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BBenenue

AKTYaJbHOCTH T€MbI HCCJIETOBAHUSA

broTexHo0rMM Ha OCHOBE KYJIBTYPHI KJIETOK M TKaHEeW pacTeHui in Vitro mm-
POKO TIPUMEHSIFOTCSI B COBPEMEHHBIX (PYHIaMEHTAIBHBIX M MPUKJIAJIHBIX UCCIIEI0BA-
Husax [156, 490]. KynpTypa coMaTH4eCKUX KajlycoB iN VItro sBiiseTcs BaKHBIM dTa-
IOM MHOTUX OMOTEXHOJOTHYECKHX MOJXO0A0B, MPUMEHSEMbIX B U3yUYE€HUHU (PU3UOIIO-
MM PACTEHUH, a TaKKe B MPAKTHUECKOHN CEJIEKUIUU U CEMEHOBOACTBE pacTeHuid. Co-
BOKYITHOCTh MOP(OTEHETUYCCKHUX TPOIIECCOB B PACTUTENBHBIX KJIETKaX M TKaHAX IN
VitrO BIMsSET HA COMAaTHYCCKUIH AIMOpPHOTeHe3 M pereHepaliio pacTeHU, YTO Onpe/e-
asieT 3¢ (GEKTUBHOCTh METO/IOB KJICTOUYHOM M TeHOMHOM cenekiuu [605]. Baxuei-
[IMM HamlpaBlIEHUEM MPAKTUUYECKOTO MPUMEHEHHUSI METO/I0B KYJIbTYPhI KJIETOK U TKa-
Hel pacTeHuid IN VItro siBiisieTcs MPOU3BOJICTBO 03I0POBICHHOTO TTOCaJOYHOTO MaTe-
puana, B TOM 4YHCJI€ Ha O3/J0pPOBJICHHONW OCHOBE, C HCIIOJIb30BAHHEM METOJ]a KIIO-
HAJILHOTO MHUKPOPa3MHOXECHHS (MUKPOKJIOHAIBHOTO pa3MHOXeHHs) In vitro [81].
JUis MHOTMX BEr€TaTUBHO Pa3MHOKAE€MBIX CEJIbCKOXO3SMCTBEHHBIX KYJIbTYp, B
NEPBYIO Oouepenb sl KapTodensi, STOT METO CTal OCHOBOM COBPEMEHHOTO CEMEHO-
BozcTBa [32, 33].

MeTtoa KylIbTHBUPOBAHUS KJIETOK U TKaHEW pacTeHHid IN VILro mocTOsSHHO CO-
BEPILICHCTBYETCS B OTHOIIEHUH PA3IMYHBIX BUOB PACTCHUN M 33724 KyJIbTUBHPOBA-
aus [102, 292, 467]. Jlng ycmemHoro KyJbTHBHPOBAHUS PACTUTEIbHBIX KJIETOK H
TKaHe# in Vitro Tpedyercst co31aTh ONTHUMAJIbHBIC YCIOBUS, 00CCIICUNBAIOIINE Peali-
3alMI0 KIETKaMU pacTeHW WX MopdoreHeTndeckoro moTteHnuana. s MHOTHX
BaXXHEHIIINX CEIbCKOXO3UCTBEHHBIX KYJIBTYp, B NEPBYIO Ouepelb 37aKOoB (B TOM
qHCcIe MATKOW TIIeHUIpl Triticum aestivum L.), ucnonp3oBaHHe OMOTEXHOJIOTHYEC-
CKUX TPUEMOB CACPKUBACTCS HU3KOW MOP(POreHEeTHUECKON aKTHBHOCTBIO KIIETOK U
TKaHeW B KyJbType IN VItro y pa3iuvHbIX COPTOB U CEJICKIIUOHHBIX JTUHUNA. IMOPHO-
UJOTCHE3 W OpPraHoreHe3 B KyJIbTYype COMAaTUYECKUX KIIETOK, Oasupyromuecs Ha
CBOMCTBE TOTUMOTEHTHOCTH, UHAYLIUPYIOTCS Pa3IMYHBIMU CTPECCOBBIMU (paKTOpaMuU

KyJIbTUBUpOBaHUs. BaxkHeiliee BiausiHue Ha 3p(HEKTUBHOCTh KYJIbTUBUPOBAHUS KJle-
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TOK W TKaHeW pacTeHui IN VIIr0 mMeeT reHOTHUI pacTeHUs W THI 3KcruiaHTa [158,
458, 641]. OrpoMHOE BHIMAaHHUE HCCIIEIOBATENCH TMPUBJICUEHO K U3YUYCHHUIO 3aKOHO-
MEPHOCTEH TeHETHYECKOTO PETYIMPOBAHUSI MPOIIECCOB MOPQOTreHe3a 1 MOUCKY Map-
KEepHBIX TeHOB [64].

C nenpro moBwIIeHUS 3(H(HEKTUBHOCTH METOAOB KYJIBTUBHPOBAHUS KIIETOK U
TKaHe# pacTeHui IN VItro vaie BCero MCCieayercsl BIUsHIE (PU3MUSCKUX U XUMHYe-
CKUX (haKTOpOB BO3JEHCTBHS HAa KJICTOYHBIC M TKAHEBBIC KYIbTYpHI. JlJIs CTUMYIIS-
IIUH [IPOLIECCOB MOP(OreHe3a akTUBHO UCIIONb3YIOTCS, B YACTHOCTH, CHHTETHUECKHE
aHaord (PUTOrOPMOHOB, HEKOTOpPHIE AMHHOKHCIOTHI, HUTpAT cepedpa, aleToH U
npyrue BemectBa [58, 71, 117, 651]. B kauectBe du3mueckux (HakTOpoB BO3JCH-
CTBHSI HCIIOJIL3YIOT TEMIIEPATYPy, OCBEIICHHOCTh, HEKOTOPbIC BU I M3mydeHuii [100,
305, 413, 595, 633].

K unciy Mano u3ydeHHBIX (aKTOpPOB BO3JECHCTBUS HA PACTUTEIIbHBIC KICTKU B
KyJbType IN VIIr0 MOXHO OTHECTH BJIMSHHE BHEIIHUX OHMOJIOTHYECKHUX (haKTOPOB,
HarpuMep, MUKPOOPTaHU3MOB, B TOM uuciie Oaktepuii. TpaaunnonHo Metox in Vitro
paccMaTpHUBAETCsl KaK KyJbTypa aceNTUYECKHX KJIETOK M TKaHed pacteHuit. Orpom-
HBIC YCHJIUSI MCCIIEZIOBATENeH MPUIaraloTcs g CO3AaHUS U TOJJEPKAHUS yCIOBHMA
CTEPWJILHOCTH B KYJIBTYPAIBHBIX COCYAaX W MPEIOTBPAIICHHUS KOHTAMUHAITUU KYJTb-
typ [41]. [Ipu 3TOM criocoOHOCTH pusochepHbix Oaktepuid (plant growth-promoting
bacteria, PGPB) ctumynupoBaTh pocT pacTeHHI B €CTECTBEHHBIX YCIOBHSIX XOPOIIIO
u3BectHa [509]. B mocneanue roapl BHUMaHuEe (U3HOJIOTOB M OMOTEXHOJIOTOB PacTe-
HUW TPUKOBAHO K HW3YYCHUIO MEXaHHM3MOB PaCTHUTCIBHO-MHKPOOHBIX B3aWMOJICH-
CTBUI U CO3JaHUIO arpOOMOTEXHOJIOTHI Ha 3TOI OCHOBE.

Crenenb pa3padloTaHHOCTH TeMbI MCCJIET0BAHUI

B nureparype BCTpewaroTCs €IWHUYHBIE PaOOTHI, OMHUCHIBAIOIINE IOJOXKH-
TENbHOE BJIMSHUE OAKTEpUil HAa KIIETOYHBIC KYJIBTYPBI pacTeHuil in vitro. beuto ycra-
HOBJICHO, YTO CYCIICH3UU HEKOTOPBIX IITAMMOB OaKTepUil CTUMYIUPYIOT MOP(HOTEH-
HYIO aKTUBHOCTh KJIETOK pa3HbIX BHIOB pactenuii [21, 74, 103, 167, 447] u noBbI-
IIAI0T CIMOCOOHOCTh K aJalTallid PereHepaHTOB K ycioBusiM €X Vitro [251]. Ilpu

9TOM OIIBIT 6aKTCpI/ISaI_II/II/I COMAaTHYCCKHX KIJICTOK paCTCHI/Iﬁ in Vitro >xuBBIMU OakTe-
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pUSIMU dYallle HeyJa4yeH, TaK KaK BbI3bIBACT KOHTAMHUHAIIMIO KYJIbTYpHl W/WIK (PUTO-
tokcuaeckuit apdext [51]. Coobmanock, 4To HHOKYIISAIKS IN Vitro 6akrepusMu poaa
Azospirillum mpuBoauT B ycimoBusx in VItro K YCHJICHHIO pOCTa M Pa3BUTHS PACTCHHIMA
kaprodens [638], 6azwimka [162] u k yIydIIeHHIO aKKIMMATU3AIUH (QPYKTOBBIX
pacTeHHMIA B yCITOBHUSAX €X Vitro [344].

