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B PESYABTATE NHAKTUBAILIMU I'EHOB lysR3 11 mtfA
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[IpoBenena HanpaBieHHas Oe3MapKepHas MHAKTUBALMSI TeHOB [ysR3 u mifA y 6akrepuii Pseudomonas brassicacea-
rum S-1. Ilokazano, uro y mramMmoB P. brassicacearum S-1-lysR3, P. brassicacearum S-1-mtfA n P. brassicacearum S-1-
lysR3-mtfA anTaronuctuueckast akTHBHOCTh B OTHOIIEGHHH psizia (puTonaroreHoB B 1,2—1,6 pa3sa BbIlIe, YeM y HCXOIHOTO
mramma. [lomydeHHbIe MyTaHTHBIC BAPUAHTHI B MOJICIIEHOM 9KCIIEPUMEHTE HE OKa3bIBAJIM (PUTOTOKCHYECKOTO JCHCTBHS
Ha POCT U Pa3BHUTHE PAaCTEHHI ToMara, orypua u netpymk. [Ipu o6paboTke ceMsH TomMaTa U orypla pacTBOPOM KYJIbTY-
panbHOI kunkocTH mramma P. brassicacearum S-1-lysR3-mtfA juymHa xkopHel mpopocTKOB yBennuuBanach B 1,4 paza
B CPAaBHEHMH C JUIMHON KOpHEH MpH BO3JEHCTBUU MCXOAHOTO IITaMMa. Takxke ObUIO MOKAa3aHO, YTO MCCIIEOBAHHBIC
IITaMMBbI CIIOCOOHBI BEDKHMBATH B TOYBEHHOM MHUKPOOHOM KOHCOPIIMYME.

Kniouegvie cnoga: mytareues; peKOMOMHEPHS; aHTUMHUKPOOHAs! aKTUBHOCTb; Pseudomonas brassicacearum; pocTo-
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Site-specific markerless inactivation of genes /ysR3 and mtf4 of bacteria Pseudomonas brassicacearum S-1 was car-
ried out. It was shown that strains P. brassicacearum S-1-lysR3, P. brassicacearum S-1-mtfA and P. brassicacearum
S-1-lysR3-mtfA demonstrate increased antagonistic activity against a number of phytopathogens 1.2—1.6 times higher
compared with the original strain. In the laboratory experiment, mutant variants did not affect growth and development
of tomato, cucumber and parsley plants. Treating tomato and cucumber seeds with a solution of the culture of the strain
P brassicacearum S-1-lysR3-mtfA led to the increase of seedlings roots length by 1.4 times compared with the original
strain. We also determined that the examined strains were able to survive in the soil microbial consortium.

Keywords: mutagenesis; recombineering; antimicrobial activity; Pseudomonas brassicacearum; growth stimulation.

BBenenue

BaxupM akTopoM Uil TIONMyYeHHs BHICOKOH YpOXKailiHOCTH B COBPEMEHHBIX CHCTEMaX 3EMIICACIHS SIB-
JSIETCS 3aLIHUTA CEIbCKOXO3IUCTBEHHBIX KYJIBTYP OT (UTONATOreHoB. [ 3TOro NCcrosb3yoTes BRICOKO3(hek-
THUBHBIE XUMHYECKHE CPEICTBA 3alUTHI pacTeHuil [1]. OnHako cymecTByeT psJl 3HAYUTEIBHBIX HE0CTATKOB
NPUMEHEHUSI IECTHLXAOB: MOJABICHUE POCTa TOJIE3HBIX MOYBEHHBIX MUKPOOPTaHU3MOB, yMepeHHas (hUTo-
TOKCUYIHOCTD, 3arps3HEHUE OKPYKaromeld cpensl M T. M. [2]. ANBTepHAaTHBON TMECTHUITUIAM SIBIISIOTCS OHMO-
npenaparbl Ha OCHOBE KHBBIX IITAMMOB pu3o0akTepwii [3]. st co3nanus Takux cpelCcTB 3allUThl PACTCHUH,
B YaCTHOCTH, UCIIOJIB3YIOTCSl OakTepuu poaa Pseudomonas, NpogyUUpYIOLIME BO BHELIHIO CPEAY LINPOKUH
CHEKTp OMONOTMYECKH aKTUBHBIX COEIMHEHUH ¢ aHTUMUKPOOHBIM U POCTOCTUMYITHPYIONIUM JIeHCTBHEM [4].

