbIe, KENThIE W MypIypHBIE JOKYCH - 3T0 reHsl PHK. BHyTpenHnue kpyru nzoOpaxaror
MPEJCKa3aHHbIE OPTOJOTHYECKUE TEHbl POJCTBEHHBIX OpPraHu3MoB. PHOJIETOBBII U  KpPaCHbBIA
YKa3bIBAIOT HA TE€HbI SHTEPOOAKTEPHAIBHBIX MATONCHOB PACTCHUI, OpaH)KeBbIi YErsinia, uepHsiii E.
coli, >xenterit Shigella, 3enensrit Salmonella, TemHo-cuHUMIT dHTEpOOAKTEpHATBHBIE HIOCHMOUOHTHI



(marmpumep, Sodalis glossinidius ) u rosy6oit Pseudomonas syringae. OTCyTCTBHE OIPEACICHHOTO
L[BETAa yKa3blBa€T Ha OTCYTCTBHE opTosiora. Camblii BHYTPEHHHMH KpYr IpPEACTaBISET KOOPAWHATHI
réHoma. I[BC IJ1asMuabl Ha XpOMOCOMHOfI auarpaMme HMMCHOT Ty K€ IBCTOBYHO CXEMY, UTO H JIBa
BHEIIHHUX KPyra XpOMOCOMHOI'O I'€HOMA.
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Pucynox 11
Kpyrosoe mpencraBienne reHoma mramma Erwinia amylovora ATCC 49946 (Ea273) wu
CpaBHEHHUE C POJICTBEHHBIMH IT'€HOMaMH.

8.  Xylella fastidiosa

Xylella fastidiosa (Xanthomonadales, Xanthomonadaceae) siBisieTcst rpaMOTpHIIATEIBHOM,
HedareIaTHOM, OrpaHUYCHHOW KCHJIEMOM M THTATEJIbHOW NMATOTCHHOW OaKTepHel, CBS3aHHOW C
HECKOJLKUMHU B@KHBIMU OOJIC3HSMH pacTEeHHi, BKIroYas Oosie3Hb Ilupca BunOrpamHoii yo3sl (PD),
nectpeii xj0po3 1uTpycoBbix (CVC) m Gone3nb okora ymctbeB Munpans (ALSD). Bsz, ny0,
oJieaHIlp, KJICH, IuIaTaH, Kode, MEpCUK, INEIKOBHIA, CIMBA, OAPBUHOK, Tpylia M TEKaH TaKKe
SIBIISIIOTCSL IPYTUMH BUJIaMU-X035ieBaMH OakTepuu. B 3TOM poje ecTh TOJBKO OJMH BHUJ, HO pa3HbIC
IITAMMBI XOPOIIIO OXapaKTEPU30BaHbl KaK IMATOTHUIIBI, O MEPEKPECTHBIX WHPEKIMIX MEXIY Pa3HbIMU
X035I€BaMU M IITAMMaMH COO0INAIOCh, HO O3 pa3BUTHSI CUMIITOMOB OOJIC3HHU.

Xylella fastidiosa Oblza mepBBIM  (DUTOMATOrEHOM, TE€HOM KOTOPOIO OBLI IOJHOCTBIO
CeKBeHHpOBaH. Pazmep reHoma u3mensercs oT 2475 mo 2731 T.L.H. MEXKIy IITAMMaMHU U COCTOUT U3
KOJIBIIEBOM XpoMocoMbl U mnasMuj. B momonmnenune k marotumy 9a5C (CVC), B HacTosiee BpeMs
MOJIHOCTBIO cekBeHupoBaHbl Temecula-1 (PD) u apyrue (Biimouas Dixon, Annl, M12, M23 u
GB514). IlonHOT€HOMHBIHM aHAU3 CPEAU IITAMMOB BBISIBIII T€HBI, YHUKAIBHBIE 71 KaXA0T0 IITaMMa
(60 y 9a5c, 54 y Dixon, 83 y Annl u nmeeste y Temecula-1). Mumensl u reHsl, crenubryHbIe s
IITAMMOB, SIBJISIFOTCS. OCHOBHBIM HMCTOYHMKOM BapHaluil cpeiau mTaMMoB. ['eHoM mTamma 0oJie3HU
[Tupca Temecula-1 npencrasnser coboii HacaencTBennblid renom X. fastidiosa. 3a nocnennue 10 et
pacTyiiee KOJTU4IeCTBO MyOIMKAIHiA, CBSI3aHHBIX C TEHOMHON MH(pOpMaIuel, 3HAaUUTETbHO PACITUPUIIO
HAaIIIM 3HaHUS 0 OAKTEpUU U €€ MAaTOCUCTEMAaX.



Xylella fastidiosa ne Hecer cuctembr cekpenuu Il THma, U mo3TomMy mpeanonaraercs, 4To
3TOT MATOreH He mepemernaet 3QGEeKTOPhl B PACTUTEIbHBIC KICTKU JUTS MHIYKIUH OTBETA XO3SHHA.
DTa rUmorte3a MOATBEPIKAACTCS TeM (PaKTOM, YTO B COCYHaX KCHJIEMBI €CTh TOJBKO KJIETYaTKa U
MEpTBbIC KJICTKH, H BO3OYIUTENb 3aHOCHTCS B 3TY TKaHb CBOUM MEPEHOCYUKOM - IUKAIKOU-CTPEIKOM.
Onnako y X. fastidiosa ectb aktuBHble cuctembl cekpermu | Tuma u |l Tuma, koTopsie MOTyT OBITH
CBSI3aHBI C HACOCOM OTTOKA M CEKPEHHCH THAPOIMTHYCCKAX (DEPMEHTOB, COOTBETCTBCHHO, MO3BOJISSI
OaKTepUsAM MEepeMEIIaThcsi B OOKOBOM HAIPABJICHUH Yepe3 MEMOpPAHbI U TIEPEBAPUBATH CTCHKH KIIETOK
pacTeHui.