HmeroTcst CBEZICHHSI O TOM, YTO OT/ICIbHBIE KOMIIOHEHTHI MUKPOOHBIX KIIETOK,
Takue kKak xuTtuH, nentugoraukad (PGN), munononucaxapun (JIIIC) u metabonut
OakTepuil puzobuanbHblil hakTop KiyoHeoOpaszoBanusa (Nod-factor), cnocoOHBI BbI-
CTyIaTh B POJIM CHUTHAJIBHBIX MOJEKYJ, BHI3BIBAIOIINX UMMYHHBIC WM CUMOMOTHYE-
CKHE OTBETHBIC peaknuu pacteHuit [278, 521]. YcranosneHo, uro JIIIC HapyxHOM
MeMOpaHbl acCOIMATUBHBIX OakTepuit poma Azospirillum, sBistomiuiics ogHUM H3
MaKOPHBIX KOMIIOHEHTOB KJIETOYHOW MOBEPXHOCTH TPAMOTPHUIATEIBHBIX OaKTEpHid,
MPOSIBJISIET BHICOKYIO aKTUBHOCTh B KOHTAKTHBIX B3aUMOJICUCTBUSIX C KOPHIMHU pac-
teHui [369] u mpuHMMaeT ydacTue B MpoIlleccax, HHIYIUPYIONIMX OTBETHBIC peak-
UM pacTeHHI Ha 3TH B3aumojcicTBus [224]. Ilpu sTOM, OakTepuu JaHHOTO poja
XOPOILIO M3BECTHBI KaK CTUMYJIHPYIOIIME POCT pacTeHUI pu300aKTepUu U SABISIOTCA
MOJICJIEHBIMU TIPU U3YYEHUH PACTUTEIBHO-MHUKPOOHBIX B3aumojeiicTeuii [489]. On-
HaKo KpaiiHe Majo u3BecTtHo o posn JIIIC accounatuBHbIX OAKTEPH B IpoLieccax UxX
COBMECTHOT'O KYJbTHBHUPOBAHUS C PACTUTEIBHBIMH KJICTKAMH U TKaHsIMH IN VItro.

B nenom, ananu3 nuTteparyphl MOKa3all, 4TO AJs TaKUX BaKHEHIINX CEIbCKO-
XO03SMCTBEHHBIX KYJbTYp, KaK MIICHUIIA U KapTo(]esib, UMEIOTCS JUIIh CTUHUIHBIC
paboThI MO MHOKYJISIMKM KJICTOYHBIX M TKaHEBBIX KyibTyp In Vitro. HemocraTouno
JAHHBIX O CO3JaHMH d(PPEKTUBHBIX PACTUTECIHLHO-MUKPOOHBIX accolpamuii in vitro
CHOCOOHBIX OKAa3bIBaTh MOJOXKUTEIBHOE BIMSHUE HAa MOpP(OreHe3 M pereHepanuio
pacTEeHUH.

Heab u 3a1aum ucciae10BaHUs

[ens nccnenoBanus — pazpaboTka HOBOTO MOJIX0/1a K MOBBIMICHUIO Y (PEKTHB-
HOCTH KyJBTYPbI KJICTOK M TKaHEH IN VItr0 Ha OCHOBE HCIOJL30BaHMSI aCCOIMATUB-

HBIX PU30CPEpHBIX OAKTEpUil 1 KOMIIOHEHTOB MX KJIETOK ISl CTUMYJIMPOBAHUS MOP-
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dboreHeza OAHOMOIBHBIX (TIIEHUIIA) U JIBYJIOJBHBIX (KapTodenb) pacTeHUN Ha pas-
HBIX YPOBHSIX OpraHM3aIiy (KJIETKU, TKAaHU U OpraHbl PACTEHU).

JUist TOCTHKEHHS TTOCTABJICHHOM 1EJIN OTIPEIEJICHBI CIIEAYIONINE 3a/[aUH:

1. Co31aTh reHeTHYECKYI0 MOJIENb ISl U3y4YeHUs MOpOreHe3a COMaTHIECKIX
TKaHeW SPOBOI MATKOH MIICHUIBI B KyJabType iN VItr0 Ha OCHOBE MOYTH M30TCHHBIX
JIMHUM.

2. OLIEHUTh BO3MOXXHOCTD MOBBIIIEHNUS MOP(GOTEHHOM (B TOM YHCIIE pereHepa-
IIMOHHOHM) CHOCOOHOCTH KaJUTyCOB SPOBOM MSTKOW MIIEHUIBI IYTEM BO3AEHCTBUS
pusocheprbiMu Oaktepusmu poga Azospirillum u apyrux TakCOHOMHYECKUX TpyII
Ha COMAaTUYECKHE KIETKH B KyJIbType in Vitro.

3. 3yunuTh BIUSHUE JTUIONOINCAXAPUJOB KIETOUHBIX CTEHOK OakTepuil poja
Azospirillum Ha MopdoreHeTHdecKnid MOTCHIMAT COMATHYECKUX TKAHEH SPOBOMU
MSTKOU MIIEHHIIBI B KYJIbType IN Vitro.

4. ViccnenoBath BO3MOKHOCTh TOBBIIIEHUS 3(PPEKTUBHOCTH pOCTa U ajanTa-
LUOHHOW CIOCOOHOCTH MEPHUKJIOHOB KapTo(desis MyTeM CO3/1aHusl aKTUBHO (PYHKIHO-
HUPYIOIIUX acCOIMalUi pacTeHuit ¢ pu3ochepHbME OakTepusMu poaa Azospirillum
U IPYTUX TAKCOHOMUYECKUX TPYII B KyJIbType iNn Vitro.

5. OnpenenuTh MEXaHU3MbI BO3JEHCTBUSA PU30CHEPHBIX OAKTEPHUIl HA KYJIbTY-
PbI KJIIETOK M TKaHEH pacTeHHUil, UX POCT B KyJbType IN VItro u agantaroHHBIA IMO-
TEHIIMAJ B YCIOBHSIX €X Vitro.

6. M3yunTh BAMSHHUE JUIOINOIMCAXAPUAOB KIETOYHBIX CTEHOK OakTepuil poza
Azospirillum Ha pocT MepuKIIOHOB KapTodens B KyJbType in Vitro.

7. Pa3zpaboTaTh pPEKOMEHJAIMU IO TMOBBIMICHUIO A(PGHEKTUBHOCTU METOJIOB
KyJbTUBUPOBAHHS KJICTOK M TKaHEH pacTeHuid IN VItro ¢ MCroib30BaHUEM pacTH-

TEJIbHO-MUKPOOHBIX acCOIMalui ¢ pU30CPEPHBIMU OAKTEPUSIMHU.