B nacrosee BpeMs BeayTcst pabOThI [0 CO3AaHUIO YITyUIIEHHBIX IIPENapaToB HOBOTO MOKOJIEHUS ¢ KOMOU-
HUPOBAHHBIMHU CBOMCTBaMH WM 00Jie€ BBICOKMMH IIOKA3aTESIMU aHTarOHUCTUYECKOH U POCTOCTUMYIUPYIO-
uieil aktuBHOCTHU [5; 6]. OnHako 6e3 nHpOpMAIMK O PErYIATOPHBIX U CTPYKTYPHBIX 3JIE€MEHTaX T€HOMOB,
CBSI3aHHBIX C XO3SHCTBEHHO 3HAYUMBIMHU NPU3HAKAMH, 3TO JOBOJBHO 3aTpyJHHUTEIbHO. Panee Hamu Oblna
oIIpeiesieHa HyKJICOTHAHAs TIOCIIeI0BAaTeIbHOCTh TeHoMa TaMma P, brassicacearum S-1 (xon nocTymna B 6ase
nanuelx GenBank — CP045701) [7], koTopsli sIBIsiCTCS OCHOBOI OMonpenapara « JKOrpuH», pa3padoTaHHOTO
Ha 6a3e Uncturyra Mmukpoomnonornn HAH bemapycu. Jlannbiii mpenapat HCHOIB3YeTCs IS 3aIIUTHI OTYPIIOB,
TOMATOB U 3€JICHHBIX KYJIBTYp OT KOPHEBBIX M IPUKOPHEBBIX rHUMEH [8]. Takum 00pa3om, cTano BO3MOKHBIM
IIPOBENICHHUE 1€TAIbHOI'O MOJIEKYJISIPHO-TE€HETHYECKOr0 aHAIN3a B LIENAX N3YyUCHHSI MEXaHU3MOB CHHTE3a I1ep-
BUYHBIX ¥ BTOPHYHBIX META0OIHUTOB M MOCIEAYIOLIETO CO3/IaHMsI ITaAMMOB C YITyYIICHHBIMU CBOMCTBAMH JIJISI
NPaKTHYECKOTO MCIOIb30BaHus. B yacTHOoCTH, €3 BHECEHUS TOMOIHUTEIbHBIX TEHETUYECKUX AETCPMUHAHT
MOYKHO TIOBBICHTH aHTUMHUKPOOHYIO i POCTOCTUMYJIHPYIOIIYI0 AKTHBHOCTH IITAMMOB 32 CUET HAIIPaBIEHHOTO
HM3MEHEHUs OTAEIbHBIX FeHoB [9]. Takxke HaMu MPOBEIEH TPAHCIO30HHBIA MyTareHe3 /s BbIABICHHS T€HOB,
KOTOpPBIE CIIOCOOHBI OIIPEEIIATh AHTATOHUCTUYECKYIO aKTUBHOCTD IuTaMma P, brassicacearum S-1, HO He BXOIAT
B COCTaB OIMCAHHBIX B JIUTEpaType KinacTepos. B pesynbrare ananuza 100 MyTaHTOB ObLUTH OTOOpPAHBI JBA IIITAM-
Ma, y KOTOPBIX YBEJIHMUMBAIaCh AHTATOHUCTUYECKAsi aKTUBHOCTh B OTHOLLEHUH psiia (UTONATOICHOB B CpaBHE-
HUH C KOHTPOJEM. Y OTOOpaHHBIX MyTAaHTOB OMPENEIIEHO MECTO MHCEePIMH TpaHcro3oHa mini-TnSxy/E. Ycra-
HOBJICHO, YTO BCTaBKa ITPOM30ILUIA B Koaupytomue 6enok nocnenosarensHoct GFU70_00385 u GFU70_25165,
KOTOpBIE MbI Ha3Banu [ysR3 1 mif4 COOTBETCTBEHHO, TaK KaK OHM, IPEAIOI0KUTEIbHO, OTBETCTBEHHBI 33 CHH-
TEe3 TPaHCKPUIIMOHHOTO (akTopa cemeictBa LysR u merammonentunassl cemeiictea M90 [10; 11]. Onnako
HOJIyYEHHbIC JTaHHbIE HE MO3BOJIMJIM HaM OIHO3HAUYHO MHTEPHIpPEeTHpoBarh (eHoTUnuueckuil 3¢dexr myra-
[WiA: C OTHOH CTOPOHBI, B PE3yJIBTaTe PEIKOro COOBITHSI MHOKECTBEHHOW TpaHCIO3UIMK mini-TnSxy/E mor
BCTPOUTHCSI B HECKOJIBKO TOYEK B TEHOME, C APYTOi CTOPOHBI, TAK KaK B COCTaBe TpaHCIo30Ha mini-TnSxy/E
IIPUCYTCTBYET KOHCTUTYTUBHBINH IPOMOTOP, HaOmonaemble 3¢ GEKTbl MOTyT ObITh BbI3BaHbI HE MHAKTUBALIMEH
TeX T€HOB, B KOTOpPbIE HETTOCPEJCTBEHHO BCTPOMIICS TPAHCIIO30H, & M3MEHEHUEM 3KCIIPECCUN HIKENeKaIUX
reHoB. Takum 00pazoM, TOIBKO TIPH HAIMIPABICHHON O€3MapKEePHON MHAKTUBAIIMU T€HOB [ysR3 1 mtfA MOXKHO
c/IeNaTh TOYHOE 3aKITI0YEHHE O POJIH JaHHBIX KOAUPYIOMNX OENIOK MOCIeI0BAaTeIbHOCTEH B UBMEHEHUH aHTH-
MHUKPOOHBIX CBOMCTB wTamma P. brassicacearum S-1.
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Lenbro HACTOSIIIIETO UCCIIEIOBAHMS SIBIISUTHCH MOJICKYIISIPHO-TEHETUUECKUI aHau3 TeHOB [ysR3 1 mtfA, BeposiT-
HO KOJJMPYIOIMX CUHTE3 TPAHCKPHIIIHOHHOTO (hakTopa cemeiictBa LysR u meramnonentuiasel cemeiicta M90
COOTBETCTBEHHO, U OTIPEIeIeHIE UX POJIH B MPOSIBICHUHM aHTAaTOHUCTHYECKOW M POCTOCTUMYJIHPYIOIICH aKTHB-
HocTH y Oaktepwii P. brassicacearum S-1.

MaTepI/IaJIbI U METOAbI HCCJICAOBAHUSA

Hcnonb3oBanHbie B paboTe MITaAMMBI OAKTEpH 1 TIa3MHIBI TIepedrcieHbl B Ta0d. 1. OObekToM uccieso-
BaHUs SBISUTMCH Oaktepun P. brassicacearum S-1 — aHTarOHUCTBI (PUTOMATOTEHOB CEIBCKOXO3SICTBEHHBIX
KyJbTyp. [J7TyOMHHOE KyTBTHBUPOBAaHUE TICEBIOMOHA/I M MIEKTOOAKTEPUIT OCYIIECTBIISUIH Ha TUTATEIBHOM cpe-
ne LB (nmu3orennsrii OyiboH) [12] unu Metinenna [13] ¢ nepemenuBanuem npu 200 00/MUH U TeMIieparype
28-30 °C. IIpoaomKUTeNbHOCTh KyABTUBUPOBAHUS cocTaBisiia 24—48 u. bakrepun Escherichia coli Beipamu-
Bayu ipu 37 °C B xxuakoit LB-cpene B Teuenue 12—14 41 ¢ nepememmuBanuem mpu 120—160 o6/mun. [prGHBIE
MaTOTeHbI KYJBTUBUPOBAIIH B KapTOPeabHOM OynboHE ¢ repemeruBanueM mnpu 120—160 o6/MuH 1 Temiiepa-
Type 22 °C.

Tab6nuna 1
XapaKkTepucTHKA IITAMMOB MUKPOOPTAHU3MOB U IJIa3MHJI, HCIIOJIL30BAHHBIX B padoTe
Table 1
Characteristics of strains and plasmids used in this work
[ItamMmbl, MIIA3MUBI Xapakrepuctuka Hcrounux
Mukpoopranusmbl
Alternaria alternata BUM B-462 Boz0yaurens anpTepHapHo3a Orypra

Pseudomonas syringae BUM B-280 | Bo30ynuTens OaKTepHaIEHOTO 0)KOTa COU

. N benopycckas komnekms
Pectobacterium carotovorum BUM Bo30yaurens MOKPBIX THHJICH OBOIIIHBIX Py 1t

HEMaTOreHHbIX
B-662 KyJIbTYpP
MHUKPOOPIaHU3MOB
Colletotrichum lupini BUM F-397 Boz0yaurens aHTpakHO3a JIOIIHA
Fusarium oxysporum BUM F-798 Bo30ynurenb KOpHEBOW THHIIM TOMATa
E. coli

thi rspL (Str™) endA sbeB15 sbeC hsdR

S17-1 (rym,) A (lac-proAB) [F' traD36 lacl? A(lacZ) [14]

M15 proA"B"] A pir*

F'proAB lacl® lacZAM15 Tn10(Tet")/recAl
XL1-Blue endAl gyrA96(Nal’) thi-1 hsdR17(rm}) [15]
supE44 relAl lac

P, brassicacearum

R
Ery", conepuT CHOHTaHHYIO XPOMOCOMHYO
ty, conep YIo Xp y Benopycckas komnexus

S-1 (BUM B-446) MYTAIHIO, OIPEJIEIISIONLYI0 YCTOHUMBOCTD HOIATOrCHHbIX

K OPUTPOMHUIIHHY, TIOTY9ICH U3 ITaMMa MIKDOODIAHIEMOB

P, brassicacearum S poop
S-1-1vsR3 Ery®, B xpomocome P. brassicacearum S-1

Y nenenyst B rene [ysR3 ¢ 286 mo 522 1. H.