Pasputne cumnToMOB 3aboiieBaHuii, BbI3BaHHBIX X. fastidiosa, crporo cBs3aHO €O
CIOCOOHOCTRIO OAaKTEPUH PACTIPOCTPAHSTHCS, KOJOHU3UPOBATh M OJOKMPOBATH COCYIBI KCHUJIEMBI.
Konouun pactyr B OHOIUICHKaX, KOTOPBIE MOTYT 3aKyMOPHUBATh COCYIbl KCHJIEMBI W YMEHBIIAThH
TPAHCIIOPT BOJBI M MHUTATEIbHBIX BEHIECTB. Pa3iMuHasi BUPYIEHTHOCTh, MPOSBIISEMas ITaMMaMu X.
fastidiosa, 4acTo cBsi3aHa ¢ pa3IMUMSIMH B UX CIIOCOOHOCTH PACHPOCTPAHSITHCS, KOJOHU3UPOBATH U
OokupoBath cocymsl Kcwiaembl. [Tmmm | tuma u |V tima yuactByror B twitching-moasmwkHOCTH 1
MHTpAIMA, a TaKKe B MPHUKPEIUICHHH M 00pa30BaHHM OWOIIIEHKH, COOTBETCTBEHHO. BHOIUICHKH
BaXHBI JUISI 9TOTO MAaTOTeHa, YTOOBI BBDKUTH B Cpellax C BBICOKOH TypOyJIEHTHOCTBIO, HepenagoM
JaBJICHHS U TUIOXOH JIOCTYITHOCTBIO MUTATEIBHBIX BEIIECTB, TAKUX KaK COCYbI KCHIEMBI U KHIICUYHHK
HACEKOMBIX.

Pucynoxk 12

CHUMIOTOMBI IECTPOro XJIOpo3a MUTPYCOBBIX HA JIMCTHAX U PACTCHUAX CIIaIKOTO all€jibCHHA.

(A) (B)

Pucynoxk 13



(A, B) buomnenka Xylella fastidiosa, 6mokupyromiasi cocyasl KCHIEMbI JepeBa CIIAIKOTO
areybCHHa.

9. Dickeya (Dadantii # Solani)

B 1995 roay Erwinia chrysanthemi Obuia nepeBenena B HoBbIl poa Dickeya u pasnencna Ha
mectp BuypoB: D. dianthicola, D. dadantii, D. zeae, D. chrysanthemi, D. paradisiaca u D.
dieffenbachiae. C Tex nop craio siCHO, YTO HEKOTOPBIC IITAMMBI HE OTHOCSATCSI HM K OJIHOMY M3 ATHX
BUJIOB U MOTYT COCTaBIISITh HOBBIC BHIbI, Hampumep, D. solani. Bce Buapl Dickeya Bbi3bIBaroT
SKOHOMMYECKU Ba)KHbIE 3a00JIEBaHUSl Yy Pa3IMUHBIX pPACTEHMI-X031€B BO BceM Mupe, Bkiouas 10
CeMENCTB 0IHOI0JIBHBIX M 16 aBymonbHbIX. Onnako D. dadantii u D. solani 6wl BeIOpaHbI 3/1€Ch 110
JIBYM OY€Hb Pa3HbIM MPUYHNHAM.

Dickeya dadantii Ber3siBaeT 00Jie3HH B OCHOBHOM B TPONUYECKHX U CYOTPOIMUYECKHX Cpeaax
Y UMEET IIUPOKHUU CIIEKTP XO35€B, BKJIIOYAs CEHIIOJIUIO U KapTodenb. [IpuurHOW ero BKIIOYCHUS
sBisieTcss To, uto D. dadantii mramm 3937 (DDA 3937) 6but BeiOpanHbiM mTamMmmoMm Dickeya s
MOJICKYJISIPHBIX MCCIICIOBAHUIN Ha MPOTSDKEHUHU Oosiee 25 JieT. DTH MCCIEA0BaHUS ChITPAIH BAKHYIO
pONb B HamleM TOHUMAaHWW TATOreHe3a OaKTepUaNbHBIX PACTEHWH, BKJIIOYAsh pPOJb KaTaOoJHM3Ma
9K30()epPMEHTOB W caxapa, TPAHCIOPTA, CEKPEIMH W PETYISAINN JKelle3a, JAOTOJHSS HCCIeAOBAHUS,
CBSI3aHHBIE C JPYTMMH «MSTKMMH THWIsMu» (Bkmiodas Pectobacterium carotovorum u P.
atrosepticum). JIpyrue HemaBHHME 00JaCTH HCCIIEAOBAHUI BKIIIOYAIOT 3aIIMUTy PACTCHUH M PEAKIIUIO
MaTOreHOB HAa 3alIWTy, IIaTOT€He3 Yy TOPOXOBOW TJIHM, a TakKe B3aHMOJICHCTBHE MEXIY
(GUTOMATOreHaMu U YEJIOBCUSCKHMMH MAaTOTeHAMH Ha PacTeHHSX. JJOCTYIMHOCTh TMOCIIEN0BaTEIIEHOCTH
reaoma i1 Dda 3937, aHHOTHMpPOBAHHOW MEXTYHAPOIHBIM KOHCOPIIMYMOM, B COYCTaHHU C
MOIX0AaMHU K (QyHKIIMOHAILHON T€HOMHUKE W CUCTEMHON OMOJIOTHH, pacIIUpsIeT HAITK 3HAHUS 00 ATOM
Y POJICTBEHHBIX MATOT€HAX.

it
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Pucynoxk 14
CHMMOK 5KpaHa Artemis, MOKa3bIBAIOUIMH B3aWMHBIA aHAIM3 HAWIYYIIETO COBIAICHHS

Koaupymomux nocienoBareiabHocteit (CDS) mexmy Pectobacterium atrosepticum (BBepxy) u Dickeya

dadantii 3937 (Buu3y). L[BeTHBIMH JTMHHUAME 0003HAYCHBI OPTOJIOTH; KPACHBIM, TaKasl e OPHEHTAIHS;
CUHMI, TPOTUBOIIOJIOKHAS OPUEHTALIMSL.