HayuyHast HOBU3HA HUCCJIeIOBAHU U
BniepBbie npoBeIeHO BCECTOPOHHEE UCCIICIOBAHKE T10 MEPEXOAY OT THOTOOHO-
HTHOTO K TOJIOOMOHTHOMY CIIOCOOY KYJbTUBHUPOBAHUS KJICTOK M TKaHEH pacTeHHH INn

vitro. IToka3zana BO3MOKHOCTE M YCJI0BUA CO30aHUA U aKTUBHOI'O (I)YHKHI/IOHI/IPOBa-
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HUS PACTUTEIHLHO-MUKPOOHBIX acCOIMAllMd Ha OCHOBE KYJIbTYpP COMAaTHUYECKUX KJle-
TOK U TKaHeW OJHOJIOJIbHBIX (IIICHHIIA) U IBYAOIBHBIX (KapTodesb) pacTeHuil ¢ pu-
30C)epHBIMU POCT-CTUMYJIUPYIOIIMMH OakTepusamu ponaa Azospirillum u npyrux Tak-
COHOMHYECKHX TPYII B KyJlbType in Vitro. Ha ocHOBe M3y4eHHs MOYTH H30TCHHBIX
JIMHUN MSTKOM MIIEHUIIbI, CO3JaHHbIX B TeHO(doHe copTa CapaTtoBckas 29 u anbrep-
HATUBHBIX 10 F€éHaM KOPOTKOCTEOETbHOCTH, 0TOOpaHa MOJICNIbHAS Mapa CECTPUHCKHUX
JVHWHA, pasnuyaronmxcs mo reny Rht-B1lc u oGmamaronmx pasHoit MopdoreHeTnye-
CKOM aKTUBHOCTBIO B KYJIBTYPE COMAaTHYECKHX TKAHEH, JJI M3Yy4YEHHs IIPOLIECCOB
Mop(doreHesa B KyJbType COMaTHYECKUX KaJuTycoB iNn Vitro. ITogoOpaHbl onTHMaib-
HbI€ YCIIOBUS MHOKYJIMPOBAHUS TKAHEW MATKOM MUIIEHUIBI U KapTOQens KUBbIMU PU-
30c(epHBIMU OAKTEPUSMHU B 3aBUCUMOCTHU OT UX CBOMCTB. M3yueHO BIMSIHHUE KaK KH-
BBIX KJIETOK pU30C(EpHBIX OaKTepuil, TAK U KOMIIOHEHTOB UX KJIETOYHBIX CTEHOK —
aunononucaxapuaos (JIIIC) Ha MmopdoreHez comaTuyecKux TKaHEeH MIIEHUIbI U Kap-
todens in Vitro. YcTaHOBICHBI MEXaHU3MbI BIUSTHHS MUKPOCUMOMOHTOB aCcCOLMAIIAN
Ha TOPMOHAJIBHBIN CTaTyC KYJIbTUBUPYEMBIX KIIETOK, SKCIPECCHIO HEKOTOPBIX I'€HOB,
CUHTE3 OT/EJIbHBIX KOMIIOHEHTOB CUCTEMHON YCTOMYMBOCTH.

Teopernyeckasi M NpakTUYecKasi 3HAYUMOCTH PadOTHI

Teopernyeckas 3Ha4UMOCTb PaOOTHI ONMPEAENSIETCS BO3MOKHOCTBIO CO3/IaHHUS
PaCTUTENBHO-MUKPOOHBIX acCcoOIaIuii pu3oc(epHbIX OAKTEpHil ¢ KyJIbTypaMH KJie-
TOK M TKaHEH pacTeHWil MIICHUIBI MATKOW U KapTodens B KyibType In VItro u cru-
MYJIUPOBaHUSA MOP(OTeHETHUECKUX MPOLIECCOB Ha 3TOM ocHOBe. OmnpeseneHsl ycio-
BUS CO3/IaHUSI PACTUTEIHLHO-MUKPOOHBIX acCOLHMAIMK B KyJIbType In Vitro. Ompene-
JeHbl MexaHu3Mbl B3auMoniercTBusi PGPR 1 KOMIIOHEHTOB MX KJIETOYHBIX CTEHOK
(JITIC) ¢ kimerkamMu pacTeHUN MIIECHUIBI MITKOW W KapTodens. M3ydeHbl crnocoOb!
NOBBIIIEHUS 3(PHEKTUBHOCTH KYJIbTUBUPOBAHUS COMATUUYECKUX KaJUTYCHBIX TKaHEH U
KJIOHAJIbHOTO MHUKPOPAa3MHOXKEHUSI HA OCHOBE MPUMEHEHUS! pU30CPEepHBbIX OakTepuid
U MX JIAIIONOJINCAXapPUIOB HAa NPUMEPE BAXKHBIX CEJIBCKOXO3AWCTBEHHBIX KYJBTYP
(mmenunbl U kaprodens). [lomobpanbl onTUMaIbHbIE BapUaHThl CTUMYJIHWPOBAHUS
Mop(orenesa (B TOM YUCIIE€ PETEHEPALMOHHON CIIOCOOHOCTH) COMATUYECKUX KalTy-

COB IIIICHUIIBI 6aKT€pI/IaJIbHBIMI/I JUIionojgucaxapuaaMyu Ha IpUMEPE I'CHOTUIIOB C
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pa3IMYHON OT3BIBYMBOCTHIO K KYJbTHBHPOBAHHIO IN Vitro. OmpeneneHsl accorma-
TUBHBIC MUKPOIIAPTHEPHI TSI KYJIBTYp COMATHYECCKHX TKaHeW kKaprodels in VItro u
ONTUMAJIbHBIE YCIIOBUS UHOKYJISIIIUU.

[To pesynbraTam uCCIENOBaHUM, NPOBEICHHBIX HA MPEIJIOKECHHOU MOIEIH,
COCTOSIICH M3 MOYTH U30TCHHBIX JIMHHUM, aJlbTePHATUBHBIX 10 TeHam Rht-Blc, moiy-
YeH maTeHT Ha u3o0perenne «Terparuapar (+) rugporaprpata (+) muc-[2S, 5R-1,5-
TUMETHI-2-(1-0KCH-3-TIpOoniuT) |-IIUPPOTHINHUS, TPOSBIISIONHA  MOp(oreHeTHYC-
CKYI0O U POCTOPETYIHPYIONIYI0 akTUBHOCTBY (Ne 2186768 ot 10.08.2002 r.). Pa3pa-
O0oTaHbl MeToanueckue pekoMeHaanuu «lIpuMenenne pusocpepHsix OakTepuil npu
MUKpPOKJIOHAJIBHOM pa3MHOXeHuu Kaprodens» (B coaBropctBe ¢ H.B. EBceeoii,
M.B. 3aropyiiko u I'.JI. Bypsirunsim, 2021 r.). Pe3ynsTaThl UCClieI0BaHNN BHEIPEHBI
B HAay4HYIO U npakTtuyeckyto aestenbHocth B UBOPM ®UIL] CHIL PAH (akT BHEx-
peaust ot 07.10.2025 r.), ®I'BHY «®AHII IOro-Boctoka» (akT BHEApEeHHS OT
09.10.2025 r.), ®I'BOY BO Ilenzenckuii I'AY (akt BHenpenus ot 01.10.2025 r.), a
takke UIT K(®)X Illepenko ILIO. (akt BHeapenus ot 16.11.2020 r.). Pe3ynbrarsl
JCCEepTalMK UCTIONB3YI0TCS B yueOHOM nporiecce @I'BOY BO BapunoBckuit yHU-
BEPCUTET NPU YTEHUU JIEKLIMM 110 HarpasiieHUsAM noaArotoBku: 35.03.04 Arponomus
u 35.04.04 Arponomusl.

MeTo10/10THSI U METOIbI MCCJIEIOBAHUSA

B mpouecce uccienoBanuii UCMOJI30BAHO COYETAHUE KIACCUYECKUX OMOTEX-
HOJIOTUYECKUX METOJO0B KYJbTHBUPOBAHUSI COMATUUECKUX KIIETOK, TKaHEH (KyJIbTy-
pbl COMAaTUYECKUX KaJTyCOB) M OPraHOB PACTEHHMM (KJIOHAJIBbHOE MHKPOPA3MHOMKe-
HHE) IN VILro ¢ co3maHueM aKTUBHBIX PACTUTEIHLHO-MUKPOOHBIX acCOIMALUN C pU30-
chepHBIMH POCT-CTUMYIUPYIOMUMH OakTepusiMu. D(PPEKTUBHOCTh PACTUTEIHHO-
MUKpPOOHBIX acCOLMALUNA OLIEHUBAJIACh M0 KOMIUIEKCY MOP(OJIIOrHuecKuX, Hru3noo-
ro-OMOXUMHUYECKUX, aHATOMO-TUCTOJIOTMYECKHUX MTPU3HAKOB PACTEHUI B YCIOBHUAX IN
Vvitro u ex vitro. [{ns naeHTuduKaiuy mraMmMoB pu3ochepHbIX OaKTepHil Ha pacTe-
HUSX B CO3JAHHBIX aCCOLMALUAX MPUMEHSIIMCh UMMYHOXUMHUYECKUE MeTobl. O1ieH-
Ka MEXaHU3MOB BO3/CUCTBUS PU30CHEPHBIX OaKTEpHil Ha KyIbTYpPhl KJIETOK U TKaHE!

paCTCHI/Iﬁ HN3ydajlaCb Ha OCHOBAHHH OMOXMMHUYECKUX aHAJIN30B COACpIKaHUA B TKa-
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HSAX TOPMOHOB, KOMIIOHEHTOB CHCTEMHOM YCTOWYHMBOCTH U YPOBHSI OTHOCHTEIBHOMU
TPAHCKPUIIUU TE€HOB.

