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Escherichia coli

Pseudomonas aeruginosa

Bacillus pumilus
P. versatile

Rhodococcus
Botrytis

Pisum sativum

Helianthus 
annuus



10 

Nocardia mangyaensis
Bacillus ginsengihumi

Medicago lupulina 
Rhizophagus irregularis 

NtEXPA5 AtGSTF11 ARGOS-LIKE

Pseudomonas fluo-
rescens Fusarium cul-
morum
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MEDICAGO TRUNCATULA
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WOX2 WOX

Arabidopsis thaliana WOX2 

in vitro

Medicago truncatula
MtWOX2 

MtWOX2 
MtWOX9-1

MtWOX2 MtWOX9-1
MtWOX2 

M. truncatula
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C. intybus
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Vaccinium corymbosum

in vitro 

V. corymbosum
V. corymbosum
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V. corymbosum

V. corymbosum

in vitro

Vaccinium

in vitro

Vaccinium corymbosum



24 

Triticum aestivum
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AIGEIROS TACAMAHACA 
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Chloride channel protein CLC-c
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  24-24-20122, https://rscf.ru/project/24-24-20122/.  
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Medicago truncatula
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Arabidopsis thaliana
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PISUM SATIVUM

Pisum sativum
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Thermopsis lanceolata jacutica in vitro

in vitro
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ASPERGILLUS NIGER

Aspergillus niger A. niger
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A. niger

A. niger
A. niger

A. niger
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Aspergillus niger



61 

Chlorella .  

 /



62 
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W. coagulans W. somnifera
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  24-76-10065, https://rscf.ru/project/24-76-10065/ 
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GLUTAMICIBACTER
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COLLETOTRICHUM LINI
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  22-16-00169, https://rscf.ru/project/22-16-00169/.  
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E. coli

E. coli 
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E. coli

E. coli
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Escherichia coli
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B. subtilis

Bacillus subtilis
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B. subtilis
B. subtilis 
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B. subtilis
B. subtilis

F. culmorum  Fusarium 
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sativum B. subtilis

B. subtilis

B. subtilis 
B. subtilis

 F. culmorum  Fusarium spp., 

B. subtilis
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in vitro
B. subtilis

B. subtilis
B. subtilis

B. subtilis 

Fusarium 
culmorum 
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um sativum 
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Bacillus Pseudomonas 

B. licheniformis B. marisflavi 

B. velezensis  Ps. brassicacearum

Ps. brassicacearum 

B. licheniformis B. velezensis

B. marisflavi 
Ps. 

brassicacearum
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B. 
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B. subtilis
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Bacillus
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Bacillus
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K. PNEUMONIAE
STAPHYLOCOCCUS AUREUS – 

KLEBSIELLA PNEUMONIAE 
S. AUREUS

S. aureus – K. pneumoniae K. pneumoniae

S. aureus – K. pneumoniae
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icaA
S. aureus – K. pneumoniae

S. aureus pgaA

S. aureus – K. pneumoniae

K. pneumoniae

S. aureus K. pneumoniae. 
S. aureus K. pneumoniae

S. aureus

pgaA K. pneumoniae 
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K. pneumoniae 
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 K. pneumoniae.  
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Ensifer
Neorhizobium

in vitro
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in vitro

Ensifer meliloti Neorhizobium
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Sphingobium yanoikuyae
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 ,   22-15-00099.  

Hyssopus officinalis
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E. coli
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Acinetobacter seifertii Pseudomonas extremaustralis
P. aeruginosa Rhodococcus qingshengii Dietzia maris
A. junii Enterococcus faecium

Lactobacillus paracasei

E. faecium
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E. faecium

E. faecium
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Trichoderma harzianum Fusarium oxysporum

F. oxysporum
T. harzianum
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F. oxysporum T. harzianum

T. harzianum

F. oxysporum

 

F. oxysporum

F. oxysporum

F. oxysporum T. harzianum

F. oxysporum T. harzianum
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F. oxysporum T. harzianum

       
,   22-23-00320, https://rscf.ru/project/22-23-00320/.  

Panicum maximum

BACILLUS 
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Bacillus
Bacillus 
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F. oxysporum
F. oxysporum F. solani A. alternata
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Bacillus Bacillus Bacillus
Bacillus
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Fusarium oxysporum Bacillus Bacillus 

Bacillus sp. 
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Acinetobacter 
Agrobacterium Flavobacterium

Micrococcus
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Rhodococcus  Halomonas 

Rhodococcus 

Halomonas 

Halomonas
Rhodococcus 

Rhodococcus
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Rhodococcus Halomonas
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 (   23-24-00308).  

Poa pratensis
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METHYLOTUVIMICROBIUM ALCALIPHILUM

Methylotuvimicrobium alcaliphilum

M. alcaliphilum

Gammaproteobacteria
M. alcaliphilum

M. alcaliphilum

M. alcaliphilum
M. buryatense

M. alcaliphilum fumI fumII
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mae
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M. alcaliphilum
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rpoD hflK hflC

cfa

E. coli Helicobacter pylori
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aeruginosa
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M. alcaliphilum

       23-24-00497.  

BACILLUS PUMILUS

Bacillus pumilus
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Bacillus pumilus

Bacillus pumilus

B. subtilis Pichia pastoris.  

mprBp mprBp. 
B. subtilis B. subtilis B. subtilis

B. subtilis B. subtilis

P. pastoris mprBp P. pastoris
mprBp
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B. pumilus

B. pumilus

B. subtilis mprBp
B. subtilis mprBp
B. subtilis mprBp
B. subtilis mprBp
P. pastoris mprBp
P. pastoris mprBp

Bacillus pumilus
B. subtilis mprBp. 

        
        23-24-

10059.  
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Bacillus subtilis

Bacillus pumilus
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Saccharomyces cerevisiae Komagataella phaffii
Pichia pastoris

S. cerevisiae MATa 

MFA1 MFA2

FAR1 – 
BAR1,

Aspergillus niger
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Chlorella sorokiniana
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1  2
3
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      ,  
 21-74-30003.  