Hasanme «D. solani» eme He mnpunsto o¢unuanbio. OMHAKO BHE3aNHBIA  POCT
MOMYJISIPHOCTH 3TOr0 BHUJA B IPOU3BOJCTBE €BPOINEHCKOro KapTodens craenaid ero JO0CTOMHBIM
BKJIIOUYEHHUs. BriepBbie 3TOT «BUA» ObLT 0OHapykeH Ha kKapToderne npumepHo B 2005 roay, BO3MOXKHO,
NEpPElaHHbI XO35MHY C JEKOPAaTUBHOTO DPACTEHHUS, U C T€X IMOP PacHpOCTPaHUIICS HAa MHOTHE



KapTogeneBoaueckre pernonsl B EBpone u 3a ee npenenamu. bosiee Toro, B HEKOTOPBIX PErHOHAX OH,
IMO-BUJAUMOMY, BBITCCHHII CYIICCTBYIOIIUC IIATOI'CHBLI «MATKOU FHUJIM», BO3MOKHO, B PE3YJIbTATC
CBOCH MOBBIIICHHOW arpecCMBHOCTH W/min crocoba 3apaxenus. B 2010 roxy llotmanmus crama
IIEPBOM CTPAaHOM, INPUHSABIICH 3aKOHOJATEJILCTBO B IIOMNBITKE 3AIUTUTH CBOI CEMEHOBOJUYECKYIO
MIPOMBIIIICHHOCTh OT 3TOT0 MMATOTeHa; CTPATEerus, KOTopas 0 cuxX mop Obuia ycrenrHoi. «D. solani»
BBI3BIBACT 0OJIE3Hb B JHANAa30HE TEMIIEPATyp, COOTBETCTBYIOIIUX TEKYIIEMY €BPOIEHCKOMY KIMMATY,
HO TaKXC IIOKa3bIBACT MOBBIMICHHYIO arpe€CCUBHOCTL B 0oJjiee TEIUIBIX YCJIOBUAX, BbI3bIBaA
OTIaceHMsl, YTO M3MEHEHHWE KIMMaTa MOJXKET TNPHBECTH K YBEIWYCHHIO TpoOieM 3abosieBaHUS B
oyaymem. O 6uonoruu D. solani u3BectHO HeMHOT0, HO yueHbIE (B TOM uuciie u3yvaronue Dda 3937)
paboTaroT BMECTE, YTOOBI JTyUIlle TOHATH OMOJIOTHUIO 3TOTO MAaTOT€HA U CIIOCOOBI OOPHOBI C HUM.

Pucynox 15
I'uuns kyOHEH KapTodens, Bei3BanHas Dickeya solani.

0.25cm

Pucynoxk 16
Dickeya solani, skcnpeccupyromuii 3enensiii ¢puyopectenTHeiii 0enok (GFP) Ha kopHsx
KapTodes.

10. Pectobacterium carotovorum (u P. atrosepticum)

Pectobacterium carotovorum (Pcc) u Pectobacterium atrosepticum (Pca) nmepBoHaudanbHO
Obutn KaccubuIMpoBaHbl kKak Erwinia carotovora, moasuj carotovora w momsui atroseptica,
COOTBETCTBEHHO. OTH BHUJbI (I/IJ'II/I HO,HBI/IIIBI) BXOOWJIM B TIpymniry 3pBI/IHI/II71 C MSATKOM THUIIBIO U



TakCOHOMHU4YecKH Onm3ku K Erwinia chrysanthemi (HemaBHO KiaccH(pHUIMPOBAHBI KaK HECKOJBKO
BujoB Dickeya).

Pectobacterium carotovorum reorpaguyecku HIMPOKO paclpoCTpaHEeH, Torja kak Pca B
OCHOBHOM OTpaHWYEH OoJjiee MpOXJaJHbIM KIUMAaToM. PCC sBISETCS 3THOJOTMYECKHM areHTOM
0o0J1e3HEN MATKOW THUJIM HEKOTOPBIX CENIbCKOXO3SAHCTBEHHBIX KYIbTYp, U PCa nMeeT ocoboe 3HaueHne
B KOMMEPUYECKH BXHOW OOJIE3HH YEPHON HOXKKHM KapTo(denss B pETHMOHAaX C yMEPEHHBIM KIMMAaTOM.
OTH TEeKTOOAKTepHUH MITKOH THWIM OBUTM BaKHBIMH «MOJEITHHBIMH» IAaTOTEHAMH Ha 3ape
TeHETHYECKOTo aHanmm3a (¢uromnarorenesa. Vx takconommyeckoe pojactBo ¢ E. coli (cemeiictBo
Enterobacteriaceae) mo3BoJiMIIO JIETKO TEPEHECTH WM pa3paboTaTh MHOTHE T'€HETHYCCKHE
uHcTpymeHTsl u3 E. coli, 4To0bl cenath BO3MOXKHBIM MOJICKYJISIPHBIA aHATN3 BUPYJICHTHOCTH. JTa
TeHEeTHYeCKasi TMOJATIMBOCTh JieKala B OCHOBE IIEPBBIX HCCIIEOBAHUN CTPYKTYphl H  POJHU
BHUPYJICHTHOCTH (DEpMEHTOB, pa3pymarmux KieTodnyro creHky pactenuid (PCWDE); ocobenHO
pasHble MEeKTUHA3bl, IEeJUTI0NIa3bl M MpoTeasbl. L[eHTpanbHbIi KaTaOOIMYECKH TMyTh JErpajaludl |
ACCUMWJISIIIMM TIEKTHHA PACTCHHWH IaTOT€HOM OB TIATENBbHO HM3y4eH. boisiee TOro, aHamu3 poiu
PCWDES B BUpYJIEHTHOCTH TPHUBEI K OTKPBITHUIO CUCTEM CEeKpelnu (pepMeHTOB (CeKpeTopHbIe myTH |
uma ¥ |l THma) w QyHIamMeHTaTbHOMY TOHHUMAHHUIO TOTO, YTO OEIKOBas CHUCTEMBI CEKpEIUH
JIEWCTBYIOT TOCPEICTBOM OOIIMX MEXaHM3MOB B MOJICKYJSIPHOM IMATOT€HE3€ MaTOTEHOB PAacTeHUH U
KUBOTHBIX. DJTO TPU3HAHHE OOIIUX TEM, CBS3aHHBIX C MATOT€HAMH PACTEHHH W JKMBOTHBIX, ceildac
IIUPOKO PACIPOCTPAHEHO.