Bce skcniepuMeHThI POBEAWINCH B COOTBETCTBUU C TpeOOBaHMEM COOJIOJIE-
HUS TIPUHLININA €IUHCTBEHHOIO Pa3iMyus U PEHIOMU3UPOBAHHBIX MMOBTOPHOCTEH, a
JTAaHHBIE MCCIIEIOBAaHUH TOJIBEPrajliCh CTATUCTUYECKONU 00paboTKe.

OCHOBHBIE M0JI02KE€HH S, BBIHOCHMbIC HA 3AIUTY

1. I'eneTnueckast MOJIETIb HA OCHOBE MTOYTH U30TE€HHBIX JIMHUN B TEHOTHUIIE COP-
ta CaparoBckas 29, anbTepHaTHBHBIX M0 reHy Rht-Blc, pasznuyaromuxcs mo crnocoo-
HOCTU K MOP(OreHe3y U pereHepalii B KyJIbType KaJUIyCOB, SIBIISICTCSI IEPCIEKTUB-
HOM N1 u3ydyeHusi Mop(doreHe3a COMaTUUYECKUX TKAHEW SIPOBOM MSTKOW MIIIECHUIIBI B
KyJIbType In Vitro.

2. B KyapType COMaTHYECKHX KJIETOK, TKAHCH W OpPraHOB pacTeHWy in Vitro
BO3MOYKHO CO3J[aHME aKTUBHBIX PACTUTEIILHO-MUKPOOHBIX accolualuii ¢ pusocdep-
HBIMH POCT-CTUMYJIUPYIOIIUMH OakTepusMu poxaa Azospirillum wu mrammamu
Ochrobactrum cytisi IPA7.2, Enterobacter cloacae K7, Kocuria rosea T1Ks19.

3. TloBbimenne MopQoreHeTnyeckor (B TOM YHUCJIE PEereHeparmoHHON) CIIo-
COOHOCTH COMATUYECKUX KaJUTyCOB SIPOBOM MSITKOM MIIIEHUIIBI U TEMIIOB pOCTa Me-
PUKJIOHOB KapTodens in VItro mocTuraercss MyTeM BBEACHHUS B COCTaB MUTATCIILHOM
Cpellbl JIMTOMOJINCAaXapUI0B KIETOYHBIX CTEHOK pu3ocepHbIX OakTepuii pojaa
Azospirillum.

4. DddexTrBHOCTH pocTa IN VItro u aganTalMoHHas CIIOCOOHOCTH €X Vitro me-
PUKJIIOHOB KapTo(esis MOBBIMIACTCS 3a CYET CO3/IaHMUS aKTUBHO (PYHKIIMOHUPYIOIIUX
accoIManui pacTeHU co mramMmmamu pusocheprbix Oaktepuit poma Azospirillum, a
takxe poaoB Kocuria u Ochrobactrum B kynetype in vitro.

5. Puzocdepnbie pocT-CTUMYNIHUPYIOIINE OAKTEPUU, HE HCIIOB3YIOIIUE caxa-
pO3y B KaueCTBE MCTOUHHKA YIJIEPOJa, MPUMEHUMBI JJI HHOKYJISIIIUM MUKpOpacTe-
HUI B KynbType IN Vitro. Ha akTHBHOCTH pacTUTEIHLHO-MHUKPOOHOM accoluali B
JAHHBIX YCJIOBHSX TMOJIOXKHUTENIBHO BIIMSAET CIIOCOOHOCTh OaKTepuil K CUHTE3Y MHJIO-
JT-3-YKCYCHON KHCJIOTHI, CIIOCOOHOCTH K a30T(PUKCANHA HE OKA3bIBAET CYIICCTBEH-

HOT'O BJIMSHMUA.
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6. MexaHu3Mbl BO3IEUCTBUSI pU30C(hEPHBIX OaKTepuil Ha KyJIbTYpbl KIETOK U
TKaHEH pacTeHWid, UX POCT B KyJbType IN VIO W ajanTalMOHHBINA MOTEHIMAN B
YCJIOBHSX €X VItr0 OCHOBaHBI Ha M3MCHEHUU MOPMOHAIBHOTO CTaTyca PacTUTEIILHBIX
KJIETOK, UI3MEHEHUU B DKCIIPECCUU UX ayKCHH-3aBUCHUMBIX T€HOB U CHUHTE3E JIEMEH-
TOB CUCTEMHOM YCTOMYHUBOCTH.

CreneHb JOCTOBEPHOCTH M anipodanus pe3yjibTaTOB

JIOCTOBEpPHOCTh MCCIIEIOBAHUN OIPEIEIICTCI METONOJOTUEN HCCIIEIOBAHHUS,
UCIIOJIb30BAaHUEM aNpOOMPOBAHHBIX METOJOB HCCIEIOBaHUS, CEPTUHUIUPOBAHHBIX
MPUOOPOB U CTATUCTUYECKUM aHAJIM30M PE3YJIbTaTOB SKCIIEPUMEHTOB.

Pe3ynbTaThl uccaeqoBaHUM OBLIU MPEICTABICHBI HA KOHPEPEHIUAX Pa3IUYHO-
ro ypoBHsA: EkerogHoil Hay4YHO-NPAKTUYECKOM KOH(MEpPEHIHH MPOPEccCOpCKo-
IIPENOAABATENLCKOTO cocTaBa u actupantoB @I'bOY BO Basunosckuil yHHBEpCH-
TET M0 UTOTaM HAay4YHO-HCCIIEIOBATEIbCKON, YUEOHO-METOAMYECKON U BOCTIUTATEIb-
HOM paboTsl (Capartos, 2001-2025); MexayHapoJHON HAyYHO-TPAKTUYECKON KOH-
depennnn «BapunoBckue ureHus» (Caparos, 2001-2024); HaydHOH KOH(DEPCHIIHH,
nocesiieHHo 100-netuto co aus poxknenus A.P. Kepbaka u 70-netuto o6pazona-
HUs Kadeapbl TeHEeTUKH B MOCKOBCKOM CETbCKOXO3SUCTBEHHOM akajeMHUd UMEHHU
K.A. TumupszeBa (Mocksa, 2002); Bropoii MexayHapoaHoi koHdepeniuu «Co-
BpPEMEHHBIE TTPOOJIEMbI T€HETUKH, OMOTEXHOJIOTUM U CEJICKIIUU pacTeHui» (XapbKoB,
2003); VIII, IX, X, IX MexayHnapoaHoi KoHpepeHInHn «bruosorus Ki1eTok B KylabTy-
pe in vitro u ouorexuomorun» (Caparos, 2003; 3senuropoa, 2008; Kazaus, 2013;
Mumnck, 2018); Beepoccuiickoit HayuHoi koHbepeHnn « CTpecCoBbIe OCIKU pacTe-
Huit» (Upxyrck, 2004); 9-oii MexaynapogHoit IlymuHckoi mikosie-KoHpepeHInu
MOJIOABIX yueHbIX «buonorus — Hayka XXI Beka» (Ilymuno, 2005); Beepoccuniickoit
KoH(pepeHIu «MOJIEKYJISIpHbIE MEXaHU3Mbl B3aUMOJICHCTBUS MUKPOOPTAaHU3MOB U
pacteHuit: pyHmaMmeHTanbHbIe W TpUKIaaHbe actekTel» (Capatos, 2005); VI, VIII,
IX, X Cnesnax obmecTBa pusnosoros pacrenuit Poccuu (CoikteiBkap, 2007; Ilerpo-
3aBojck, 2015; Kazans, 2019; Yda, 2023); III MexayHapoaHol IIKOJIE MOJOJBIX
YYeHBIX «OMOpuosorusi, TeHeTnKa u onorexuosorus» (Caparos, 2009); Beepoccuii-