BACILLUS

Bacillus subtilis

Bacillus
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Bacillus subtilis 20  17(8)

Bacillus subtilis
Bacillus subtilis 17(8)
Bacillus subtilis 20 

R P R P R P R P

B. subtilis
B. subtilis
R

Bacillus subtilius
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Bacillus subtilis –10–  /
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m

c

VI S
V

P
Q

m

t
c

t

VS
V

P I t t dt
Q

I
S

Q
T

Chlorella sorokiniana 



193 

PANTOEA BRENNERI

Pantoea brenneri

Pantoea brenneri

P. brenneri P. brenneri

P. brenneri P. brenneri

P. brenneri
P. brenneri
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P. brenneri
P. brenneri

P. brenneri
P. brenneri

P. brenneri P. brenneri

P. brenneri
P. brenneri

P. brenneri P. brenneri

     24-26-00289.  

Pantoea brenneri

Pantoea brenneri Bacillus gin-
sengihumi

Pantoea
agglomerans
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Streptomyces

Streptomyces Streptomyces tauricus Streptomyces
Streptomyces anthocyanicus Streptomyces rubrogriseus 

Streptomyces
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Streptomyces anthocyanicus

Streptomyces anthocyanicus

Streptomyces

PANTOEA BRENNERI

Pantoea
Pantoea 

Pantoea

Pantoea

Pantoea 
brenneri, 
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Pantoea 

Pantoea brenneri. 

 
P. brenneri

P. brenneri 

P. brenneri

P. brenneri
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P. brenneri
P. brenneri,

P. brenneri

P. brenneri

P. brenneri

P. brenneri

P. brenneri

P. brenneri

P. brenneri

       -
  24-26-00289.  
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E. COLI

Escherichia coli

E. coli  
Escherichia coli E. coli 



200 

      -
   22-14-00093 
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ESCHERICHIA COLI

Escherichia coli

E. coli 
gshA

cyuA mstA
cysM



202 

gshA
cyuA

cysM gshA cyuA
E. coli

       22-14-00093.  

Escherichia coli
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PSEUDOMONAS AERUGINOSA

Pseudomonas aeruginosa  

P. aeruginosa

P. aeruginosa  

P. aeruginosa. 

P. aeruginosa.  

P. aeruginosa

  P. aeruginosa

P. aeruginosa. 

     ,  -
         

.   FZSM2022-0017.  
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BACILLUS PUMILUS

B. pumilus 

,

B. pumilus 

B. pumilus

B. pumilus 

B. pumilus 
mprBp
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Escherichia coli
E. coli

cas9 xyl

mprBp

B. pumilus 

mprBp 
B. pumilus 

B. pumilus 

B. pumilus 
        

        23-24-
10059.  

Bacillus intermedius

Bacillus intermedius
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Bacillus pumilus

P. VERSATILE

Pectobacterium 

pelI pehA, 
. 

pehA pelI 

P. versatile
pelI pehA

pehA P. versatile

pehA
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pelI  
 

pelI pehA

pelI
p
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      -
  (   20241129).  

Pseudomonas aeruginosa Klebsiella pneumoniae 
Escherichia coli

K pneumoniae 

K pneumoniae
E. coli 
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P aeruginosa K pneumoniae E. coli

P. aeruginosa K pneumoniae E. coli

P. aeruginosa
K pneumoniae E. coli

mexB
mexD mexY ampC aac3-IIa aphA1 aadB rpsL

     ,  -
      -
    .   FZSM-2022-0017.  
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in vivo

Limosilactobacillus fermentum



211 

Lactiplantibacillus plantarum Lactiplantibacillus 
plantarum



212 

       
 (  -22-16-00040). 
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Azotobacter Bacillus

Bacillus megaterium Phosphaticum
Bacillus mucilaginosus

Bacillus



214 

B. megaterium phosphaticum

B. megaterium phosphaticum



215 

B. megaterium phosphaticum

B. mucilaginosus

B. megaterium
phosphaticum
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RHODOCOCCUS

BOTRYTIS

Rhodococcus

Botrytis

Rhodococcus Botrytis

Rhodococcus Botrytis

Rhodococcus Botrytis

Rhodococcus

Botrytis



217 

     (   24-16-
00166).  

Hedysarum zundukii Peschkova



218 

Hedysarum zundukii Peschkova

Lysobacter, Streptomyces, Pantoea, 
Rhizobium, Kytococcus, Variovorax, Rhodococcu

Bacillus mycoides Pseudomonas 
sp Pseudomonas sp Streptomyces sp Mycolicibac-
terium sp Phyllobacterium sp Pantoea sp

p
p
p

p
p

p
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Bacillus mycoides Pseudomonas sp Pseudomonas sp
Streptomyces sp Mycolicibacterium sp

Phyllobacterium sp Pantoea Sp

Pseudomonas

       23-26-00204.  
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Sinapis alba)

Sinapis alba in vitro
Sinapis alba

En-
terobacter

in vitro



221 

Sinapis alba

Sinapis alba

      -
   23-26-00227 «    

      
» 

PISUM SATIVUM

Rhizobium legumi-



222 

nosarum viciae



223 

    (   075-15-
2022-320  20  2022 .   «  »).  



224 

HELIANTHUS ANNUUS

Pseudomonas turukhanskensis

Azoto-
bacter vinelandii

Helianthus annuus



225 



226 

Bacillus

B. pumilus

B. pumilus
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B. pumilus sigF

B. pumilus

B. pumilus sigF
sigF  

Bacillus

B. pumilus 
B. pumilus  sigF

B. pumilus

B. pumilus

Arabidopsis thaliana
B. pumilus

sigF 

Alternaria 
Fusarium oxysporum
B. pumilus  F. oxysporum

Pectobacterium carotovorum



228 

Xanthomonas vesicatoria  
X. vesicatoria B. pumilus  

 
X. vesicatoria

P. carotovorum  

      
        

 

 sigF   
B. pumilus

         
 

        

        
       

B. pumilus  

        22-16-
00138.  