S-1-mitfA Ery®, B xpomocome P. brassicacearum S-1

nenenyst B rene mif4 ¢ 60 mo 547 m. H. [TomyueHs! B TaHHOI padoTe

Ery®, B xpomocome P. brassicacearum S-1
S-1-lysR3-mtfA Jernenusi B reHax lysR3 ¢ 286 no 522 m. H.

n mtf4 ¢ 60 no 547 m. H.

ILnazmunabl
R . OdunmanbHbIA caliT

pJET1.2 Ap”, P uvs, €co47IR, oriV g, (bupME-H3rOTORHTENS!
pJQ200KS Gm", lacZa, sacB, mob, oriVys, [16]

'CloneJET PCR Cloning Kit [Electronic resource]. URL: https://www.thermofisher.com/order/catalog/product/K 1231 (date of access:
18.02.2021).
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Okonuanue Tabdm. 1
Ending table 1

[IITamMMBI, IIa3MHTBI

XapakTepucTika

HcTounmnk

pLS1648

R R .
Ap”, Km", kaccera loxP-neo-10xP, oriVyge

Tck, xylS, Pm — A Red (Gam, Beta, Exo0),

[17]

pLS3063 sacB, mekR, PMekA — cre, oriVyy,
. pJET co BcTaBkoii reHa [ysR3

PIET:ysR3 ¢ (pJIaHKUPYIONMMHU T€HAMH

pIET::mtfA pJET co BcTaBKoit rena mifA4

¢ (pIaHKMUPYIOUIMMHU TeHAMH

pJET::lysR3-1oxP-neo-loxP

pJET co BcTaBKOI JIOKyCa T'€HOB
lysR3-loxP-neo-loxP mo caiity Eco321

pJET::mtfA-loxP-neo-loxP

pJET co BcTaBKoIi JIoKyca réHOB
mtfA-loxP-neo-loxP no caiiry Eco321

pJQ200KS::lysR3-loxP-neo-loxP

pJQ200KS co BcTaBKoO# JIOKyca T€HOB
lysR3-loxP-neo-loxP no caiity Smal

pJQ200KS::mtfA-loxP-neo-loxP

pJQ200KS co BcTaBKO# JIOKyca TEHOB
mtfA-loxP-neo-loxP no caiity Smal

[TomyueHns! B 1anHO# padoTe

Hns pepmentaruBHOrO paspesanus monekya JHK ucnons3oBanu cnepyromue 3HA0OHYKIIEa3bl PECTPUK-
mun: Smal, Eco32I, EcoO1091, Kpnl. dns muruposanust JHK npumensuin JHK-nurasy T4 (Bce dhepmeHTI
npousBoacTBa komnanuu 1hermo Fisher Scientific (CLLIA)), npuaep:xuBasich peKOMEHIAIMNA (HPUPMBI-H3TOTO-

BUTCIIA.

[onumepasnyro uennyto peakuuto (ITILIP) npoBoannu ¢ ucnonb3oBanneM peaktnsoB OO0 «AprbuoTex»
(bemapych). Peaknmonnas cmech (50 mxor) coneprxkana 100 ar JIHK-marputpsr, tHTO (aykieosuarpudocdarst,
no 0,2 MMomnb/1 Kaxzoro Hykneoruaa), 1,5 mmons/n MgCl,, 0,2 MxMonb/n kaxaoro npaiimepa, Flash JIHK-
nonmepasy (1,25 en.) m AM-6ydep (kparHOcTh X1). [IpoBepka Ha HaMMYHE MIMTUICYHBIX CTPYKTYP B Mpe/enax
IIpaiiMepoB M OINpEACICHUE TEMIEPATyphbl OTXKUIa BBIMONHSUIUCH ¢ TIoMoLIbio pecypca Primer-BLAST u on-
TafH-OIMTOKAIBKYIsATOpa . [lepedeHp u xapakrepucTika npaiimepos, pexkumbl [P npusenens! B Tabm. 2.

Tabnuna 2
XapaKkTepuCTHKA HCIOJIb30BAHHBIX B padoTe npaiimepos u pe:xxumos ITI[P
Table 2
Characteristics of primers used in this work and PCR programs
IIpaiimep ITocnenoBarenpHOCTE (5'— 3') Pexum TP Muiesn
96 °C — 3 muH (1 nukn); BceraBka B mazmue
pJET-F CGACTCACTATAGGGAGAGCGGC 96°C—15¢,53°C—15c, pJET1.2
72 °C — 1 mun 30 ¢ (30 uukion);
pJET-R AAGAACATCGATTTTCCATGGCAG | 72 °C — 3 mun (1 wuk)
98 °C — 3 muH (1 mkn); I'en lysR3
lysR3-F AGTACGTGGAGCGCACATTG 98°C—15¢,53°C—15c, ¢ bIAHKHPYIOIMH
72 °C — 1 muH (30 MKIIOB); reHamMu
lysR3-R TTCGTAGCCGTGCAACTGGT 72 °C — 3 muH (1 nukmn)
98 °C — 3 muH (1 ukn); I'en mtf4
mtfA-F AGGTCGGTGTATTCCTTCAC 98°C —15¢,60°C—15¢, ¢ (UaHKUpYIOIHUME
72 °C — 1 muH (30 IMKIOB); reHamMu
mtfA-R ATCTACGCCATCCTGTTCCT 72 °C — 3 muH (1 uukm)
96 °C — 3 muH (1 nukmn); Koncrpyxuus loxP-
loxP-F CCGAAGTTCCTATTCTCTAG 96 °C—-15¢,53°C-15c¢, neo-loxP Ha miaszmuae
72 °C —40 ¢ (30 uukioB); pLS1648
loxP-R CGAAAAGTGCCACCTGCATCG 72 °C — 3 muH (1 mukm)

Ouro Kanek: mporpaMma Juis pacdeTa CBOMCTB OTHIOHYKICOTHIOB (TpaiiMepos) [dmexrpornsiii pecype]. URL: http://www.bio.

bsu.by/molbiol/oligocalc.html (nara obpamenus: 19.02.2021).
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OkoHuyaHue Tabm. 2
Ending table 2

[paitmep ITocnenoBarenbHOCTD (5'— 3') Pexxum T11P MurieHb
96 °C — 3 muH (1 unki); I'en, xonupyromuit
cre-F ACGAGTGATGAGGTTCGC 96°C—15¢,54°C—15c¢, Cre-pexomMOuHa3zy, Ha
72 °C — 1 mun 30 ¢ (30 uxuoB); | mrasmuae pLS3063
trfA-R CGAAGAGTTGCGAGGCAGC 72 °C — 3 muH (1 k)

Onexrporpanchopmanuio dakrepuit E. coli MPOBOIWIHA COTIIACHO METOTUICCKUM PEKOMEHIAIMSIM, HU3JI0-
JKEHHBIM B pykoBozcTse [18].