CKOM MOJIOJIE’KHOUM BBICTaBKE-KOHKYpPCE MPUKIAIHBIX UCCIEI0BaHU, U300peTEeHUN U
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unHoBanui (Caparos, 2009); X MonoaexHoit HaydyHoil koH(pepeHuuu «buorexHo-
JIOTHSI B paCTEHUEBOJICTBE, ®KUBOTHOBOJICTBE U BeTepuHapum» (Mocksa, 2010); Bce-
poccuiickoit HaydHOM KoH(epeHuuu, nocBsieHHon 100-1eTrio co AHS POXKACHUS
C.C. XoxyoBa «ATIOMUKCHC U penpoaykTuBHas ouonorus» (Caparos, 2010); Mex-
nyHapoaHou koHpepeHnuu «buomorus — Hayka XXI Beka» (Mocksa, 2012); Mex-
JTYHAPOAHOW HAyYHO-TIPAKTUYECKON KOH(EepeHINH «BUOTEXHOJIOTUS: PEaIbHOCTh U
NEPCHEKTUBBI B celbckoM Xo3siicTBe» (kK 100-neturo CI'AY um. H.M. Basunosa)
(Caparos, 2013); VII, IX MockoBCcKHX MeXIyHapOJHBIX KOHrpeccax «bHOTEXHOI0-
TUs: COCTOSIHME U mepcneKTuBbl pa3Butus» (Mocksa, 2013, 2017); Bcepoccuiickoit
Hay4YHOW KOH(MEPEHIIMHU C MEXIAYHAPOIHBIM yuacTheM «/HHOBaIlMOHHBIE HaIpaBJe-
HUS COBpeMEHHOM pu3nonoruu pacteHuin» (Mocksa, 2013); MexayHapoaHoN Hay4-
HO-TIpaKTU4YeCKOil KoH(epeHlun «/IHHOBAaIIMOHHBIE TEXHOJIOTMU HCCIICIOBAHUN B
obnactu cenbckoro xo3sictBay (Kpacnomap, 2013); I'oguunbix cobpanusax OOiie-
ctBa ¢usunonoroB pactrenuit Poccun (Kamununrpan, 2014; Cauxr-IletepOypr, 2016;
Cynak, 2017; Upkytck, 2018; Mocksa, 2021; Huwknauit Hosropona, 2022); MexayHa-
POJIHON HAYYHO-TIPAaKTUUECKOW MHTEPHET-KOH(pepeHmn « MukpoOuogornyeckme ac-
MEKThl ONTUMH3ALKUKM MPOIYKIIMOHHOTO TMpollecca KyJIbTYpPHBIX pacTeHuit» (UepHu-
roB, 2015); MexnyHapoHoil koHpepeHnH «l eHeTnyeckast MHTErpanus MpoKaproT
U DYKapuoT: (QyHIaMEHTAIbHBIC WCCIEAOBAHUS M COBPEMEHHBIE arpOTEXHOJIOTHUNY,
nocBseHHoN 85-neturo denepanbHOro rocyAapCTBEHHOrO OOKETHOTO HAYYHOTO
yupexaeHus «BcepoCcCUUCKUI HAyYHO-UCCIEIOBATEIBLCKUA HMHCTUTYT CEIbCKOXO-
3siiicTBeHHON MuKpoOuonoruny (Cankt-lIletepOypr, 2015); XVI MexnyHnapoaHoit
Hay4YHO-TIpakTHYecKkoi koH(pepeHunn «COBpEMEHHBIC KOHIIEMIIUM HAyYHBIX HCCIe-
noBanui» (Mocksa, 2015); II Mexaynapoano HaydHoi kKoH(pepeHun «I eHeTuka u
ouorexnosoruss XXI Beka: mpoOsieMbl, JTOCTIKEHUS, NMepcrnekTuBbl (K S50-1eTuro
['HY «ucturyt reneruku u uuroinorun HAH Benapycn»)» (Munck, 2015); Mex-
JTyHAPOJAHOW HayYHO-TIPaKTUYECKON KoH(pepeHnn « buoTeXHOI0THH B KOMIUIEKCHOM
pa3Butun peruoHoB» (Mockpa, 2016); MexayHapoaHON Hay4YHO-TIPAKTUYECKOM
KoH(pepennnu «Pa3BruTHE HOBBIX TEXHOJIOTUH CENEKIIMHA M CO3JaHNE OTEUECTBEHHOTO

KOHKYpEeHTOocTocoOHoro cemeHHoro ¢ouaa kaprodens» (Mocksa, 2016); X, XI



15

MexayHapoIHbIX Hay4dHbIX KOH(pepeHIusax «MukpoOHbsie OnoTexHosioruu: GyHaa-
MEHTAJIbHBIC U MpUKIaAHbIe actiekTe» (Munck, 2017, 2018); V, VIII, IX MexnyHa-
POJIHBIX HAay4YHO-TIPAaKTUYECKUX KOH(pepeHusx «buorexHomorus: Hayka U NpaKTH-
ka» (Snra, 2017, 2020, 2021); Beepoccuiickoil HayqHO-ITPaKTHUECKON KOH(pEpEeHIINN
C MEXJYHAPOJIHBIM Yy4acTHEM «AKTyallbHble TIpo0iemMbl kKapTodeneBoacTBa: GyHaa-
MEHTaJbHble U TpukiIaanbie acnekTb» (Tomck, 2018); MexayHapoaHbIX HAyYHBIX
koH(pepeHnuax «PacTeHUs W MHKPOOPTaHU3MBI: OHMOTEXHOJOTHUS OymyIIEro
(PLAMIC)» (Yda, 2018; Capatos, 2020; Cankt-IlerepOypr, 2022); XIV MexayHa-
POHOM HAay4YHO-TIPAKTUUYECKOU KOoH(pepeHuu «buoiornyeckn akTUBHbBIE MpemapaThl
JUIsl pacTeHueBoAcTBa. HayuHoe 000CHOBaHME — PEKOMEHIalluU — MPAKTUYECKUE pe-
3ynbTaThl»y (Munck, 2018); IV, V Bceepoccuiickux koHdepenuusax «DyHaameHTa b-
Hasg riukoouonorus» (Kupos, 2018; I'atunna, 2021); MexayHapoaHOM KOHTpecce
«VII cpe3n BaBuiaoBckoro oOmiecTBa T€HETUKOB M CEICKIIMOHEPOB, IMOCBSIIICHHBIH
100-netuto kadeapw renetuxu CIIOI'Y, u accoruupoBanabie cuMIo3uyMb (CaHKT-
[TerepOypr, 2019); Il MexnayHapoiHON Hay4dHO-ipakTHUeckoi KoHpepenuun «Co-
BPEMEHHBIE TOJXO0JIbI U METOJbI B 3amuTe pactenuit» (ExarepunOypr, 2020); VII
Bceepoccuiickoli koHGEpeHIMH C MEXKIyHAapOJIHbIM ydyacTueMm «Ikobuorex 2021»
(Vda, 2021); 3-em Poccuiickom mukpobuonornueckom konrpecce (IIckos, 2021);
Bropoii MexnyHapogHoil HaydHO-TIpaKTU4YeCKON KoH(epeHumu «l eHoMuka u co-
BPEMEHHbIE OMOTEXHOJOTUU B PA3MHOKEHHUH, CEJICKIIMM U COXPAHEHUH PACTCHUI
(SnTa, 2021); IV HammonansHON Hay49HO-TIPAKTUYECKONW KOH(EPEHIINH, TTOCBSIIICH-
Hou 150-netuto co nua poxnaenus [.K. Meiictepa « ITHHOBAaIIMOHHBIE TEXHOJOTUU
CO3JaHMsl ¥ BO3JEJIBIBAHUS CEIbCKOXO03MCTBEHHbIX pacTteHuit» (Capartos, 2023); VI
Bcepoccuiickoit HaydHOU KOH(PEPEHIIMH C MEXKIYHAPOJIHBIM ydacTheM «YCTONYH-
BOCTh PaCTEHUN W MUKPOOPTraHW3MOB K HeOnaronpusitHeiM (aktopam cpeasd» (Hp-
KyTck, bonbimoe 'omoyctHoe, 2023); VII MexaynapoaHoii HayuyHOH KOH(pEpEeHUUH
«l'enetuka, TeHOMHKa, OwouHpopMaThka ©  OWOTEXHOJOTHUS  PACTCHUI
(PLANTGEN 2023) (Kazans, 2023).