       

Bacillus pumilus  
 

Bacillus sub-
tilis  

  Pantoea 
agglomerans              

            

Bacillus subtilis  
             

            

Bacillus pumilus  
 



229 



230 

edusomyces gisevii

        
 22-13-00107, https://rscf.ru/project/22-13-00107/   -

       
 (   , . ).  
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NOCARDIA MANGYAENSIS

N. mangyaensis
N. mangyaensis

Fusarium oxisporum Rhizoctonia solani Alternaria sp
Colletotrichum coccodes

Triticum aestivum
N. mangyaensis

N. mangyaensis



232 

N. mangyaensis

N. mangyaensis

N. mangyaensis

N. mangyaensis

N. mangyaensis

     (   ) 
   24-24-00473.  

       
  « -2030».  
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BACILLUS GINSENGIHUMI

 
Bacillus

Bacillus 
ginsengihumi

Fusarium 
Fusarium solani 

Fusarium solani
Triticum aestivum

in vivo B. ginsengihumi
F. solani

F. solani

F. solani
B. ginsengihumi
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B. ginsengihumi
F. solani

a, b, c, d e

F. solani 
B. ginsengihumi 

B. ginsengihumi
F. solani

F. solani B. ginsengihumi

B. ginsengihumi

B. ginsengihumi F. solani 

F. solani 

B. ginsengihumi 

B. ginsengihumi
F. solani

B. ginsengihumi 
F. solani 

B. ginsengihumi 
 F. solani in vivo



235 

       -
 (   23-76-01069).  

 Pantoea brenneri Bacillus gin-
sengihumi
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Fusarium spp. Ascochyta pinodes Ascochyta pisi
Colletotrichum pisi Uromyces pisi

Botrytis fabae

Xanthomonas phaseoli
Pseudomonas syringae pv. phaseolicola
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Capsicum annum
Verbascum densifforum. 



238 

Phaseolus vulgaris

Verbascum densiflorum

Phaseolus vulgaris



239 

Plant Growth Promoting 
Rhizobacteria



240 

Plant Growth 
Promoting Rhizobacteria

 



241 

Alternaria

A. solani A. linariae

Alternaria

Alternaria  Ulocladium, 
 . solani, . linariae, A. alternata, A. infectoria, A. arborescens, 

A. tenuissima; Fusarium  F. oxysporum  
F. culmorum Cladosporium. 

Botrytis, Verticillium  Penicillium.  

Fusarium, Alternaria  
Cladosporium, 

. 
Cladosporium



242 

Fusarium
Alternaria

 Cladosporium  Fusarium

Fusarium

. solani . linariae . alternat
  

A. solani Fusarium  

A. solani  

Fusarium A. alternata
A. solani

. solani . linariae,  
. alternat . 

Fusarium
. 
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Alternaria

MEDICAGO LUPULINA 
RHIZOPHAGUS IRREGULARIS 
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Rhizophagus irregularis Medicago lupulina
M. lupulina

M. lupulina

Medicago lupulina

R. irregularis



245 

NIP2.1 NIP4.2 
PIP2.1 

SIP1.3 TIP1.1 
TIP4.1  

      22-16-00064.  
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Fomitopsis pinicola, Laetiporus sulphureus  
Trichaptum laricinum   Trichoderma 
harzianum. 

Fomitopsis pinicola, Trichap-
tum laricinum Trichoderma harzianum 

Trichaptum 
laricinum
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Laetiporus sulphureus
Trichaptum laricinum 

 
       23-26-

10008 (https://www. rscf.ru/project/23-26-10008/) 



248 

Pisum sativum



249 

1 – 2, 3 



250 

 :

NTEXPA5 ATGSTF11 ARGOS-LIKE

Rhizophagus irregularis

hairy roots
Agrobacterium rhizogenes

in vitro
R. irregularis

R. irregularis 

R. irregularis. 

R. irregularis 

Pterocarya 
fraxinifolia Acer campestre
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NtEXPA5 AtGSTF11 ARGOS-
LIKE. NtEXPA5 

AtGSTF11 

ARGOS-LIKE 

NtEXPA5
AtGSTF11 ARGOS-LIKE

R. irregularis 

ARGOS-LIKE
NtEXPA5

AtGSTF11 

R. irregularis 

NtEXPA5 ARGOS-LIKE. 

NtEXPA5 ARGOS-LIKE 
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NtEXPA5 

AtGSTF11 

ARGOS-LIKE



253 



254 

       -
  23-26-00275, https://rscf.ru/project/23-26-00275/ 

PSEUDOMONAS FLUORESCENS
FUSARIUM CULMORUM

Fusarium culmorum – 

Pseudomonas 
fluorescens

F. culmorum



255 

TRI . 

LOX, PAL, PR1 PR4 
TRI

LOX, PAL, 
PR1, PR4, GAPDH TRI  TUB 

TRI

LOX 

LOX PAL 
LOX, 

PAL, PR1 PR4 

PAL LOX

.  
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        -
  075-15-2022-320  20.04.2022      

       -
        

 «  ».  

Pseudomonas fluorescens Fusarium culmorum

Fusarium culmorum Pseudomonas fluorescens

Fusarium culmorum
 

Trifolium pratense
Melilotus officinalis
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258 

      -
       ( . 

 122011200369-1)      -
     .  

PISUM SATIVUM
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Pantoea Pseudomonas 
 

Pisum sativum  
Tussilago 

farfara

Pantoea Pseudomonas



260 



261 

       -
  23-26-00292, https://rscf.ru/project/23-26-00292.  