[Tnasmuanyro JIHK u3 Gaxrepuii Beiaensum ¢ ucnonb3oBanueM Habopa GeneJET™ Plasmid Miniprep Kit
(xaranoxusiit Homep — K0502) npoussonctsa Thermo Fisher Scientific.

Jliisi HalpaBJICHHOTO MyTareHe3a MPUMEHSUT coueTanne A-Red-3aBHCHMON peKOMOMHAIIMK M CalT-CIIEIH-
¢uaeckoit pexomOuHanmu Cre-loxP. COBOKYITHOCTh TaHHBIX METOIOB TIO3BOJISICT O3 BHECEHUS TOTTOTHATEIIEHBIX
TeHETUYECKNX JETEPMUHAHT HHAKTHBUPOBATH 1EJIEBBIE TEHBI, & TAKXKE MPOBOUTH MHOKECTBEHHBIE HOKAYTHI
T€HOB B COCTaBEe XPOMOCOMEBI HCCIIEyeMOro mTamMMa. MyTareHes BBIIOIHSIIN COMIACHO MOAM(DHUIIMPOBAaHHON
MeToAMKe, n3nokeHHou B crathe C. B. Byiinunkoii ¢ coaBropamu [19].

Konbroranuwo OCymeCTBISIN CASAYIONUM 00pa3oM: KIeTKU JloHopa E. coli S17-1, conepxkamue mia3-
MuaHble KOHCTpYKUIUU pJQ200KS::/ysR3-loxP-neo-loxP, pJQ200KS::mtf4-loxP-neo-1oxP, a Takxke kineTku
peruniuenta P. brassicacearum S-1 [pLS3063], Haxomsimuecs B cTallHOHAPHOHN (haze pocTa, CTYIIAIH B 5 pas,
CMEIINBAIHA B COOTHOIIEHUH | : | W HAHOCWIIM TIONYYEHHYIO CMECh Ha CTepUIIbHBIE MEMOpaHHBIC (UITBTPHI
Synpor 6 (pa3zmep mop — 0,45 MKM), TOMEIIIEeHHbIE HA TIOBEPXHOCTH IMOJHOLEHHON arapu30BaHHOW CpeJibl
B yamukax [lerpu. CkpemmnBaeMble OakTepun HHKyOupoBanu B Teuerue 48 4 npu 30 °C, mocie 4ero KIeTKH
CMBIBAJIM (PU3HOJIOTHUECKUM PACTBOPOM M BHICEBAIIM HA CEIICKTHBHBIC CPE/IbI.

Omnpenenenrie aHTUMUKPOOHOW aKTUBHOCTH MPOBOJIHIIN B TPEXKPATHOW TTOBTOPHOCTH € TIOMOIIBIO METOIA
OTCpOUeHHOTO aHTaroHm3Ma [20], pacueThI BBITOIHSIIN ¢ YIETOM CTaHIaPTHOTO OTKIIOHEHHS . HocroBepHoCTb
pasTHuMil CPETHUX BEMUUHH yCTAHABIHBAIH C TIOMOIIBIO /-Kputepust CThionenTa’. B kagecTBe TeCT-KymbTyp
WICTIOJTH30BAJM I TAMMBI (DUTOMATOTEHHBIX MUKPOOPTaHU3MOB, ITPUBEICHHBIE B Ta0II. 1.

CriocobHOCTB mITaMmoB P. brassicacearum S-1, P. brassicacearum S-1-lysR3, P. brassicacearum S-1-mtfA
u P, brassicacearum S-1-lysR3-mtfA ctumynupoBars pocT U pa3BUTHE paCTEHUI TOMaTa copTa 3arajxa, oryp-
na copra Kpak F1 u nerpymku copra JlucroBast oObI4HasI ONpeACIsuIN CISAYIOMINM 00pa3oM: ceMeHa B Teue-
rrie 30 MUH 3aMagMBAIIH B pACTBOPE KyJIbTypatbHbIX skumkocTeil (KXK) Gaxrepuit ((1,4-2,2) - 10° KOE/mi) i
BOJIe (OTPHIIATENBHBIN KOHTPOJB), TOCIIE YeT0 PACKIAABIBAIH Ha YBIA)KHEHHBIE OyMakHbIe (DUITBTPHI B HAIITKA
[Terpu. Yepes 3—6 cyT onpenensyiu BCXOXKeECThb, a uepe3 11-14 cyT usmepsnu AIMHy KOPHEH W TMIIOKOTHIIS
Y IPOPOCTKOB B ONBITHOM M KOHTPOJILHOM BapHaHTaXx.

Jnist MpOBEpKH JKM3HE- U KOHKYPEHTOCIOCOOHOCTH TaMMoB P. brassicacearum S-1, P. brassicacearum
S-1-1ysR3, P. brassicacearum S-1-mtfA u P. brassicacearum S-1-lysR3-mtfA ocyiecTBIsiin Mo IMpOBaHUE
TTOYBEHHOTO MHUKPOOHOTO KOHCOPITHYMA, IJIST KOTOPOTO HMCIOIB30BaMH mouBorpyHT Terra Vita (OOO «Hopna
[anmy», Poccust). B moaroroBneHHy 0 MoYBy BRICAKHUBAINA PACTEHHS TOMaTa, OTyplia M METPYIIKH, KOTOpPbIS
MpeIBApPUTENHHO OBLITH MPOPOIIEHBI HA CMOYEHHBIX B BoJle priibTpax B yamkax [lerpu. Uepes 2 cyT mocie
BBICA/IKM MPOPOCTKOB B KaueCcTBE MoJIMBa pacTeHuil BHocuau 1o 20 mi pactBopoB KK nccnenyemsix mram-
MoB ((3,2—4,4) - 10° KOE/m) Ha 150 r noussr. Yepes 15 u 31 cyT mociie BHECEHHUs B MOUBY HCCIIETyEMbIX
HITAMMOB OCYIIECTBIISIIN OTOOp 1 T MOUYBHI, TOTOBMIJIM CEPUU Pa3BEACHUN, U3 KOTOPHIX MPOBOAMIN BHICEB
Ha CEeJIEKTUBHBIE CPebl, COAEPIKAIINE aHTUOMOTUKHN — SPUTPOMULIMH W aMIUIMIUINH — B KOHIICHTPALHIX
50 u 100 Mxr/™M1 cooTBeTcTBeHHO. [ToacueT urcma KOE BBIMONHSIN COTIIACHO METOMUISCKUM PEKOMEHIAITHSM,
U3JI0KEHHBIM B pyKoBoACTBe [21].