’

Pucynoxk 17
bonesnp uepHoit HOXKH Kaptodens, Bei3BaHHas Pectobacterium atrosepticum. Buamsr
BHEIITHE 37I0POBbIE MATEPUHCKUE KIIYOHU, HO TaK)Ke 3aMeTHA THUJIb CTEOJIA.



Pucynok 18
Wnentudukanus myranToB Pectobacterium, ¢ MOHMWKEHHONW BHPYJICHTHOCTBIO —pPaCTEHHIA
KapTodens (TecTbl Ha MPUBUBKY cTebiieit). CneBa, TMKUNA TUIT; APYTUe - MOHMWKEHHAs: BUPYJIEHTHOCTb.

[Tomrumo pomm cuHTe3a u cekpeunn PCWDE B BHpYINEHTHOCTH, aHAIW3 MEXaHU3MOB
perymsuun  PCWDE B PCC BbIsIBUIT  (heHOMEH «KBOPYM-30HIMPOBAHUSN», IOCPEJICTBOM KOTOPOTO
MaTOT€H KOHTPOJIUPYET BBIPAOOTKY JETEPMUHAHT BUPYIEHTHOCTH BO B3aMMOJAECUCTBUU C IUIOTHOCTHIO
NOMy/sIMK ~ OakTepuanbHBIX  KJIEeTOK. Pemaroriee  3HaueHWe  maTtoreHesa  MEKTOOAKTEpHid,
BOCIIPUHUMAIOIIIETO KBOPYM, OBUIO TOATBEPXKACHO MCCIEAOBAHUSAMU Ha TEHHO-UH)KEHEPHBIX
pacTeHusIX. 3aBUCAIIUNA OT IUIOTHOCTH KOHTPOJIb (aKTOPOB BUPYICHTHOCTH, MOAYIHUPYEMBbIi
cBOOOIHO UDPYHIAUPYIOMIMMU MEKKICTOYHBIMA CUTHAJBHBIMU MoOJIeKysiaMu N- aliil roMocepuH-
JJAKTOHA, B HACTOSILEE BPEMS SIBJIAETCS XOPOILIO YCTAaHOBJIEHHBIM IMPU3HAKOM PA3JIMYHBIX MaTONEHOB
pactenuii M kuBOTHBIX. Kpome Toro, Pcc Obuia ogHOM M3 mepBbIX OakTepuil, KOTOpbIe, KaK ObLIO
MOKa3aHo, TPOIYIUPYIOT |-kapOamneH-2-eM-3-KapOOHOBYIO KHCIIOTY, WIECH Kiacca KapOarneHeMOB
OeTa-JIaKTaMHBIX aHTHOMOTHUKOB, M TPOU3BOACTBO ATOI0 aHTUOMOTHKA KO-PErynupyercs ¢ pakropamu
BupyineHtHocth PCWDE  uepe3 KBOpyM-CEHCHHI (Y4yBCTBO  KBOpyMa). TpaHCKPUITOMHBIMH
uccaenoBanusiMu in planta 6pu10 MOKa3aHO, YTO KBOPYM HIPAET CYIIECTBECHHYIO POJIb TPH 3apaskeHUN
pacTeHul B KOHTPOJE HECKOJBKUX COTEH I'€HOB, KOJUPYIOIUX Pa3IN4HbIC MMPOAYKTHI, BIUAIOIINE HA
(Gbu3MOJIOTUM MaTOreHe3a PacTeHH. DT T'eHbl KOAUPYIOT TaKue OCOOCHHOCTH, KaK MHOKECTBEHHbBIC
nytu cekpeuuu OenkoB (Bkimowyas Mexanusmbl II, III, IV u VI tumnos), BeIpabOTKY BTOPUYHBIX
MeTaboJIUTOB M HHTEpPEeCcHbI HaOOp OenKoB ¢ Hem3BecTHOM (yHKuuel. MccnenoBanusi perynisiuu
PCWDE Ttakxe npoaeMOHCTPUPOBAIM KIIOUEBYIO pOJIb B IOCTTPAHCKPUIILIMOHHOM KOHTpPOJIE
JKCIIPECCUU TEHOB C MOMOLIBIO cucTeMbl RSmAB, npyroil peryisiToOpHONM CUCTEMBI, KOTOpas, Kak
OBLIO MOKAa3aHO, BCTPEYAETCs B APYrUX MATOT€HAX PACTEHUHN U )KMBOTHBIX.