Burkholderia

Pseudomonas lurida
Helianthus annuus



262 

Pseudomonas

P. plecoglossicida P. veronii IB K11-1

P. plecoglossicida

P. plecoglossicida
P. plecoglossicida P. veronii IB K11-1 

        23-
26-00104 
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FUSARIUM

Fusarium

Fusarium 
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Fusarium 

in vitro

Fusarium, 

 Fusarium.  



265 

Fusarium, 



266 

Puccinellia

Halomonas, Microbacterium, Rhodococcus. 

Bacillus, Halomonas, 
Idiomarina, Rhodococcus. 

Puccinellia

       -
 (   23-24-00308).  

Gordonia
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FUSARIUM

Fusarium spp. 

Fusarium

.

Fusarium

Fusarium
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Fusarium

Fusarium Fusarium 

Fusarium



269 

Fusarium oxysporum
Fusarium redolens Fusarium solani

Fusarium F. oxysporum
F. solani

        22-
16-00138      -

     ( -2030).  
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rsmA phoP

rsmB



271 

      -
  (   20211918).  
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LYSOBACTER 

HEDYSARUM ZUNDUKII (FABASEAE)

Lysobacter

Lysobacter

Lysobacter

Lysobacter

Lysobacter 
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Lysobacter 

Lysobacter
Lysobacter

L. antibioticus

Lysobacter 

Lysobacter 

Lysobacter 

Lysobacter

Lysobacter 

Lysobacter 

       23-26-00204.  
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Lysobacter

Lysobacter

Lysobacter

Lysobacter

Lysobacter

PECTOBACTERIUM ATROSEPTICUM

Pectobacterium atrosepticum

Pectobacterium atrosepticum
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Pantoea ananatis

in vitro

fom1

fom1 
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Medicago truncatula

MtCLE35 

GUS
MtCLE35 

MtCLE35 
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MtCLE35 
CHIT_2G CHIT_8G ChOMT1 

. 

ChOMT1 

ChOMT1 

ChOMT1 
MtCLE35

MtCLE35 

. 
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RHODOCOCCUS QINGSHENGII

Rhodococcus 
qingshengii

R. qingshengii
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R. qingshengii

      -
,   23-26-10049.  

 



280 

HORDEUM VULGARE
PSEUDOMONAS . 

Hordeum vulgare 
Pseudomonas 

H. vulgare

Pseudomonas 

Dactylorhiza incarnata

Pseudomonas 
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H. vulgare

 

 

H. vulgare
Pseudomonas 

H. vulgare
Pseudomonas 
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Pseudomonas . 
Hordeum vulgare

TOO MUCH LOVE

Medicago truncatula
MtTML1 MtTML2 TOO 

MUCH LOVE

TML

TML1,2 
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TML 

MtTML1 MtTML2 
. 

MtTML2 

MtTML 
MtTML1 MtTML2

MtTML1  MtTML2 
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in vivo. 

Brassica juncea 
Pseudomonas putida Rhodococcus 

erythropolis
B. juncea in 

vitro in vivo
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in vitro

R. erythropolis

PSEUDOMONAS

Pseudomonas: P. veronii P. frederiksber-
gensis Pseudomonas

P. veronii P. frederiksbergensis Pseudomonas
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P. frederiksbergensis P. veronii

Pseudomonas

        23-
26-00104 «  ,    

,      ». 

COLLETOTRICHUM LINI

Colletotrichum lini

C. lini



287 

C. lini

C. lini
       -

  22-16-00169, https://rscf.ru/project/22-16-00169/.  
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Bacillu Bacillus cereus Bacillus cereus
Bacillus megaterium Bacillus (Bacillus sp.)

Achromobacter Achromobacter spanius



289 



290 

      2021–
2030 . « -    , -

          -
 » (   1.5.11.  1.5.11.1).  

Pectobacte-
rium Dickeya

svx 
Pectobacterium atrosepticum in planta 



291 

Dickeya 

Dickeya solani
Pectobacterium 

atrosepticum Dickeya solani
in planta svx44 D. solani 

 svx P. atrosepticum) 
 in vitro  svx45 

 P. atrosepticum D. solani 

, 

D. solani  P. atrosepticum

P. atrosepticum 

D. solani  P. atrosepticum

D. solani P. atrosepticum  

D. solani P. atrosepticum
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P. atrosepticum D. solani

Pectobacterium Dickeya

D. solani

in planta

Erwinia carotovora
atroseptica

Pectobacterium atrosepticum
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(RHIZOPUS STOLONIFER
IN VITRO

Rhizopus
Rhizopus

Rhizopus stolonifer

R. stolonifer

R. stolonifer

R. stolonifer

in vitro 

R. stolonifer
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 vitro. 

R. stolonifer 
in vitro; 

. 
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R. stolonifer 

R. stolonifer
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Azospirillum

Azospirillum

Azospirillum baldaniorum ..
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Ensifer meliloti

Azospirillum
Triticum aestivum



298 

Mycolicibacterium gilvum

chrobactrum cytisi

Sorghum bicolor

Azospirillum baldaniorum

fed-olga78@mail.ru
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Strepto-
myces sp.3, Streptomyces sp.9

Streptomyces

Fusarium
Fusarium oxysporum, Fusarium solani, Fusarium avenaceum

Streptomyces sp. 3 
Streptomyces sp. 9 – 

Streptomyces sp.3 

Fusarium oxysporum, 
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Streptomyces sp.9

Streptomyces sp.3 

Streptomyces sp.9
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XANTHOMONAS CAMPESTRIS 
.) 