Busyanuszanuio kapT miasMHIHBIX BEKTOPOB M F€HETHYECKUX JIOKYCOB OCYIIECTBISUIA C MOMOIIBIO MPO-
rpammel SnapGene Viewer 5.2. CpaBHeHUE aMUHOKHUCIOTHBIX U HYKJICOTUIHBIX TOCTIEIOBATEIBHOCTEH POBO-
JIUJIH C UCTIONIb30BaHUEM MaKeTa rmporpamm Blast [22] u 6a3 naHHBIX, PacoioxkeHHbIX Ha pecypce NCBI [23].

Pe3yJII>TaTl>I H UX oﬁcym}le}me

CornmacHo JIMTEpaTypHBIM JaHHBIM HE OBUIO ommcaHO BiIusHHE reHoB [ysR3 (GFU70 00385), mifA4
(GFU70 25165) wim ux OpTOJIOTOB Ha XO3HMCTBEHHO IIEHHBIE CBOMCTBA OakTepuil pona Pseudomonas, KOTOpbIE

*Calculating standard deviation step by step [Electronic resource]. URL: https://www.khanacademy.org/math/statistics-probability/
summarizing-quantitative-data/variance-standard-deviation-population/a/calculating-standard-deviation-step-by-step (date of access:
24.02.2021).

“Pacuer -kpurepust CTHIONEHTA IPH CPABHEHUH CPEIHUX BEIMUUH (OHIAHH-KambKymsrop) [mexrponnsii pecype]. URL: https:/
medstatistic.ru/calculators/averagestudent.html (gara obpamenus: 06.04.2021).
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SIBIISIIOTCS. OCHOBOW OMOIIpenaparoB JUIsl 3alllUThI CEILCKOXO3SIMCTBEHHBIX pacTeHuil oT Oone3Held. Takum 00-
pa3oM, 4ToOBI ONPEIEUTh U3MEHEHUE (DCHOTUITUYECKUX CBOMCTB mTamma P. brassicacearum S-1, CBSI3aHHBIX
C MHAKTUBaLWel TeHoB [ysR3, mifA, mpoBeaeH MOJEKYISIPHO-T€HETHUECKUH aHaJIu3 HUCCIEAYEMbIX TeHeTHYe-
CKHX JICTePMHUHAHT.

I'en lysR3 womupyet Oeiok paszmepoMm 315 aMHHOKHCIOTHBIX ocTaTkoB (a. 0.) (pl 5,78). beuto ycra-
HOBJICHO, uTO Oeyiok LysR mmeer naunbombinee cxoncrso ¢ Oenkamu LysR u3 Pseudomonas sp. SWRI179
(WP _186728495.1, unentuanocts 96,52 %) u Pseudomonas sp. Root401 (WP_057449273.1, uieHTUYHOCTh
96,20 %). On conepxut nomen chol sulf TF (8-297 a. o., TIGR03418), koTOpbIif XapakTepeH sl TPaHC-
KPHUILUOHHBIX (DAKTOPOB, 00ECIIEUUBAIOIINX PErYJSLMIO SKCIPECCUU T'€HOB, OTBETCTBEHHBIX 3a TPAHCIIOPT
XOIIMHA M CHHTE3 XOJIHMHCYNb(ara. CUuTaeTcs, 4YTo XOJIHWH U €ro MPOU3BOIHbBIC B OaKTEPHSX SBISIOTCS Tpe-
LIECTBEHHUKaMH ITMIWHOETanHa, KOTOPBIH JeiicTByeT Kak 2 (eKTHBHBIN 0CMOTIPOTEKTOp [24].

['en mtf4 onpenenser cunres 6eixa pazmepom 270 a. o. (pl 4,75). Kak nokazan ananu3, HauOoJblee cXo-
CTBO HcCleayeMblil 0enok umeer ¢ 6enkamu u3 P. fluorescens (WP_064107071.1, unentuanocts 98,89 %)
u P. kilonensis (WP_024619870.1, uneatuanocts 98,15 %). benok MtfA comepxut momen Peptidase M90
(4-249 a. o., pfam06167), KOTOpPBIil XOPOIIO OXapakTepu3oBaH Jyist Oaktepuit E. coli [25]. Cuuraercs, 4to
Oenok MtfA moxxeT HHaKTUBUPOBATH perpeccop Mlc, KOTOpBIi UTpaeT OJHY U3 KIIOUYEBBIX POJICH B PETYIISLIUH
paboTsl Tiroko30docdoTpanchepasHoOl CHCTEMbI OaKTeprH.

bbuto ycranosieHo, uTo TeHbl [ysR3 1 mif4 npucyTCTBYIOT B TEHOMAaX HE TOJbKO BCEX M3YUEHHBIX LITAM-
MOB P, brassicacearum, HO U APYTHX TpeJCcTaBUTeNei pona Pseudomonas. T0 TOBOPUT O BaKHOCTH BBIIIONI-
HSIEMBIX JaHHBIMHU F'eHaMH (DYHKLUH IS KIETKH.

Hanee m1st u3ydeHust BIUSHUS TeHOB [ySR3 u mif4A Ha aHTUMUKPOOHBIE CBOMCTBA MCCIEAYEMOTO ILITaMMa
IIPOBOAMIIM HAIIPABJICHHBIH Oe3MapKepHbI HOKAyT I'€HOB B HECKOJIBKO 3TanoB. /st 3Toro Obuin amminduum-
POBaHBI TEHETHYECKHE JIOKYCBI, COCTOSIIIIIE U3 TeHOB [ysR3 u mtfA ¢ dnankupyrommmu renamu. Jist coxpan-
HOCTH TIOJYYEHHBIX aMIJIMKOHOB BbIMONHAIMN jaurupoBanue [IL[P-npoaykros ¢ Bekropom pJET1.2 mo caiity
Eco32I. Ot60op pekoMOMHAHTHBIX TEHETUYECKUX KOHCTPYKLMI OCyIlecTBIsuM B KieTkax E. coli XL1-Blue.
3arem Beyiensu masMuabl pJET::lysR3, pJET::mtf4 n obpabarsiBanm ux mapamu pectpukra3 Eco32l/Smal
u EcoO1091/Kpnl cooTBeTCTBEHHO AT yIaaeHUs O0NbIIEeH 9acTH HYKJICOTHIHOH ITOCIICI0BATEIIBHOCTH TIeIIe-
BBIX T€HOB. B pe3ynbrare pamka cuMThIBaHUS TeHOB [ysR3 u mtfA Oblia HapyllleHa, OCTaBaKCh JIUIIb 00IaCTH
JUTSE TOMOJIOTHYHOM PEKOMOMHAIIUY HIKE U BBIIIE OT TeHOB [ysR3 u mifA pazmepom 669 u 859 1. H., a Takxke
531 1 831 m. H. COOTBETCTBEHHO.