Pectobacterium atrosepticum Obia TEpBBIM  SHTEPOOAKTEPUATBHBIM  (PUTOMATOICHOM,
KOTOpBI OBLI T€HOMHO CEKBEHHMPOBAH, U B TO BpEMs 3TO BBIABWIIO pa3IMYHbIE HEOXKUJIaHHbIE
IpeJcKa3aHHble YepThl MaTOreHa, BKIIOYas HalIM4Me CeKpelMoHHbIX MamuH IV tuna m VI Ttuna,
BbIPAaOOTKY HOBBIX TOKCHMHOB BTOPHYHBIX METa0OJUTOB M CIIOCOOHOCTH (UKCHpOBaTH a30T. Kpome
TOr0, TOCJIEA0BATEIbHOCTh T'€HOMA BBISIBUJIA YBJIEKATEJIbHBIE 3BOJIIOLIMOHHBIE OTHOIIEHUS MEXTY
3TUM SHTEPOOAKTEPHATIBHBIM MMATOTEHOM PACTEHUN M TAKCOHOMUYECKH POJCTBEHHBIMHU IaTOT€HAMHU
KHUBOTHBIX. B wacTHOCTH, OBLIO MOKa3zaHO, 4To PCa HeCyT cepHio F€HOMHBIX OCTPOBKOB, HEKOTOpHIE
U3 KOTOPBIX SBJISAIOTCS OYEBHIHBIMU JIOKYCAaMH BUPYJIEHTHOCTH, U T€HOB KOJIOTUYECKOI afanTaiuu,
NpUOOPETEHHBIX MYTeM TOPU30HTAJIBHOTO TNiepeHoca. ['eHomHass uHQopManus Tenepb JIOCTYIHA



IU1sl ITaMMOB PCC 11 ipyrux «ObIBIIMX BHIOB Erwinia», kotopeie Teneps nepekiaccu(uIMpoBaHbl B
pox Dickeya.

DKOJIOTHYECKHE uccinenoBanus Pcc (u Pca) ObLITH KJIACCUYECKHU
¢denomenonorndeckumu. OTHAKO HEJIABHHE HMCCIICIOBAHUS MOKA3AIM BAXKHYIO POJIb CICHUPHYCCKUX
OCJIKOB B BO3MO)KHOM JKOJIOTMYECKOM PacCIpoCTpaHeHHH PCC HACEKOMBIMU-TIEPEHOCUYNKAMH, TAKHMHU
kak Drosophila. MutepecHo, 4YTto Myxa TakkKe BBIMI'PBIBAET OT JTOTO B3aUMOJICUCTBHS C
(HUTOMATOrCHOM 32 CYET CTUMYIISIIH BPOKICHHOW MIMMYHHON CHCTEMbI HACEKOMBIX.

HaxkoHer, NOMUMO MX BO3JCHUCTBHS Ha CEILCKOE XO3SHCTBO, Mbl HE JIOJDKHBI HTHOPUPOBATH
JABHEC TPaHCISIIAOHHOE 3nauenue Pectobacterium spp. Hampuwmep, nepuIniaZMaTHicCKast L-
acraparvHaza u3 PCC KIMHUYECKH UCIONB3YEeTCs MPU JICYCHUU OCTPHIX JTMM(OIUTAPHBIX JICHKO30B,
M, MCTOPHYECKH, HEKOTOpbIC POJCTBEHHBbIC PEKOMOMHAHTHBIC BUBI Erwinia paccmarpuBaiuch Kak
BO3MOYKHBIE HHCTPYMEHTBI JJIsl OMOTEXHOJIOTHYECKOTO MPOU3BOIcTBA BUuTamuHa C.



Vocabulary

1 aJlanTHPOBaTh adapt

2 aHaJIN3 analysis

3 0e300H THBIH Innocuous

4 0e301acHbIf safe

5 0e3yCIIOBHO absolutely

6 HECOMHEHHO no doubt

7 OJIarONPHUATHBIC YCIOBHSI favorable conditions

8 OJeCTsIIHiA brilliant

9 OJIM3KO K MOEH CIIeIMabHOCTH close to my area

10 | Gonee Toro, ... moreover, ...

11 | Gonesnp disease

12 | GombliIe BCETO ... most of all, ...

13 | OBbITh BEI3BaHHBIM result from / be due / be cause to
14 | ObITH 1OJT BIMSIHUEM Y-JI be affected by

15 | B manpHelHIIEM further

16 | B JaHHBIIH MOMEHT, ... at the moment, ...

17 | B 3aKkjIIOYEHHE, ... in conclusion,...

18 | B KOHIIE KOHIIOB, ... after all, ...

19 | B mobowm criyyae, ... in any case, ... / anyway, ... / either way, ...
20 | B oOmiem, ... all in all, ...

21 | B mepByIO OYepesp, ... in the first place, ...

22 | B pe3ynbTaTe ... as a result of ...

23 | BaXXHO OTMETHTH, YTO ... it is important to note that ...
24 | BaXXHO TIOMHHTb, UTO ... it is important to remember that ...
25 | BaXXHOCTb importance

26 | BaxKHBII significant

27 | BaXXHBIM SIBIIICTCS TO, UTO ... an important point is that ...
28 | BmaBaTbCs B IOAPOOHOCTH go indetails

29 | BeJIMKOJICIHBIH excellent

30 | BEpOSATHOCTH probability

31 | BecbMa / JOBOJILHO quite

32 | B3aMMOCBS3b relationship

33 | BUIUMBIN apparent

34 | Bkiaj contribute

35 | BKIIOYATH include

36 | BausHHE impact / effect / influence
37 | BMECTO TOTO, YTOOHI ... Instead of ...

38 | BHEAPATH adopt

39 | BHemIHMI external

40 | BHUMaHUE / OTHOIIICHHE regard

41 | BHYTpeHHUI internal

42 | BHYTPHMOJICKYJISIPHBIH intramolecular

43 | BOBJICUCH involved

44 | BO3MOKHO perhaps

45 | BO3MOKHO be likely

46 | BO3HUKHYTH appear

47 | BO30OHOBIISITH proceed

48 | BooOIIIE-TO, ... actually, ...

49 | BO-IIEPBBIX, ... firstly, ...