Padora BbinosiHena ¢ 2001 no 2024 rr. Ha kadenpe «PacrenneBonctso, ce-

nekuus u reietukay OI'bOY BO BaBunosckuii yaHusepcutet. McciaenoBanus npo-
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BOJMJIMCh B paMKax MPUOPUTETHOro HayyHoro Hampasiienuss ®I'bOY BO Basunos-
ckuil yHuBepcuTeT «PecypcocOeperaroiiee 3KOIOTUYECKH O€30MacHOe 3eMIIeIeTHe)
(peructpannonnbii HoMep 01201151791), nmo mporpamme «IIpoBenenue uccienoBa-
HUM 10 pa3pabOTKE OpPraHU3ALMOHHO-TEXHOJIOTMYECKOTO IPOEKTa BBhIPALIMBAHUS
BBICOKOKAQYECTBEHHBIX CEMSH OTEUECTBEHHBIX COPTOB Kaprodens» MuHucTepcTa
ceNbcKOTo x03s1icTBa CapaToBCKO# 00JaCTH U accolauu «ArpapHoe oOpa3zoBaHue
u Haykay» (moroBop Ne 13 ot 14 centsops 2016 r.), B paMKax JTOTOBOPOB O TBOpUE-
CKOM coTpyaHu4ecTBe ¢ MHCTUTYTOM OMOXUMHH U (PU3HOJIOTHH PACTEHUN U MHUKPO-
opranu3MoB Poccuiickoii akanemun Hayk (r. CapartoB, Poccus) mo teme «3aKoHO-
MepHOCTH (OpMHUpOBaHUS U (PYHKIIMOHUPOBAHUS aCCOLMALMN PACTEHUIl C MUKpPO-
CUMOMOHTAMH B MOJIEJIbHBIX W MPUPOJIHBIX CUMOMOTHYECKUX cucteMax» (2013, 2015
IT.) U TP YaCTUYHOU (PMHAHCOBOM MOJAEPKKE IpaHTOB: MUHHUCTEpCTBA 00pa3oBa-
Hus u Hayku Poccuiickoit ®eneparuu (mpoekt Nel4.579.21.0012 ot 05 utons 2014
r., ID RFMEFI57914X0012; PO®U Ne 16-34-00720 «M3yueHune 3aKkOHOMEPHOCTEH
(YHKIIMOHMPOBAHUS ACCOLMAINI PACTCHHI ¢ MUKPOCUMOMOHTAMH B MOACIBHBIX (IN
VItro) u mpupoaHbIX (X VILro u Iin VivO) CHMOMOTHYECKMX CHCTEMaXx C IEIbI0 Pa3BH-
TSI DKOJIOTUYECKU YUCTBIX arpodnorexHonoruiny; PODU Ne 19-016-00116/21 «Co-
3JJaHU€ BBICOKOIPOJYKTUBHBIX PACTUTEIBHO-MHUKPOOHBIX COOOIIECTB MPU KOMHOKY-
asimun kaptodens puzocepubiMu Oaktepusammy; PHO No 22-26-00087 «Pacturens-
HO-MHUKPOOHBIE aCCOLMALIMM B CHCTEME CEMEHOBOJICTBA O3JI0POBJIEHHOTO MOCAI04-
HOT'O MaTepHaJla B yCIOBUSX a3POIIOHUKI.

[y0ankanuu mo pe3yjabTaTam HCCIeT0BAHUS

ITo Teme aucceprauuu onyoIuKoBaHo 96 pabot, B TOM yucie 8 crareil B pe-
HeH3upyeMbIX HaydHbIX u3fgaHusx BAK Munobpuayku P®, 9 crateil B xypHanax,
MHJEKCUPYEMBIX B MEXAYHApPOIHbIX 0a3ax qaHHbeIx WOS, Scopus u 1 maTeHT.

JIMYHBIN BKJIAJ aBTOPA

ABTOpPOM JINYHO MPOBEJEHBI BCE 3TAIbl UCCIEIOBAHMS: U3yUYECHHE JIUTEPATyp-
HBIX MCTOYHHUKOB, IJIJAHUPOBAHHE SKCIEPUMEHTOB, CTaTUCTHYecKass oOpaboTka H

daHaJIn3 IIOJYYCHHBIX PE3YyJIbTATOB, IMOJATIOTOBKA TCKCTA AUCCECPTAIINHU, HY6HI/IKaHI/IH
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pe3yibTaTOB B HAYYHBIX KypHajaX M amnpoOanus Ha KOH(PEPEHIHSX Pa3InyHOro
YPOBHSI.

Crtpykrypa 1 00beM JuccepTannu

JluccepTaiysi COCTOMT U3 BBEACHHUA, 5 TiaB: 0030pa JIUTEpaTypbl, COOCTBEH-
HBIE UCCIIENOBAHNUSI, BKIIFOUAIOLIECH MAaTEPUAIIBI U METO/IbI UCCIEA0BAHUMN, PE3YIBTATHI
MCCJIEIOBAHUM U UX OOCYXKIEHUE, a TAKXKE 3aKII0YEHUs, BBIBOJIOB, CIIUCKA COKpallle-
HUW ¥ YCIOBHBIX 0003HAYCHUH, CIIUCKAa TEPMUHOB M CIIHCKA JUTEPATYpPhl. TEKCT m3-
noxeH Ha 305 crpanunax, coxepxamux 60 tadbmui u 45 pucynkoB. CHUCOK JIUTepa-

TYpBI BKJItO4aeT 656 HCTOYHHUKOB, B TOM yucie 549 MHOCTpaHHBIX.
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I'nmaBa 1 O030p JuTepaTypsbl)

1.1 IIpumMeHeHne MeTOAA KYJbTYPhl COMATHYECKHX TKAHEH iN Vitro
B arpo0MOTEXHOJIOTHH PACTeHMIt

MeTtoa KyabTypbl COMaTHYECKUX KJICTOK U TKaHEH pacTeHui In VItro sieisercs
0a30BOI COCTaBJIAIONICH COBPEMEHHBIX arpoOMOTEXHOJIOTHH, B TOM YHCIIC CEICKIINU
U ceMeHOBOJICTBa pacTenuit [263, 305, 502]. Knaccuueckas MoHOTpadust IO KyJbTY-
pe TkaHel, HanucanHas ['otpe B 1959 roay, Bkirovana 142 Buaa BhICHIMX PacTEHUN
[12]. K HacTosmiemy BpeMeHH 10 pa3HbIM ornieHkaM okoiio 1000 BuoB pactenuii Mo-
T'YT KyJIbTHBHPOBATHCA IN Vitro, u3 Hux 6osiee 100 BHIOB BEreTaTMBHO pa3MHOXKae-
MBIX KyJbTYp HaXOASTCS B KOMMEPUECKOM IPOU3BOJCTBE, CPEIU HUX CEJIbCKOXO35ii-
CTBEHHBIE, IEKOPATUBHBIC, TNIOI0BO-SITOIHBIE, IPEBECHBIC U JPYTHUe BUABI PACTCHHUIA,
B TOM YHCJIC MATKas MIICHUIA U KapTO(eb.

Meron KylIbTypbl COMaTUYECKUX KICTOK U TKAHEeW pacTeHui IN VItro pasuics
B IIEJIBIN PsiI METOUYECKUX MPUEMOB, HAMTPABJICHHBIX HAa U3ydeHHE (yHIaMEHTAIb-
HBIX MPOIIECCOB pa3BUTHUs pacTeHuit [6, 294], dyHkumroHupoBanus reHoB [347] smu-
IeHeTUYCCKUX M3MeHeHui [156, 322, 329], usmeHeHun B skcrpeccuu reHoB [377] u
¢ynknronupoannu Manbix PHK [612], a Takke MpakTHUECKUX TEXHOJIOTHIA TPOH3-
BOJICTBA BTOPUYHBIX MeTabonmuToB [263], mukpopasmuoxenus [130, 395] u cenek-
1y pactenuii [314], B Tom gnciie Ha ocHOBe KietouHoi cenekmuu [10, 30], ramion-
nun [237] v co3maHusl TPAHCTEHHBIX PACTEHUH CO CHEHU(PHUESCKUMHU MPOMBIILICH-
HBIMU M arpoHomuueckumu npusHakamu [418]. CoBpeMeHHass arpoOMOTEXHOIOTHS
aKTUBHO HCIIOJIb3YET METObI IMMUHAIIMU BUPYCOB ISl O3I0OPOBJICHUS TTOCAI0YHO-
ro marepuana [491, 632], KIOHHPOBAHUS BErCTATUBHO PAa3MHOXKEHHBIX CEIIBCKOXO-
3IMCTBEHHBIX KyIbTyp [518] u cnaceHust HaXOIAMMXCS MO YTPO30H UCUE3HOBEHUS
KyJbTYPHBIX M JUKOpacTymux BuioB pactenuit [69, 210]. KynbTypsl KauTyCHBIX
TKaHel IN VItro mmpoko MCHOJb3YIOT JJISl TIPOU3BOJICTBA BTOPUYHBIX META0OJUTOB,
NPECTABISAIONIMX KoMMepuyeckuii natepec [418]. Pactenus, momydeHHbIE ¢ TIOMO-
HIbIO KyJIBTYPbl COMaTHYECKUX TKaHEH, ObLIN MCIOJIb30BaHbl B TEHETUYECKUX HCCIIe-