Ha caemyromem atare nmpoBoawan amiutudukanuto GparmenTa loxP-neo-loxP u3 mrazmuast pLS1648, ko-
TOpbIi urupoBanu ¢ pparmentamu mnazmu pJET::lysR3 w pJET::mtfA. [uOpuaHble KOHCTPYKIIUU OTOHpAITU
B kietkax E. coli XL1-Blue. 3arem Boiaensiim nonydennslie mwiasmMuabl pJET::lysR3-1oxP-neo-loxP, pJET::mtfA-
loxP-neo-1oxP, Bemmonusm ammnukanmio kaccet [ysR3'-loxP-neo-loxP-'lysR3 n mtfA'-loxP-neo-1oxP-'mtfA
¢ ucrionp3oBanueM map npaiiMepoB lysR3-F/lysR3-R u mtfA-F/mtfA-R. [Toxy4ennsie I11IP-hbparmenTs! auru-
poBanm ¢ KoHBIOTaTUBHBIM BekTopoM pJQ200KS, mpenBapuTtensHo 0OpadoTaHHBIM pecTpukTazoi Smal. Cxe-
Ma MOJIy4YeHUS] KOHbIOTaTUBHBIX BeKTOPOB pJQ200KS::/ysR3-loxP-neo-loxP u pJQ200KS::mtfA-loxP-neo-loxP
Ipe/cTaBiIeHa Ha puc. 1.

Bexropubie koHCTpykmu pJQ200KS::/ysR3-1oxP-neo-loxP, pJQ200KS::mtf4-loxP-neo-loxP BBOAMIN
B KJIETKH KOHBIOTAaTHBHOTO mTamMma E. coli S17-1 meTomoM »3iekTpomoparuu. Takxke Obla mpoBeicHa
AMEKTPOIIOpANINS KICTOK-PEUIUCHTOB P. brassicacearum S-1 mnazmunon pLS3063. [lanee ocymecTBisun
KOHBIOTaLMI0 Ha QUIBTPax MTaMMOB-I0HOpoB E. coli S17-1 [pJQ200KS::lysR3-loxP-neo-loxP], E. coli S17-1
[pJQ200KS::mtfA-loxP-neo-loxP] u mramma-pernunuenta P. brassicacearum S-1 [pLS3063].

B pesynbprare roMoa0ruuHON peKOMOMHALNN YAAI0Ch OTOOpaTh BapUaHThI, HeCyIue Ne(eKTHbIE TeHbI
lysR3 n mtfA. B coctaBe JaHHBIX TEHOB ITOCJIC PEKOMOMHAIIMH HAXOIMINCH KacceThl loxP-neo-1oxP, ans yma-
JICHUST KOTOPBIX OCYIIECTBISLTN HHAYKIIHIO YKCIIpeccuu reHa (B cocrare miasMuasl pLS3063), konupyromero
Cre-pexom6Ounazy. Cre-pekomOuHa3a ynasisuia kacceTbl loxP-neo-loxP u3 cocraBa XpoMocoMBbI OTOOPaHHBIX
LITaMMOB, 4TO OBIJIO MOATBEPKAEHO ¢ nomotibio I11[P: nomyueHs! aMIIuKoHb! 1e(EKTHBIX T€HOB pa3MepoM
1646 . 1. ms [ysR3 n 1480 m. H. ansa mtfA (puc. 2).

Janee npoBoauay >nuMUHALNIO Tu1a3Mu el pLS3063 13 MyTaHTHBIX BapHaHTOB ITyTEM pacceBa IITaMMOB
Ha Cpelly ¢ caxapo30ii, B pe3yJbTare 4ero MporCXOANIN SKCIIPECCHs r'eHa sacB (HaXomuics B COCTaBe MIa3MHIbI
pLS3063) u obpazoBanue GepMeHTa JieBaHCAXapasbl, KOTOPIA 00ECIeUnBACT MPEBPAILCHAE CaXapo3bl B TOK-
CHYHOE JJIsl TPaMOTPHULIATENIbHBIX OaKTepUil COeqUHEHNE — JIEBaH. BbIKHUBAIN TOJIBKO T€ KJIETKH, KOTOPBIE yT-
parwmu mazmuay pLS3063. OTcyTeTBre TaHHOW TUTa3MUBI B KIIETKaX MpoBepeHo ¢ momotibio TP co crerm-
¢duueckumu npaiimepamu cre-F/trfA-R. B pesynbsrare oroOpanbl BapuanTsl Oakrepuit P. brassicacearum S-1
¢ nedeKTHBIMU TeHaMu [ysR3 u mitfA. AHaIOrnYHBIM cIOCOOOM OBLT MOMYyYeH MITaMM, HECYIINH MyTaluH 110
JBYM reHaM OJJHOBPEMEHHO, ITPHU TOM HHAKTUBUPOBAHHBIE I'CHbI HE UMEIOT B CBOEM COCTaBE IOMOJTHUTEIBHBIX
TCHETHYECKUX JCTCPMHHAHT.
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Puc. 1. Cxema Noy4eHusi FeHeTUYECKUX KOHCTPYKLUH
pJQ200KS::lysR3-loxP-neo-loxP u pJQ200KS::mtf4-loxP-neo-loxP

Fig. 1. Design of genetic constructs
pJQ200KS::lysR3-loxP-neo-loxP and pJQ200KS::mtfA-loxP-neo-loxP
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Puc. 2. Dnextpodoperpamma mnpoaykros [1L[P:
1 — ucxoausi nokyc lysR3; 2 — lysR3 co BctaBkoi loxP-neo-loxP; 3 — lysR3 nocne nenenuy;
4 — mapkep monekyisipaoit macesl JIHK (GeneRuler 1 kb DNA Ladder); 5 — ucxomnslii JIokyc mtfA;
6 — mtfA co BcraBkoii loxP-neo-1oxP; 7 — mtf4 nocie neneunu

Fig. 2. Electrophoregram of PCR products:
1 — original IysR3 locus; 2 — lysR3 with insertion loxP-neo-loxP; 3 — IysR3 after deletion;
4 — molecular weight marker of DNA (GeneRuler 1 kb DNA Ladder); 5 — original mif4 locus;
6 — mtfA with insertion loxP-neo-loxP; 7 — mtfA after deletion

st onipenenieHust aHTAMUKPOOHOM aKTUBHOCTH ITaMMBI P, brassicacearum S-1-1ysR3, P. brassicacearum
S-1-mtfA u P, brassicacearum S-1-lysR3-mtfA npoBepsiiii Ha cIOCOOHOCTH HHTHOMPOBATH POCT Psijia maTore-

HOB CEJIbCKOXO3SHCTBEHHBIX KYIbTYp (Taom. 3).