Xanthomonas campestris . campestris 

 

, 

in vivo



302 



303 

Brassica oleracea capitata alba

 

 

CHLORELLA VULGARIS

Chlorella vulgaris



304 

Chlorella vulgaris

 Chlorella vulgaris

Lepidium sativum L.)
Cucumis sativus Lycopersicon lycopersicum Raphanus 

sativus

Chlorella vulgaris Chlorella vul-
garis

Chlorella vulgaris

Chlorella vulgaris

Chlorella vulgaris
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Chlorella vulgaris

Chlorella vulgaris

Chlorella vulgaris

Chlorella vulgaris

Chlorella vulgaris

Chlorella vulgaris
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Chenopodium album 
Agropyron desertorum

Alhagi pseudalhagi

Bacillus



307 

Fusarium oxysporum Rhizoctonia solani

Pectobacterium atrosepticum
Clavibacter michiganensis Xanthomonas campestris

Pseudomonas

       
,   23-66-10013 
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Glycyrrhiza uralensis
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Glycine max G. soja

Glycine max
Glycine soja Phaseolus vulgaris Lotus japonicus

Pisum sativum Medicago truncatula Galega orientalis Cicer arietinum Vicia sativa
Glycyrrhiza uralensis 
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      24-16-00156.  

Medicago trun-
catula Pisum sativum

Glycyrrhiza uralensis

Medicago truncatula Pisum sativum
Medicago truncatula

Glycine max ..



311 

Pisum 
sativum 
Medicago 
truncatula 

Galega 
orientalis 
Vavilovia 
formosa 
Vicia 
villosa 
Glycine 
max 

G. max. 

Pisum sativum Galega 
orientalis Vavilovia formosa Medicago truncatula

Vicia villosa

P. sativum
M. truncatula

V. formosa

V. villosa
G. orientalis V. formosa 
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P. sativum M. truncatula
M. truncatula

P. sativum
G. orientalis

Glycine 
max

        
 23-16-00090.  

Glycine max Galega orientalis

Pisum sativum
Medicago truncatula

Pisum sativum Medicago truncatula
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314 

Chenopodium album
Alhagi pseudalhagi Agropy-

ron desertorum



315 

Alhagi 
pseudalhagi Agropyron desertorum

Chenopoódium album

       
,   23-66-10013. 
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Alhagi pseudalhagi
Agropyron desertorum
Chenopodium album
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A. pseudalhagi A. desertorum C. album 

A. pseudalhagi A. desertorum

C. album
A. desertorum

A. pseudalhagi

Pseudomonas, Pedobacter, Cutibacterium Bacillus
A. desertorum Pseu-

domonas
C. album) –  

Streptomyces, Massilia Tychonema



318 

A. pseudalhagi A. desertorum C. album

Cutibacterium 

Pseudonocardia  Streptomyces 
 Promicromonospor

a 
Actinoplanes

 
Agromyces

Pedobacter
 

Hymenobacter

 Tychonema

Bacillus  Paenibacillus 

 Pseudomonas Massilia
Pseudomonas Variovorax 
Devosia Kushneria 
Acidibacter 

 
Allorhizobium-
Neorhizobium-
Pararhizobium-
Rhizobium 

Allorhizobium-
Neorhizobium-
Pararhizobium-
Rhizobium 

Achromobacter
Sphingomonas 
Ralstonia 

       
,   23-66-10013
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. 



320 

Mangifera indica

Punica granatum .)

. 

Punica granatum .
S. aureus, 

 L. Monocytogenes, E. coli, B. cereus  Salmonella 

. 
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PECTOBACTERIUM VERSATILE

P. versatile

P. versatile
Solanum tuberosum 

. 

S. tuberosum P. versatile 
P. versatile 

P. versatile
Solanum tuberosum

NCED3 
 AAO3 

CYP707a1 

P. versatile

JAZ
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S. tuberosum P. versatile 
P. versatile dspE

S. tuberosum P. versatile
PR1a

P. versatile 

PR2 , PR5 PR10 
P. versatile P. versatile 

dspE

PR2 PR5 
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P. versatile

P. versatile
P. versatile 

P. versatile. 

P. versatile

PR1 PR10
P. versatile

Rhodococcus
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Rhodococcus

     (   24-16-
00166).  



325 



326 

Acaulospora brasiliensis Diversispora versiformis
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    «  -

,    »  .  -
     22–16–00064.  

BACILLUS   
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Bacillus

Bacillus subtilis

. subtilis

S. tuberosum

B. subtilis
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B. subtilis

B. subtilis

B. subtilis

        23-
16-00139    « »     «  

»  .  



330 

III    
   

«    
    » 

Bacillus Microbacterium
Rhodococcus

Pseudomonas Thalassospira
Salinicola Halomonas

Thalassospira 
permensis
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Microbacterium, Pseudomonas, Brevibacterium, 
Thalassospira, Rhodococcus

Salinicola Halomonas
Brevibacterium Rhodococcus

Rhodococcus

Rhodococcus

       -
         -

  24-26-20070.  

Actinobacteria

Thalassospira permensis
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    23-16-000147. 



333 

Escherichia coli



334 

       
    (124020500028-4 «  -

     -
       -

 »).  

Escherichia coli

Escherichia coli

Escherichia coli

Escherichia coli
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Actinobacteriota Pseudomonadota 
Alphaproteobacteria

Gammaproteobacteria
Alphaproteobacteria Pseudomona-
dota.  Bacteroidota 

Brevundimonas Nocardioides Microbacteriaceae
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      «  -
     : 

-     -
 (   121030100229-1).  
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Deinococcota, 



338 

Deinococcota
Thermus Meiothermus. 

Aquificota,

Acetothermia,  
Bacteria. 

Bacillota

Armatimonadota (
Actinomycetota

Alphaproteobacteria Bacteroidota, Actinomycetota 

Chloroflexota
Chloroflexota

Cyanobacteria 

Atribacterota, Nitrospirota, Deinococcota

Pseudomo-
nadota Bacteroidota Bacillota

 Pseudomonadota  Bacillota
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Aquificota Gammaproteobacteria

      «  -
     : 

-     -
 (   121030100229-1 



340 

Alopecurus aequalis Ranunculus 
sceleratus Poa 
pratensis Ranunculus auricomus



341 

A. aequalis R. sceleratus
P. pratensis R. auricomus

A. aequalis R. sceleratus

P. pratensis



342 

       -
  24-26-00248, https://rscf.ru/project/24-26-00248.  