JAOBAHMAX I KaPTUPOBAHUSA IOMMYJIALMKM MCTOJOM aHalln3a QTLS, CBJ3aHHBIX C ar-
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POHOMHMYECKUMH TpHU3HaKaMu [622] u B HCCICIOBAHHUAX MOOWIBHBIX 3JICMCHTOB
[553]. Jlonroe BpeMst METObI KYJIBTUBUPOBaHUS IN VIr0 paccMaTpuUBaIiCh HCKITIO-
YUTETFHO KaK CIOCO0 TMOJIyd4eHHUs PACTCHH, KOTOpPbIE HICHTUYHBI PACTCHHUSM-
noHopam [433]. OHu TakkKe HCIIOJIb30BAITHCH IS ITOJTyYEHUS TEHETHUECKU OJTHOPO/I-
HOr0 MaTepualia, HalpuMep, B CEICKIIMOHHBIX Heisix [645]. OnHako npyrue ucce-
noanus [320, 398] nmoka3zaiu, 4TO KyJabTyphl TKaHel IN VItFO CKJIOHHBI K MyTaIlHsIM
[378] m Obutm omucanbl MHOTHE (EHOTUIMYECKUE W3MEHECHUS Y pacTCHHM-
perenepanToB [26, 653], 4To cTag0 OCHOBOH KJIETOYHOMN CENEKIHH JIS IOTYYCHHS
pPacTEeHUM C yCTOMUYHUBOCTBIO K 00JIE3HSIM (HarpuMep, puc, MIeHuIa, si0Jioko, ToMar),
K a0MOTHYECKOMY CTpecCy (HampHuMep, TOJIEPAHTHOCTh K ATIOMUHHUIO Y MOPKOBH, TO-
JIEPAHTHOCTH K COJIM y Tabaka U KyKypy3bl, YCTOMYMBOCTH K BHICOKUM TEMIIEpaTypam
y KapTodesns), Kk repounmaaM (Harmpumep, Tadak, yCTOWYUBBIA K CyJIb(QOHHIMOYE-

BUHE) U TOJIy4YCHHUS PACTCHUH C YIIyUIIIeHHbIM KadecTBoM cemstH [30, 160, 385].

1.2 MopdgoreHne3s B KyJIbType KJIETOK U TKaHel pacTeHmii in vitro

Bce OMOTEeXHOIOTHH HA OCHOBE KYJIBTYPHI KJIETOK M TKaHe# IN VItro ocHOBaHbI
Ha YHUKAQJIBHOM CBOWMCTBE PACTHUTENBHBIX KIETOK — TOTUIMOTEHTHOCTUHU, OTKPBITOU
eire B Hayasie mponutoro Beka . Xabepnanaom [12]. Mopdorenes B KyabType Kie-
TOK M TKaHEH pacTeHuil IN VItro — COBOKYITHOCTh MPOLIECCOB AeTUPPEPSHIIMPOBKU U
U pepeHIUpPOBKH KIETOK 3KCIUIAHTA, MPUBOASAIIMX K (POPMUPOBAHUIO TKaHEH, op-
raHOB M B KOHEYHOM HTOre K pereHepanuu pacteHuil. C cepeauHbl IpOILUIOro Beka
HayajoCch AaKTUBHOE H3y4YeHHE NyTell KIeTOUuHOH audQpepeHIUpOBKU U CIIOCOOOB
yrpasieHuss MopgporeHesom [12, 13, 14]. B TedeHue MOCICTHUX HECKOJIbKHUX JIECS-
TUJICTUNA TEHETHKH M MOJIEKYJISpHbIE OHOJIOTH 3aMHTEPECOBAIUCH MOp(doreHesoMm
pacTeHHid, ¥ TPOBOAUTCS OOIIMpHAs padoTa MO MOHUMAHUIO PETYISIIIUI YKCIIPECCHU
IeHOB BO BpeMs Mop(oreHesa U TOro, Kak MPOJIYKThl T€HETHYECKON HH(opmanuu
KOHTPOJUPYIOT mporiece pa3sutus [29, 64, 65, 444].

OcHoBHble Tpouecchl auddepeHMpoBKUA B Ipoliecce MopdoreHesa, MpuBo-
nsamme K pereHepanuu pacrenuid [12, 13, 14]: opranorenes (moderoodpasoBaHue)

yepe3 (GOpMHUPOBAHHE MEPUCTEM MOOETOB U KOPHEH, U COMAaTUYECKU dIMOpUOTeHe3
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(36puonmgorenes) [65]. Muunmanus mo6eroB u 3MOPHOMIOB BO3MOXKHBI KaK HaIpsi-
MYI0 U3 TKaHEH SKCIUIaHTa, TaK U OMOCPEIOBAHHO, Yepe3 (GOpMUPOBAHUE KaJlTyca.
N3yyeHue 3THX MpOLECCOB MPEACTABISIET HE TOJBKO aKaJeMHUYEeCKU UHTEepec, HO U
3HAYUTENbHYIO MPAKTUYECKYIO 3HAYUMOCTD JJIs1 Pa3BUTHS SKOHOMHUYECKU OIpaBAaH-
HBIX TIPOLIEYp KJIOHAIHHOTO MUKPOPA3MHOXKEHHUS PAaCTeHUI B CEMEHOBOJICTBE U Te-
HETUYECKOTO COBEPIICHCTBOBAHUS PACTEHUA B CEJEKIMH CEIbCKOXO35HCTBEHHBIX
KyJIbTyp. MaccoBoe MpOU3BOACTBO I'€HETHUYECKH MACHTUYHBIX PACTCHUN IyTEM pe-
reHepaly U3 BEreTaTUBHBIX TKAHEW IMyTEM OpraHoreHe3a MPeACTaBIseT 3HAUUTEIb-
HBII MHTEpPEC B CEMEHOBOJICTBE JUII YCKOPEHHOTO Pa3MHOMKEHHUS U O30POBJICHHUS
M0CaJ0OYHOT0 MaTepuana. Perenepamnus u3 coMaTMUeCKUX KaJUTyCHBIX TKaHEH ¢ Io-
MOILbI0 OpraHOTe€HEe3a U 3MOpHOreHe3a MPeNCTaBIsIeT 0COOBIH MHTEpEC JUIsl CEJeK-
U1 PACTCHUM.

Hecmotpst Ha TO, 4TO, MPEANONOKUTENBHO, BCE KIETKH pacTeHUH o0ianaroT
TOTUIIOTEHTHOCTBIO, peanu3alusi MOPPOTreHETUUECKUX IMPOLIECCOB, MPUBOASAIIUX K
pere’epanuy pacTeHui HaOMogaeTcs Janeko He Bceraa. DPQPEeKTUBHOCTh KyJIbTHBU-
pOBaHUS KJIETOK U TKaHEW pacTEeHUIl 3aBUCHUT OT LIEJIOro psja (HakTOpPOB: T€HOTHUIIA
JIOHOPHBIX PACTCHUH, THIA DKCIUIAHTA, YCIOBHU KyJILTUBUpOBaHU IN Vitro. Tpaau-
IIMOHHO JJIsl yMpaBieHHUs] MOP(POTEHETHUECKUMHU MPOIECCaMi OCHOBHOE BHHUMAaHUWE
yISISIIOCh QU3UYECKUM U XUMUYECKUM (haKTopaM KyJIbTHBHpOBaHus [12].

W3BecTHO, YTO y TMOKPHITOCEMEHHBIX PacTeHUi (TMOHOBBIC, IIUTPYCOBBIC, Y-
KOBbBI€, 3JIaKOBBIE U JIp.) B YCIOBHSIX, KOT/Ia MTOJIOBOE BOCIIPOU3BOICTBO HEBO3MOXKHO,
CEMEHHOE pa3MHOKEHHUE 3ameHsieTcs BeretatuBHbIM [93]. KynbTuBHpOBaHUE KIETOK
¥ TKaHEH B YCIOBHSIX IN VItr0 paaukaibHO OTJIMYAETCS OT MOJIOKEHUS KJIETOK B WH-
TaKTHOM pacteHuu (in Situ) u sBasieTcs ctpeccoBbiM [292]. Peakiis Ha cTpeccoBbIe
YCIIOBUS 3aBUCHUT OT JIBYX OCHOBHBIX MapaMeTpOB: YPOBHS cTpecca U (Qpu3nuoornye-
CKOTO COCTOSIHUS KJIeTOK. Eciii ypoBeHb cTpecca MpeBBIIaeT KJIETOUYHYIO TOJIEpaHT-
HOCTb, KJIeTKU norubatot. Hampotus, Gosiee HU3KME YPOBHH CTpEcCca YCUIMBAIOT Me-
Ta0OJIN3M M MHAYIUPYIOT MeXaHu3MbI afanrtaiuu [411]. YcnoBus KyJIbTHBUPOBAHMSI
TKaHe# I Vitro moaBepraoT HKCIUIAHTHI 3HAYUTEIILHBIM CTPECcCaM, TaK KaK OHU yJia-

JIAOTCA N3 Opr}KaIOHICﬁ Cp€abl U MOMCIIAIOTCA Ha CHMHTCTUYUCCKUC CPCAbI, COACP-
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XKale HeU3NOJIOTHISCKUE KOHIIEHTPAIUN PEryJISITOPOB POCTA, COJICH U OpraHude-
CKUX KOMITOHEHTOB. CTpecChl HE TOJIBKO CIOCOOCTBYIOT AeauddepeHIInpoBKe, HO U
MOTYT OBITh MCIOJIB30BaHBI ISl MHAYIIUPOBAHUS OOpa30BaHUS COMATHYECKUX M-
opuonos [292].