Kax BUIHO U3 JaHHBIX, IPEACTABICHHBIX B TA0NI. 3, aHTAarOHUCTHYECKAsi aKTUBHOCTh IITaMMOB P. brassi-
cacearum S-1-lysR3 u P. brassicacearum S-1-mtfA B orHomenuu 6akrepuii P. syringae u P. carotovorum Bo3-
pacrana npuMepHoO B 1,2 paza B CpaBHCHUH C aHTarOHUCTUYECKOI aKTUBHOCTBIO MCXOJHOTO IITaMMa. Y Ba-
puanra P. brassicacearum S-1-mtfA Taxke HaOIIOIAI0Ch YBEIHMYCHHE CIIOCOOHOCTH MOABISATH POCT IPUOOB
F oxysporum wn C. lupini B 1,3—1,4 paza. LLltamm P, brassicacearum S-1-lysR3-mtfA nposiBisi moBBIIEHHYIO
B 1,4—1,6 pa3a aKTUBHOCTb IIpU MOAABJICHHU POCTA BCEX MCCIICIOBAHHBIX TATOTCHOB B CPAaBHEHUH C MCXOJI-

HBIM ITaMMOM.
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Tabnuna 3
PesyabTar cpaBHeHust
AHTArOHMCTHYECKON AKTHBHOCTH HCCJIEYEMBbIX IITAMMOB
Table 3
The result of comparing
of antagonistic activity of the studied strains
30Ha 33JIEPKKH POCTa, MM
ITatoren P. brassicacearum P. brassicacearum P. brassicacearum P. brassicacearum
S-1-lysR3 S-1-mtfA S-1-lysR3-mtfA S-1
P, syringae 27,0+ 2,6 26,0+ 1,8 31,0 £ 2,0* 223+1,6
P. carotovorum 27,0+2.8 28,3+£3,2 32,3+2,5% 23,0£2,0
A. alternata 20,0+2,0 22,0+2.8 26,0 £ 1,4%* 19,0+ 1,4
F oxysporum 20,0+ 1,4 243+28 25,0 £ 1,8% 17,0+ 1,4
C. lupini 21,0+2,8 25,0+ 1,0%* 30,0 £ 2,0% 19,0+ 1,0

*CTaTHUCTHYECKH 3HAUUMBIE 110 7-KpuTepHio CThIOICHTA pa3indus ¢ KOHTpoJieM mpu p < 0,05.

B xoze mepBoro sTarma paboThl OBUTO TIOATBEPIKICHO, UTO HaOmomaeMble paHee d(h(eKThl, CBI3aHHBIC C YBe-
JMYEHUEM aHTUMUKPOOHOH aKTUBHOCTH Y TPAHCIIO30HHBIX MyTaHTOB tamMmMa P, brassicacearum S-1, ABnsoTCs
pE3yNBTaTOM HaIpaBICHHONH MHAKTHBANNN TeHOB [ysR3 u mif4. Takum o0pa3om, Ha OCHOBAHWUH MOJTYYESHHBIX
JaHHBIX MOJKHO IIPEATIONOKUTE, YTO MyTallls B FeéHE TPAaHCKPUILIMOHHOTO (hakTopa cemericTsa LysR npuso-
IUT K HapyLIEHUIO OCMOPETy/SIIUN MM HETUIIMYHOMY OTBETY Ha OCMOTHYECKHH CTpecc, 4TO, B CBOIO Ode-
pellb, MOJIOKUTEIIBHO BIMSET HA CUHTE3 OJHOIO MJIM HECKOJIbKUX BTOPUYHBIX METaOO0JIMTOB, OIPEAEIISIONINX
AHTAarOHUCTHUYECKUE CBOMCTBA mTaMma P. brassicacearum S-1 [26]. Metammonentuaaza cemerictea M90,
MIPEATIONOKHUTEHFHO, CIOCOOHA BIUATH Ha padoTy dhochoTpanchepazHoil CUCTEMBI, YTO MOXET TII00ATHHO
HU3MEHSTh PETYNATOPHbIE Kackalsl B kieTke. He nckiroueno, uto 6enok MtfA MoxkeT UMETh elle HECKOIbKO
MHUILIEHEH, ToMUMo pernpeccopa Mlc, u 1ubo HemocpeacTBEeHHO, MO0 Yepe3 KacKall peakuuil peryinpoBarh
paboTy OeJIKOB-CHHTA3, KOTOPBIE ONPENEIISIOT CHHTE3 BTOPUYHBIX MeTa0oauToB. B mureparype ects nocra-
TOYHO NPUMEPOB CHEUU(PUIECKON Aerpagaluy PEerylIsaTOPHBIX OEJNKOB psAIOM NpPOTeas, B Pe3ysbTare 4ero
MEHSIOTCS (DEHOTUTTMYECKHE XapaKTepUCTHUKN mTaMMoOB [27; 28]. B wactHOCTH, TIpoTeasa Lon y Oakrepuit
P, syringae pv. tomato sIBISi€TCA HETATUBHBIM PETYJSTOPOM CHHTE3a OEJIKOB JKIYTHKOBOI'O ammapara M 3K30-
nonucaxapuoB [29]. ITockonbKy BbICKa3aHbl JUIIb NPEANOI0KEHUSI OTHOCUTEIBHO POJI IPOAYKTOB T€HOB
lysR3 n mifA B MexaHU3Max PETyISIHA CHHTE3a aHTUMUKPOOHBIX METaOOIHMTOB, TAHHBIH BOIIPOC TpedyeT
JaJbHEHUIIEro U3yYeHHUSI.