50 | BoccTaHaBIMBATh recover




51 | BoccTaHOBIIEHUE resurgence
52 | BpenHblii harmful

53 | Bpemsi OT BpEMEHHY, ... from time to time, ...
54 | Bcmblmika outbreak

55 | BcraButh insert

56 | BcTaBKa insertion

57 | BBIOOD select / option / choice
58 | BeIBOJI conclution

59 | BBIBOOUTH (BBIBOJIBI) draw

60 | BeLABHTaThH put forward
61 | BbLABHIraThH advance

62 | BEDKHUTH survive

63 | BBI3BIBATH cause

64 | BBITOJIHUMBII feasible

65 | BBITIOJIHUTH complete

66 | BBINOJHATH perform

67 | BBIpaxartp express

68 | BbIlIe (KAKOTO-TO 3HAUCHHS) above

69 | ruOkuit flexible

70 | rmaBHBIN major

71 | rogoBoit annual

72 | rpagyc degree

73 | rpadux graph

74 | manHBIE finding

75 | maHHBIE evidence

76 | maHHBIE data

77 | IBOMICTBEHHBII dual

78 | ABYHHTEBOM double-strand
79 | NENCTBUTENBHO, ... indeed, ...

80 | mekan dean

81 | menartsp eI loop

82 | menenue division

83 | menuts divide

84 | nuanos3oH range

85 | muknit wild

86 | muTenbHOCTH duration

87 | murenbHBIMA long-time

88 | mus Toro, 4TOOHI ... In orderto ...
89 | noBox argument

90 | m0303BUCHMBII dose-dependent
91 | moka3bIBaTH proof

92 | H0ArOCPOYHBIit long-time

93 | moyKeH mpU3HATS, ... I must admit, ...
94 | TONOTHUTENBHBIH supplementary
95 | HOMOJHUTENLHBIH manor

96 | IOMOJHUTEILHBIN additional

97 | momyckatb assume

98 | mocraTouHO sufficient

99 | gocraTouHO enough

100 | gocturars reach

101 | nocturHyTO achieved




102 | moctmxHue achievement
103 | mocToBepHbIi valide

104 | noctyn access

105 | mocTymHbII available

106 | npyruMu cloBamy, ... in other words, ...
107 | nyOonupoBaHue duplication

108 | xuaxocTh fluid

109 | 3aBUCUMOCTH dependence

110 | 3aBUCHUTH OT... depend on

111 | 3aKOHOMEPHOCTH regularity

112 | 3ameHHTD replace

113 | 3ameTHTh notice

114 | 3anuch recording

115 | 3amyraHHBI sophistication
116 | 3aTpaTsl expenses

117 | 3arpaThl costs

118 | 3ammra defence

119 | 3asBKa application

120 | 3nauenue value

121 | 3HAYUMOCTH significance

122 | 3HaUMTEIBHBIIH considerable
123 | 3pensiit mature

124 | uzberath avoid

125 | n30bITOK excess

126 | uzBneun extract

127 | uamepenue measure

128 | usmepaThb measure

129 | uzobperaTh invent

130 | umeeT cMBICT ... it makes sense (to) ...
131 | umeTh B BUAY take in a count
132 | uHIyIUpOBaTh induce

133 | uaTEepIpeTUPOBATH interpret

134 | uadopmupoBath inform

135 | uckaxxenue distortion

136 | uckmioyarhb exclude

137 | ucrnonb30BaTh apply

138 | ucneIThIBaTH test

139 | uCHBITHIBATH expirience

140 | uckyccTBEHHBIH manmade

141 | uccnenoBanue research/invastigashion
142 | ucTo4yHuK original

143 | k coXaJeHuIo, ... unfortunately, ...
144 | k cyacThIO ... luckily, ... / fortunately, ...
145 | x Tomy Xe, ... in addition, ...
146 | kaxercs, (4T10) ... it seems that ...
147 | xauecTBEHHBIN qualitative

148 | xonupoBaTh encode

149 | konMU4YeCTBEHHBIH quantitative

150 | koMmOHEHT compound

151 | xopoue, ... / KOpoue ToBOps, ... in short, ... / in a nutshell, ...
152 | xparkuii brief




153 | kpome ToTO, ... besides, ...
154 | nexamuii B OCHOBE underlying
155 | neuenue treatment
156 | nykoBuua bulb
157 | marpuna array
158 | Mexy mpoumM, ... / KCTaTH, ... by the way, ...
159 | meton technique
160 | mumeHn target
161 | mHE ciemoBaio OFI ... I should ... /I had better ...
162 | MHOTOYHCIICHHBIN numerous
163 | MmosenupoBanue simulate
164 | MoXeT mokasaThes, 9To ... it may seem that ...
165 | Ha camoMm Jene, ... in fact, ... / Actually, ...
166 | Ha3HauaTh assigh
167 | HakamIuBaTh accumulate
168 | nakowner, ... finally, ...
169 | HapammBaTh build up
170 | HACKOJIBKO S 3HAIO ... as far as I know, ...
171 | HaCKOJIBKO 51 MOTY CY/UTh, .... as far as I can judge, ...
172 | nacnencTBEHHOCTh inheritance
173 | HacTpoiiku set-up
174 | He BaXHO, YTO ... it doesn't matter that ...
175 | He BO3BMOKHO be unlikely
It is not surprising that... / It is no great surprise
176 | He yIUBUTEIBHO, YTO ... that ...
177 | HemocTaTok lack
178 | HemocTaToK flow
179 | HemocTaToOK drawback
180 | HemocTaTok disadvantage
181 | HemocTaToOK defect
182 | HemoCTATOYHBIN insufficient
183 | HEmOCTATOYHBIH deficient
184 | HeoOX0UMBII essential
185 | HemocpeacTBEHHBII indirect
186 | HempaBUIIbHBIM incorrect
187 | HecoBnageHUE mismatche
188 | HeneneBoe off-target
189 | HO KpOMeE 3TOTO ... but other than that, ...
190 | obGepThIBaTH wrap around
191 | obecneunBath provide
192 | obmacth fild
193 | oOHapyxuBaTh detect
194 | o6o06mIeHne generalization
195 | 0600IIEHHEIHI general
196 | oOpabartbIBaTh process
197 | oOpaboTka treat
198 | oOpaboTka process
199 | o6caenoBars examine
200 | oOmmit common
201 | 0ObenMHEHHBIHI joint
202 | 00BeUHATE combine




203 | 0OBACHATD explain

204 | o0s3aTenbHBI HABBIKU hard skills

205 | orpaHUYMBATH limit

206 | omnako, .../ Tem He MeHee, ... however, ...