LACTUCA SATIVA

Lactuca sativa 
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Proteobacteria
Bacteroidetes

Firmicutes



344 



345 



346 

Rhodococcus

CLAVIBACTER MICHIGANENSIS
. SEPEDONICUS, 

Clavibacter michiganensis 
sepedonicus Cms



347 

 Solonaceae
Clavibacter 

Cms

Cms 

Cms 



348 

Pseudomonas fluorescens
Pseudomonas syringae complex Bacillus altitu-

dinis/pumilus Bacillus cereus
 Pseudomonadota 

Bacillota



349 

Bacillus Pseudomonas

Pseudomonas fluorescens  

Bacillus altitudinis/pumilus

Pseudomonas fluorescens  Pseudomonas syrin-
gae complex  

 
      «  -

     : 
-     -

 (   121030100229-1).  



350 

. 



351 

     (   24-26-
00209).  

Azospirillum brasilense
 /

Azospirillum baldaniorum
. 

Azospirillum brasilense
in-situ

. 



352 

Sinapis alba



353 



354 



355 

Escherichia coli  Mycolicibacterium 
smegmatis 

E. coli M smegmatis

H H
d

H H
d

H H
d

H
H d

E. coli
 M. smegmatis 

E. coli
M smegmatis)

relA relA spoT
E. coli rel rel sas M smegmatis)

E. coli M smegmatis) 



356 

E. coli 
M. smegmatis

relA
relA spoT

M. smegmatis 
M. smegmatis rel
M. smegmatis rel

sas

E. coli
relA relA spoT

E. coli

rel rel sas)

E. coli

Mycobacterium tuberculosis



357 



358 

Actinobacteriota, Alpha-  Gammaproteobacteria
Firmicutes, Crenarchaeota  Bacteroidota

Crenarchaeota 
Acidobacteriota 
Actinobacteriota 
Firmicutes 
Alphaproteobacteria 
Gammaproteobacteria 
Bacteroidota 
Verrucomicrobiota 
Gemmatimonadota 
Planctomycetota 
Desulfobacterota 
Myxococcota 
Halobacterota 
Euryarchaeota 
Chloroflexi 



359 

 Acidobacteriota 

      «  -
     : 

-     -
 (   121030100229-1).  

 

. 



360 

in vitro. 

Arthrobacter sp. 
Pseudomonas sp
Actinomyces sp. 



361 



362 



363 

Pseudomonadota
Gammaproteobacteria, Alphaproteobacteria Bacteroidota

Gammaproteobacteria
Aliidiomarina Cyanobacteriota

Bacillota
Actinomycetota Deinococcota



364 

Bacteria
Bacillota Chitinophagaceae

Bacteroidetes

Pseudomonadota
Gammaproteobacteria Alphaproteobacteria 

Bacteroidota Actinomycetota Chloroflexota
Bacillota 

Pseudomonadota
Bacillota 

Alphaproteobacteria Deinococcota Actinomycetota
Bacteroidota

Cyanobacteriota

Gammaproteobacteria Alphaproteobacteria Bacilli



365 

       -
  24-24-20050, https://rscf.ru/project/24-24-20050/») 



366 

       23-26-00204.  



367 



368 



369 

     121032200116-7 «   
     ».  

PENICILLIUM HISPANICUM ASTEROMYCES CRUCIATUS
ASPERGILLUS FUMIGATUS 

Penicillium hispanicum 
Asteromyces cruciatus Aspergillus fumigatus 



370 

Penicillium hispanicum 

Asteromyces cruciatus

A. cruciatus

Aspergillus fumigatus Penicillium hispanicum 
Amphichorda Penicillium As-

teromyces cruciatus
A. fumigatus P. hispanicum Penicillium Amphichorda

P. hispanicum Penicillium Amphichorda

A. fumigatus A. cruciatus 

A. fumigatus

A. fumigatus A. cruciatus



371 

       
      -
      2019–

2027  (   075-15-2021-1052).  

Penicillium dimorphosporum
Penicillium hispanicum

Asteromyces 
cruciatus

Asteromyces 
cruciatus

Penicillium dimorphos-
porum

Aspergillus fumigatus

 KOCURIA

Kocuria

Kocuria K. rhizophila
K. rhizophila K. carniphila



372 

K. carniphila K. rhizophila K. rhizophila

K. rhizophila K. carniphila
K. rhizophila Kocuria

K. carniphila
K. rhizophila

K. carniphila K. rhizophila

Kocuria  

Kocuria 



373 

Kocuria 

K. rhizophila

K. carniphila
K. carniphila

K. rhizophila K. rhizophila
K. car-

niphila

Kocuria . 

Kocuria 

        24-24-20103.  



374 

LOBOSPHAERA INCISA



375 

Chlamydomonas reinhardtii
Chlamydomonas reinhardtii

Lobosphaera incisa

L. incisa
Deasonia Desmo-

desmus Bracteacoccus
     24-24-00195.  



376 

Chlamydomonas reinhardtii

Chlamydomonas reinhardtii

Physcomitrella patens

BACILLUS SUBTILIS

Bacillus subtilis

Solanum tuberosum
 Bacillus subtilis

B. subtilis



377 

. subtilis

B. subtilis 

 B. subtilis 

B. subtilis 

B. subtilis

Fusarium 



378 

Fusarium spp. 

B. subtilis

 B. subtilis 

B. subtilis

       
  23-26-00262, https://rscf.ru/project/23-26-0026.  