Tak xak HaMK ObLIM BHECEHBI HAIPaBJICHHbIE MyTallluu B TeHbl [ysR3 u mifA, T0, TOMUMO HAOIIOOAEMBIX
3¢ (deKTOB YBEINUYECHHONW aHTarOHUCTHYECKONW aKTHUBHOCTH, MOIJIM U3MEHUTHCS M APYTHe CBOWCTBA, 3HAUU-
MBbIe ISl OMOTEXHOJIOTUYECKOTO MTamMMa. Takxke B pesyabrare Jelenuil B reHax [ysR3 u mifA Henb3s uc-
KJIIOYaTh BO3MOXKHOCTH TOTO, YTO MOJTY4YEHHBIC IITAMMBI OyIyT 1€MOHCTPUPOBATh IIOHMKEHHYIO KOHKYPEHTO-
CHOCOOHOCTh U BBIKMBAEMOCTb B IPUPOJHOM MOYBEHHOM KOHCOPLMYME MHKPOOPraHU3MOB. [y mpoBepku
JaHHBIX MPEINOI0KECHUN ObUIN POBEICHBI Ja0OpaTOPHbIE SKCIEPUMEHTBI IO N3YyUYCHHIO BIMSHUS IITAMMOB
P. brassicacearum S-1-lysR3, P. brassicacearum S-1-mtfA u P. brassicacearum S-1-lysR3-mtfA na poct
U pa3BUTHE PAAa CEIbCKOXO3IHCTBEHHBIX PACTCHHUH.

bruto mokazano, yTo npu oOpaboTKe ceMsiH ToMmara, orypua M nerpyiku pacrsopamu KK B Teuenue
30 MMH HccieayeMble ITaMMbl HE OKa3bIBAIOT (PUTOTOKCHYECKOTO ACHCTBUS Ha ceMeHa. Takke OTMEUYeHO,
yto wramMM P. brassicacearum S-1-mtfA nposiBisieT poCcTOCTUMYNIHUPYIOLINHA 3QPEKT B OTHOLICHUHU CEMSH
ToMarta, a mramm P. brassicacearum S-1-lysR3-mtfA — B oTHomeHn# ceMsH ToMara u orypua. B yactHoctw,
HaOJII0aI0Ch yBeaU4YeHue B 1,4 pa3a AJMHbI KOPHEH B CPABHEHUH € MX JJIMHOW IOCIIE BO3IEHCTBUS HCXOIHOTO
mTamma (taom. 4).

Kpome Toro, orieHuBaIu )KU3HE- U KOHKYPEHTOCHOCOOHOCTh U3y4aeMbIX ITAMMOB B MOZAEIBHOM MOYBEH-
HOM KOHCOPLIMYME MUKPOOPTaHU3MOB ITyTE€M BbIceBa 00Pa3LiOB 3eMJIM Ha CEJIEKTUBHbIE cpeibl (Tadi. 5). B ka-
YeCcTBE KOHTPOJICH Ha CEJIEKTHBHBIC CPEbl C aHTUOMOTUKAMHU U 0€3 HUX BBICEBAJIM MPOOBI 3€MITH, B KOTOPBIE
He OBbUIM BHECEHBI LITaMMbl HCClIeAyeMbIX OakTepuil. Ha KOHTpOIBHBIX YaliKax ¢ aHTHOMOTUKAMH (POPMHUPO-
BaHME OaKTepHaIbHBIX KOJIOHUI He HaOJII01a10Ch, TOI/IA KaK Ha YallKax, COAeprKalluX cpery 0e3 100aBieHus
AHTHOMOTHKOB, OTMEUAJICS POCT B BUAE CIUIOLIHOTO Ta30Ha.
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B xome orbopa 00pasiioB MOUBKI M BBICEBOB Ha CEIIEKTHBHBIC CPEJIbl 10 UcTeueHnH 31 cyT mocie BHece-
HUSI HCCIIEYEMbIX ITaMMOB B TTOYBY K PAaCTEHHSIM OBLIH BBISIBIICHBI IITaMMbI P. brassicacearum S-1-1ysR3,
P, brassicacearum S-1-mtfA, P. brassicacearum S-1-lysR3-mtfA ¢ turpom e mmxe (5,2 +0,2) - 10° KOE/T,
YTO CBUJICTEIBCTBYET O BBKHMBAEMOCTH MCCIETYEMBIX MITAMMOB B IOYBEHHOM MHUKPOOHOM KOHCOpIIUYME.
Takoke He ObLIO 3ahUKCHPOBAHO GUTOTOKCHYECKHX I(D(PEKTOB HA POCT M Pa3BUTUE PACTEHUH TOMATa, OTypla
U METPYIIKU B pe3yJibTaTe MojinBa pacTeHuit pactBopamu KXK nccrenoBanHBIX ITAMMOB.

3akaueHmne

B pesynbrare npoBeneHns 6e3MapKepHOTo MyTareHesa rmoiy4deHsl mrammbl P brassicacearum S-1-1ysR3,
P. brassicacearum S-1-mtfA, P. brassicacearum S-1-lysR3-mtfA, kotopble HECYT Kak OMHOYHBIC MyTalluu
reHOB [ysR3 u mitfA, Tak M MyTalllK JIByX I'€HOB OJJHOBPEMEHHO. Y HCCIEeyeMbIX BapUaHTOB HaOJIIONATOCH
MOBBIIICHNE aHTATOHUCTHYECKOW aKTUBHOCTH MO OTHOIICHUIO K Psiy OaKTepHalbHBIX U TPUOHBIX ATOTEHOB
CeNbCKOX03AUCTBEHHBIX KYNbTYp B 1,3—1,6 pa3a B cpaBHEHMH ¢ aKTHBHOCTBIO MCXOAHOTO IITaMMa. BriepBrie
ObLIa YCTaHOBIICHA POJIb TeHOB [ysR3 1 mifA B aHTAMUKPOOHOM aKTHBHOCTH IiTamma S-1.

[Toka3zaHo, 4TO MONyYEHHBIC IITAMMBI HE OKa3bIBalOT (PUTOTOKCHUYECKOTO JICHCTBUS Ha MPOPACTAHHE U Pa3-
BUTHE CEMsIH paCTCHHMIA TOMaTa copta 3arajka, orypia copra Kpak F1 u nerpyuiku copra JIucroast oObruHast
B 1a00paTOPHBIX yCcIOBUsX. Takke Tpu 00padboTke ceMsiH orypua u tomara KX mramma P brassicacearum
S-1-lysR3-mtfA oTmeuasnock yBequueHHE JUTMHBI KOPHEH MPOPOCTKOB B 1,4 pa3za B CpaBHEHUH C UX JUTMHOU
ToCJIe BO3/IEHCTBHS UCXOTHOTO IITaMMa.

YcTaHOBIIEHO, YTO NMPHU BHECCHHMU MITaMMOB P. brassicacearum S-1-1ysR3, P. brassicacearum S-1-mtfA,
P, brassicacearum S-1-lysR3-mtfA B mousy uepes 31 ¢yt turp 611 He HIke (5,2 £ 0,2) - 10° KOE/T, uto cBH-
JIETEIbCTBYET 00 YCIICITHON HHTErPalliy NCCIIEIOBAHHBIX IITAMMOB B ITOYBEHHBIN KOHCOpIMYM. [lomydyeHHbIe
JAHHBIE MOTYT OBITh HCIIOJIB30BaHbI MIPH pa3padoTke OaKTepUabHBIX PEnaparoB HOBOTO MOKOJICHUS JUTS 3a-
ITUTHI CEITHCKOXO3IMCTBEHHBIX PACTEHUI OT OOJIE3HEH.
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