207 | omHHM CIIOBOM, ... in aword, ...

208 | oka3zanoch it is prooved

209 | okazanocsk, 4To ... it turned out that ...

210 | okpyxatb surround

211 | ocnabnsTh attenuate

212 | ommcaTelbHOE UCCIICIOBAHKE descriptive study

213 | onuchIBaThH describe

214 | onpenensTth identify

215 | onpexnensrth determine

216 | ompenensTh define

217 | onpenensTth define

218 | omyxouib tumor

219 | ombuteHne pollination

220 | opueHTHD landmark

221 | ocHOBa backbone

222 | OCHOBHOM major

223 | 0coOCHHOCTH / uepTa feature

224 | 0coObIit specific

225 | OCyIIEeCTBIISATh implement

226 | oTBET response

227 | oTnenbHBIN individual

228 | OTHCNATH separate

229 | oTKa3aTh refuse

230 | OTKJIOHSATBCS deviate
OTKPOBEHHO TOBOPS, ... / Y€CTHO TOBOPH,

231 | ... frankly speaking, ... /to tell the truth, ...

232 | oTnu4ath distinguish

233 | oTiinvaTh differ

234 | OTHOCHTBCS K relate to

235 | oTpaxkaTh reflect

236 | oTcyrcTBHE absence

237 | oueHUBAaTH estimate

238 | oueHuBaTh assess

239 | oueBUIHBIH obvious

240 | oueBUIHBIH evident

241 | oYeBUTHBIN apparent

242 | nepBHYHBII primary

243 | nepekpenBaTbCs Cross over

244 | nepekpbITHE overlap

245 | mepeyncnaTh list

246 | mo MoeMy MHEHHIO, ... in my opinion, ....

247 | no mpasjie roBops, ... to tell the truth, ...

248 | no cytu ziena, ... as a matter of fact, ...

249 | noGounsIi 3¢ dexT side effect

250 | moBenenue behavior

251 | noBepXHOCTh surface

252 | NoBTOPATH repeat




253 | noBBIIIATH raise

254 | monaBIsAThH suppress
255 | nmonBepraTh expose

256 | MOArOTOBUTH prepare
257 | moiroToBKa (CIenuaIncTa) training
258 | monep KUBaTh CBS3b C keep in touch with
259 | moyo3peBaTh suspect
260 | moapoOHBIii detailed
261 | monTBepKIAThH support
262 | moaTBepKIATh confirm
263 | mojaxon approach
264 | o xoAsuit suitable
265 | mo3BOJIATH enable

266 | moka3bIBaTh display

267 | monarath think

268 | moyarath believe

269 | mony4athb obtain

270 | moyb3a benefit

271 | noHnMaHnue insight

272 | mombITKa attempt
273 | mopaxathb invade

274 | mocnemoBaTeIbHO consequently
275 | moCTaBUTh 33144y pose a problem
276 | moCTeneHHBbIH gradual
277 | motepu losses

278 | mOTOMCTBO offspring
279 | mousa soil

280 | mosiBIeHUE emrgence
281 | mpakTHKa practice
282 | mpeBHIIIATH exceed

283 | mpennaraTh suggest
284 | mpeaoCcTaBiIATh provide
285 | mpegoTBpamarh prevent
286 | mpeamosaraTh suppose
287 | mpeamosaracMpIit putative
288 | mpeacka3pIBaTh predict

289 | mpex e Bcero, ... first of all / above all
290 | mpenMyIecTBo advantage
291 | mpekpaTuTh cease

292 | npu 3aJaHHBIX YPOBHSIX at set levels
293 | mpuOIU3UTETHHBIN approximate
294 | mpubop tool

295 | mpubop instrument
296 | mpubop appliance
297 | mpuBIEKaTh involve

298 | mpuemiemMo acceptable
299 | npuknaaHoe (KUccien.) applied

300 | npukpenyieHue attachment
301 | npukpemsATh attach

302 | npuHUMAaTh accept

303 | mpuobperath acquire




304 | npucnocabauBaTHCS adapt

305 | npucnocoOJICeHHOCTD fitness
306 | mpucyrcTBue present
307 | mpucyrcTBue occurrence
308 | mpucymuit inherent
309 | mpobiema task

310 | mpobiema problem
311 | mpobGiema objective
312 | mpobnema aim

313 | mpoBepsIThH test / chek / veryfi
314 | mpoBOUTH perform
315 | mpoBOUTH conduct
316 | mpoBOUTH conduct
317 | mpoBOIUTH carry out
318 | mpoBOIUTH carry out
319 | mpou3BOIUTH produce
320 | IpoJIOKUTH pave

321 | npoMeKyTOUYHBIH intermediate
322 | IpOMBIIIJICHHOCTb industry
323 | mpoHHKATh penetrate
324 | mpopsIB rupture
325 | mpocTpaHCTBO expanse
326 | npOTHBOPEYHTH contradict
327 | nposBIATH demonstrate
328 | mpsiMoit direct

329 | nyOIMKOBaTh publish
330 | paBHOBECHE equilibrium
331 | paBHATHCS equal

332 | pazbpoc dispersal
333 | pa3nenbHO apart

334 | pazmep dimension
335 | pa3mMecTUTh locate

336 | pazHooOpasme diversity
337 | pa3pabarbIBaTh design
338 | paspernienue resolution
339 | pa3po3HEHHBII random
340 | pa3pyuiuTenbHbIi disruptive
341 | pana wound
342 | pacmo3HaBathb recognize
343 | pacnoyiarath arrange
344 | pacipocTpaHeHHE spread
345 | paccmarpuBath discuss
346 | paccmarpuBaTh consider
347 | pacuer calculate
348 | pacumdpoBath decipher
349 | pearmpoBatb respond to
350 | perynupoBath adjust