379 

CLAVIBACTER MICHIGANENSIS SEPIDONICUM

Clavibacter michiganensis
Clavibacte

Clavibacter michiganensis . 
sepedonicus ms

Cms 

Cms

-



380 

Cms



381 



382 

Sodiomyces tronii, S. alkalinus S. magadii; Rhizomucor miehei, 
R. tauricus Myceliophthora thermophila; Emericellopsis 
alkalina Aspergillus penicillioides Mollisia 
Phlebiopsis gigantea, Sistotrema brinkmanii Mucor flavus

Mucor psychrophilus



383 

Schizosaccharomyces pombe

AZOSPIRILLUM

, ,

Azospirillum



384 

A. brasilense A. baldaniorum
A. thiophilum

A. brasilense A. baldaniorum

A. thiophilum

A. thiophilum

A. thiophilum

 … 

,



385 

     23-24-00582. 

 
Azospirillum thiophilum

Azospirillum 
brasilense

Azospirillum brasilense

Proteus

Azospirillum brasilense



386 

NOSTOC COMMUNE

Nostoc commune

Nostoc commune

N.commune

Anabaena variabilis
Nostoc calcicola

N.commune



387 

Nostoc commune 

Nostoc commune



388 



389 



390 

NODULARIA

Oscillatoria Pseudanabaena Lyngbya

Nodularia
Nodularia



391 

Nodularia
Nodularia

       
 121030100229-1.  

Nodularia



392 

in vitro in vivo 

Asteromyces crucia-
tus

in vitro

       
      -
      2019–

2027  (   075-15-2021-1052).  



393 



394 



395 



396 

 FRANCISELLA TULARENSIS

Francisella tularensis

F. tularensis 

Francisella tularensis

F. tularensis
holarctica, tularensis, novicida, mediasiatica



397 

F. tularensis holarctica
F. tularensis nearctica

F. tularensis holarctica  

F. tularensis

rpoH

rpoH
groEl

groEl
rpoH, 

bfr

bfr



398 

bfr
bfr

groEl, rpoH

Francisella tularensis

Francisella tularensis



399 

Bacteroides, Prevotella  
Alistipes

Dialister
Eubacterium

coprostanoligenes
Sutterella Serratia 

Bifidobacterium Collinsella

Bacteroides 
Prevotella 

 < 

Bacteroides Prevotella

n = 
n = 



400 

ESCHERICHIA COLI

Escherichia coli

E. coli

E. coli n = 
n = n = n = 

n = 

traJ

int1 



401 

E. coli
traJ

E. coli

E. coli

E. coli

E. coli

E. coli

traJ
E. coli

p
p traJ

p
E. coli

E. coli

E. coli n = 



402 

E. coli

E. coli

     ,  
 24-24-20048  .  

Escherichia



403 

M. tuberculosis

M. tuberculosis

Mycobacteriaceae



404 

shotgun

      23-15-00280/ 

Mycobacteriaceae 32 % 
Streptomycetaceae 18 % 
Enterobacteriaceae 14 % 
Mycobacteriaceae 11 % 
Acetobacteraceae 34 % 

Enterobacteriaceae 14 % 
Mycobacteriaceae 92 % 
Mycobacteriaceae 63 % 
Eggerthellaceae 23 % 

Enterobacteriaceae 3 % 
Mycobacteriaceae 75 % 
Staphylococcaceae 11 % 

Mycobacteriaceae 96 % 

Mycobacteriaceae 86 % 

Mycobacteriaceae 14 % 
Staphylococcaceae 7 % 

Eggerthellaceae 5 % 
Enterobacteriaceae 14 % 
Mycobacteriaceae 22 % 
Eggerthellaceae 24 % 

Pseudomonadaceae 22 % 
Enterobacteriaceae 7 % 
Mycobacteriaceae 38 % 
Pasteurellaceae 50 % 

Streptomycetaceae 5 % 
Mycobacteriaceae 18 % 
Staphylococcaceae 72 % 
Mycobacteriaceae 13 % 
Staphylococcaceae 33 % 
Streptomycetaceae 15 % 
Enterobacteriaceae 8 % 
Mycobacteriaceae 28 % 
Staphylococcaceae 10 % 

Eggerthellaceae 5 % 
Enterobacteriaceae 10 % 

Mycobacteriaceae 93 % 
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Corynebacterium tuberculostearicum

downstream



406 

     -  
 .  



407 



408 



409 



410 

Staphylococcus cohnii Listeria
welshimeri 



411 

S cohnii



412 

S. cohnii 

1 2

L welshimeri

1 2



413 

,

in vitro

, b

, ,b



414 

in situ

       -
  23-24-00246, https://rscf.ru/project/23-24-00246/.  

in vitro



415 

Chaetomium elatum

Bacillus. subtilis Staphylococcus aureus

Escherichia coli E. coli



416 

       
 ,   22-15-00099. 

Hyssopus officinalis



417 

      -
   24-14-00194, https://rscf.ru/project/24-14-00194  



418 

MYCOLICIBACTERIUM SMEGMATIS

Mycol-
icibacterium smegmatis



419 

M. smegmatis 

M. smegmatis 

M.  

M. smegmatis 



420 

M. smegmatis 

      124020500028-4. 

Mycobacterium avium /

Mycobacterium tuberculosis
Mycobacterium

Escherichia coli

Bru-
cella melitensis



421 

Alcaligenes faecalis

A. faecalis



422 

A. faecalis

p n = 

A. faecalis

A. faecalis

A. faecalis
        

 24-24-20008.  



423 

SERRATI  PROTEAMIACULANS



424 

Serrati  proteamiaculans 

S. proteamaculans

 
S. proteamiaculans 

n 



425 

 
Photorhabdus luminescens

        
 – 122041100050-6. 

Photorhabdus luminescens

PSEUDOMONAS AERUGINOSA

Pseudomonas aeruginosa

P. aeruginosa



426 

in vitro
P. aeruginosa

. aeruginosa

P. aeruginosa 



427 

p

p

P. aeruginosa 

     ,  . -
  123051600027-1.  