351 | penakTupoBaTth edit

352 | peaxuit rare

353 | pexum regime
354 | pe3kuit radical




355 | pucyHok figure
356 | pykoBOIUTH manage
357 | pyKOBOJIUTH lead
358 | pyKOBOIUTH head
359 | pyKOBOIUTH guide
360 | psin a number of
C OJTHOH CTOPOHBI, ... , C APYrOl CTOPOHBI,
361 | ... on the one hand, ..., on the other hand, ...
362 | caxeHelr seedling
363 | camo co00¥ MOHATHO, YTO ... it is self-evident that ...
364 | camo coboii pazymeercs, 4To. .. it goes without saying that ...
365 | cBUAETENHCTBO evidence
366 | cBoiicTBa properties
367 | cBsI3aHBI ¢ linked with
368 | cBs3bIBATH bind
369 | cBs3b bond
370 | cepne3HbIit severe
371 | cumbHBII intense
372 | cknagpIBaTh fold
373 | ckOpoCTh speed
374 | ckpemuBaTh interbreed
375 | ckpy4HBaTh coil
376 | cnmencTBue outcome
377 | cneayer OTMETHTH, YTO ... it should be noted that ...
378 | cIIOKHBIH complex
379 | cnyXuTh serve
380 | ciryuaitHbIit accidental
381 | cmbIcH meaning
382 | cravana ... at first, ... / first, ...
383 | cHIKATH reduce
384 | cHuMaTh NOKa3aHUs take the readings
385 | coObITHE event
386 | coBeTyro BaM ... I advise you (to) ...
387 | COBOKYITHBIM aggregate
388 | cooTBETCTBOBATH correspond
389 | cooTBETCTBYIOIINI corresponding
390 | cooTHOIIEHHE ratio
391 | conmocTaBIATh compare
392 | comocTaBUMBIi comparable
393 | conmpoBOXKIaTh accompany
394 | cocraB composition
395 | cocraBisTh make up
396 | cocTaBaaTh / cO31aBaTh compose
397 | cocTosITh consist
398 | cmocob way
399 | cocoOHOCTh capacity
400 | ctocoOHOCTh ability
401 | cnocoOHbII capable
402 | cnocobcTBOBATH promote
403 | cnmocobcTBOBATH facilitate
404 | cnmoco6cTBOBATH contribute




405 | cpena medium

406 | ctpykTypa structure

407 | cymiecTBOBaHUE existence

408 | cymecTByromuit existing

409 | chepa scope

410 | cxema schema

411 | cuurath consider

412 | tabnuia table

413 | Tak )K€ KaK U ... as well as ...

414 | Takxe ... also, ...

415 | Takum oOpazom thus

416 | Te3uCHBIC BBICKA3bIBAHHSI bullet points

417 | Texymmit current

418 | TeM BpeMEHEM, ... meanwhile / meantime
TEM HE MEHee, ... / BCE-Taku, ... / OJHaAKO,

419 | ... nevertheless, ...

420 | Tema theme

421 | Teopetryeckoe (Mccies.) basic

422 | Teopusi theory

423 | TepsTth lose

424 | tecHbI close

425 | Toumo be sure

426 | TouHbIH accurate / exact

427 | To4HBIN accurate

428 | TpeboBaHMs requirements

429 | TpeBora alarm

430 | TsoKenblii severe

431 | ybupatp remove

432 | ynaneHue remove

433 | ynaneHnue remove

434 | ynanenue eliminate

435 | ynmanenue deletion

436 | yiuBISATH amaze

437 | ymoOHbIii comfortable

438 | ymoBIETBOPUTEILHBII satisfactory

439 | y3Hath learn

440 | yka3pIBaTh recognize

441 | yka3piBaTh indicate

442 | yka3pIBaTh Ha point out

443 | yny4uiath improve

444 | yauBepcaIbHBbIA versatile

445 | yHUuTOXKECHUE eradication

446 | yIuIoTHATBCS condense

447 | ynoMuHaTh cite

448 | ynoMsHyTb remark

449 | ynoMsHyTbh mention

450 | ynopsiiouuThb put into order

451 | ynpaBisTh regulate

452 | yrpaBisTh manage

453 | ympaBisTh govern

454 | ynpaBisTh control




455 | ympomenue simplification

456 | ypaBHeHHE equation

457 | ypoBEHbD level

458 | ypoxait crop

459 | ycunme effort

460 | yCKOpsITh speed up

461 | ycKOpsITh accelerate

462 | ycnoBue condition

463 | yCIOKHSATH complicate

464 | ycriex success

465 | ycrex progress

466 | ycrex advance

467 | ycTaHOBHTD establish

468 | yuactue / BOBICUCHHE involvement

469 | yuuTHIBATH consider

470 | dbakrugeckuii factual

471 | pakrop factor

472 | depmeHT enzyme

473 | bopmyna formula

474 | bopMymupoBaTh form

475 | byHKImS function

476 | xapaKTepuCTHKA characteristic

477 | xon paboThI progress

478 | X0351H host

479 | XOpoIIIO U3BECTHO, YTO ... it is well known that ...

480 | xpanenune storage

481 | XxpaHUTH store

482 | neneHanpaBICHHO purposefully

483 | eHHbIN valuable

484 | gmcio number

485 | uncrora purity

486 | uneH member

487 | uto Kacaercs ... as for ... / concerning ...

488 | yyBCTBUTEILHBIN sensitive

489 | mupoxwuii wide

490 | mumpoxo extensively

491 | mrrar staff

492 | 3TO MOXET 03HA4YaTh, 4YTO ... it can mean, that ...

493 | 5 heKTUBHOCTD efficiencies

494 | >bbexTUBHBIIM effective

495 | s ObI Ipearoyen ... I would rather ...

496 | s Ob1 XOTET ... I would like to ...
s TyMaro, ... / g ToJiararo, ... / 1 C4uTaro,

497 | ... I think, ... /I believe, ...

498 | siBIEHMS IPUPOIBI natural phenomena

499 | s13Ba canker

500 | sicHbIf clear