Pseudomonas 
aeruginosa

Pseudomonas aeruginosa

Pseu-
domonas aeruginosa



428 

Escherichia coli.  

E. coli

E. coli



429 

E. coli 

 E. coli

E. coli



430 

       
     (124020500028-4).  

 Vibrio harveyi

Micobacterium smegmatis

MYCOBACTERIUM BOVIS
CORYNEBACTERIUM KEFIRRESIDENTII

Mycobacterium tu-
berculosis



431 

Staphylococcus epidermidis
Corynebacterium kefirresidentii 

C. kefirresidentii

C. kefirresidentii S. epidermidis 

C. kefirresidentii
U p S. epidermidis 

U p U p
S. epidermidis U p

 
S. epidermidis 

M. bovis C. kefirresidentii

M. bovis C. kefirresidentii



432 

C. kefirresidentii  M. bovis 

C. kefirresidentii

M. bovis C. kefirresidentii  

       « -
,     -

      -
       » 

(  121022500179-0).  

Corynebacterium tuberculostearicum

Mycobacterium 
tuberculosis



433 

ESCHERICHIA COLI

gshA
grxA grxB grxC grxD gor

trxA trxC trxB



434 

p Escherichia coli

E. coli gshA gor trxA trxB grxA grxB
gshAtrxA

gortrxB

grxB gshAtrxA

gshA grxA
p

gor-

E. coli

E. coli
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       124020500028-4.  

Escherichia coli 



436 



437 

p

n = n = n = n = 

n = n = n = n = 

n = n = n = n = 

n = n = n = n = 

n = n = n = n = 

n = n = n = n = 

n = n = n = n = 

n = n = n = n = 

n = n = n = n = 

n = n = n = n

n = n = n n = 

n = n = n = n = 

n = n = n = n = 
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    ,   
124020500028-4.  



439

195
151

64
216

330
352
82
93 330
360
332

17
284

195
20

34
108

195
258

333
37
272

58 103
170
306 313
137
213

21
94

352
121

333
219
335 337 390

97 405
58

208
188 298

410
216 254 323

99 175 246
99

213
367 393 398 403 425
22
193

94

340
110

156 248
381

24
238

352
26

101
301

374
381

295
168

254
319
258
396
22

26
132

69
103

106 193
327

108
180

216 323
238

156 217 272 365
204 226
240

137
110

263
323

352
216 254
386

40 64
410
210

410
267

396
166

303 387
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22
340

261 285
269

186 190
186
112 210

28
114

365
342

342
115 168

219
376

261
428

381
118 137

327
285

204 226
365

374
124

24
344

256
58

121 216 323
121

124
162 295

360
145 325

156
93 330
145 243 325

213
37

274 290
221 308

58
346 379

224
321

97
40 64
77

381
412

77
278

337 348 357
258

357
337
342
381

390
204 226
398

365
168
231

126 286
195
24

269
26 34 75 126 286
44

233
295

269
405
290

350

49
129
386

127
77

412
112 210

112 210
231

327
235 240 293

423
31 51 73

306
132

33

352
34 126 286

37
37

134 201
371
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229
49

28 327
348

337 357
156
77

284
284

39
37

75
425

256
208

40 64
118 137
231

114
195

124
233
248

217
235

327
139

142 323 350 383
168

126 286
164 418

352
387
156 217 272

354
103

112 143 160 203 208
210 416

306 313
350

42
238

308
129

308
316 332

58 60
398

37
60

325
47
235 240 263 293 301

357
101 149
321

143
406 433

360
121

413
39

156
124

129
115
265
306 316

103
384

284
177 265

217 365
145 243 325

303 387
49

145 243 325
154
246

 400
146

146
37
261 285
261
145 243 325

37
47
21 28 70 87 250
149

143
332

252 342
221 308
49

114

337 362
243
51 90
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261 285
261
145 243 325

37
47
21 28 70 87 250
149

143
332

252 342
221 308
49

114

337 362
243
51 90
51

306 316
22

376
143
276 282

216 254
149

175
143

360
256
374
421

186
168

31 54
80

20 33 69 72 276 282
267
151 172

154
26

290
340

340 258
99
313

156 248
101
426
423 438

56
101

172 267
156 217 272 278 365

261 285
238
246
47
367

180
26 34 75 126 286
354

58 60
60

250
158
160
62 63

400
303 387
85

112
278 346 379

162 295
21 87 250

87
180
203

290
263

265
164 418

340
433

40 64
166

425
369
124
354 431

124
124
265
112 210
115 168
267
172

127 206 269 321
327
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365
346

64
40

313
177

371
398
170
195
418

172
405
69

175
332
252
66 72

377
377

196
284
379
26 34 126 286
177 420

337 348
37
280

70
344

24
126 286

180
346 382
37
282
182 204 226
284
26
327
365
319
398
261 285

185
425
186

258
303 387

433
406
190
188 298

216
252 342

310
423
332

127
22
124

126 286
58
72
240

403
269
134 139 199 201 433

274
106 193 196

374
195
219
293
101 149
254

288
403

195
106 193 196

37
162

365
139 199
132
51 90

254
435

274
118 137

54 73
405
290
374
384
288
20 33 69 72
293
333 354 428
37 306 313 316
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17
195

143 160 203 208
137
374
350 383
386

295
134 201

235

85
85

146 224
77 298
160 203

80
313

82 278
108

284
54
301

143
365

110
121

224
149

182 204 226
231

267
180
185

306 316
168
303 387

306 313 316
63

327
221 308 310

221 308 310
390

256
306 313 316
47

327
170

365
306 313 316

319
110

412
85
17

180
175
166

216 254 323
206

196 204 226 231
423

216 254
88
303

90
93 330

94
430

21 87
386

374
170
231

284
321

37

166

115 168

216 306 323
145 243 325

369
369 395

203 208
381
112 210
327

403



  

 

     
 


