Muxkpopa3MHOKeHHE (MUKPOKJIOHATBLHOE Pa3MHOXKEHHE, KIOHATbHOE MHUKPO-
pPa3MHOXKEHHE) B OTJIMYMH OT COMATHUYECKOTO SMOPHOHUIOTCHE3a U OpPraHOTeHe3a B
OOJBIIMHCTBE CITyYaeB HE MpeIycMaTpHUBaET dTamna aeauddepeHnuaniu KIeTokK, Tak
KaK IJ1aBHOM LIEJBI0 METO/Ia SIBJISIETCS COXPAHEHHE TeHETHYECKON MICHTUYHOCTH HC-
XOJIHBIX JOHOPHBIX pacTeHUH. VICKITtoueHne COCTaBIIIOT, HAPUMEp, 3JIaKH, IS KO-
TOPBIX KJIOHHPOBAHUE PACTEHUH BO3MOXKHO TOJHKO Yepe3 (hOPMUPOBAHHUE KAJLTyCHOM
KyJIbTyphl. TeM He MeHee, pa3MHOXKEHUE MCXOJHOTO IKCIUIaHTa B MPOOHpPKE Ha OC-
HOBE CYIIICCTBYIOIIUX WJIM aBEHTUBHBIX MEPUCTEM TaKKe SIBISIETCS MOP(HOTEHE30M,
TaK KaK BKJIIOYAaeT M3MEHEHHE MOP(OJIOTUH Pa3MHOXKAEMOTO MaTepuaia eie B mpo-
oupke, popMUpOBaHUE HOBBIX TKAHEW U OPTaHOB U, B ONIPE/ICIICHHOMN CTeTeHH, 3aTpa-
I'MBaCT aJaNTalMIoO B IIEPUOJI TIEpeHoca oT IN Vitro x In vivo (atan ex vitro) [498].

Ceiliyac TeXHOJIOTHH MUKPOKJIOHAJILHOTO pa3MHOXeHHS IN VItro Ha 1abopartop-
HOM ypOBHE pa3paboranbl 6osee yem aiia 2400 BunoB pacteHuil. OgHako koMMepye-
CKHX J1Ta0OpaTOpHi, UCIIOIB3YIONIUX 3TH MPUEMBI, OTHOCUTEIHFHO HEMHOTO. JTO 00h-
SICHSIETCS OTYACTH TEM, UYTO HE BCE pa3pabOTaHHBIC B CYyry0o0 JJabOpaTOPHBIX YCIOBH-
X METOJUKH TPUMEHHMBI HEMOCPEICTBEHHO B TIPon3BoaACcTBe. YacTto TpedyeTcs pe-
IIICHUE OTICIBHBIX Y3JIOBBIX MOMEHTOB JJII KOHKPETHBIX BUIOB pacTeHuid. Hemao-

BaYKHBIM SIBJIICTCS M BOITPOC dKOHOMHUYECcKOM a3 dekTrBHOCTH MeToa [60].

1.3 Xumuueckue pakTopbl peryassuuu Mopgoretesa B KyJbType KJIETOK
U TKaHel pacTeHuii in vitro
Jljis ycrienmHoro npoTekaHus MOp(pOreHeTHYECKUX MPOLIECCOB U PereHepaluu
pacTeHU COMAaTUUYECKHE KJIETKU JODKHBI 00J1a1aTh OMPEACICHHBIM YPOBHEM «KOM-
neTeHTHOCTH». [{71s aToro nuddepeHirpoBaHHble COMAaTUYECKHUE TKAHU JTOJKHBI W3-
HAYaJIbHO COJICpXKaTh MEPHUCTEMATHYCCKH aKTUBHBIC KiIeTkH [459] mnm mpuobpecTn

CIOCOOHOCTH K JICJICHUIO U Tocleaytolei cmene nuddepennuaiuu yepes aeaudde-
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pEeHIMANHI0. DTO BaXHOE YCIOBHUE JIOJDKHO COOIIOATHCS M B Clydae MPSMOK pere-
HEpaluy U3 TKaHEW 3KCIUIaHTa, U B CIy4yae MpeAlecTBYOmeEero (opMUpoOBaHUus Kaj-
ayca [292].

Bompoc o MmopdoreneTnueckoil KOMIIETEHTHOCTH M CBSI3aHHBIE C 3TUM BOIIPO-
Chl pernporpaMMmupoBaHusi u auddepenunaruu/aeauddepeHyanii HHAUITHATBHBIX
KJICTOK 3KCIUIAHTOB IN VIVO, Tal0IIUX Hadalo Kaurycy in Vitro, mo-mpekHeMy ocTaeT-
cs auckyccrnoHHbM [102]. [Ins peamuzanun MOp(OTreHETHISCKUX TPOIECCOB HEOO-
XOAUMO COYETaHHE SHIOTCHHBIX M SK30reHHBIX (hakTopoB [46, 190, 291, 298, 337,
394, 580]. C oxgHO# CTOPOHBI, B TKAHIX KCIUIAHTA JOJDKHBI IIPUCYTCTBOBATH KOMIIE-
TEHTHBIE KJIETKH, CITIOCOOHBIC BOCIPHHUMATh WHIYIUPYIOMNNA CUTHAN («HHHUITHATh-
HbIE KJIETKH KaJUTyCOB», «CTBOJIOBBIE KIJIETKH»), C JPYTOH CTOPOHBI, HEOOXOIUMBI
crenuduIeckre HHAUIUpYomre curaaist [102].

["'opMoOHBI SBISIOTCS HanOOJIee BEPOSTHBIMU M YaCTO MCIOJIb3YEMBIMU PETyJisi-
TOpaMH TEPEKITIOYEHUST COCTOSIHUS qudPepeHnnanuu KiIeTok. AyKCUHBI U IIUTOKU-
HUHBI SBJISIOTCS OCHOBHBIMH PETYJIATOPAMH POCTa PACTCHHHA, yUYaCTBYIOIIUMH B pe-
ryasiuu eneHuss u auddepeHImpoBKy KieTok. g onpeaenenust cyabObl KIETKH
BO BpeMs OpPTaHOTeHE3a BaXKHBI KaK KOHIICHTPAIIMS, TaK U COOTHOIIICHUE IK30TEHHBIX
ropmonos [139, 188].

BrnusHre »K30reHHO TPUMEHSEMBIX AayKCHHOB, TMPEUMYIIECTBEHHO 2,4-
TUXJIOP(PEHOKCUYKCYCHOM KUCIOTHI (2,4-]1), Ha MHAYKIUIO COMAaTUYECKOTO IMOpHUO-
reHesa He BbI3biBaeT coMHeHus [236, 650]. OnHako U3BECTHO, YTO SMOPHOHUIBI MOTYT
pa3BUBATLCS B COMATHUYECKUX TKAHSIX B OTCYTCTBHH PEryJSATOpoB pocrta [527], a
TaK)Ke B MPUCYTCTBUHU JPYTHX PETYISITOPOB POCTA, TAKUX KaK MUTOKUHUH [214] mim
a0ciu3oBast kuciora [565]. HeropmoHasibHbIe WHIYKTOPHI TaKKe MOTYT OBITH HC-
MOJIb30BaHBI JIJISl TIEpEX0Jia COMAaTUIECKUX KIETOK K (hOPMUPOBAHHIO MEpUCTEMATH-
YECKUX 0YaroB WK 3MOpHUONAOB. TakKMMH MHIYKTOpPAMH MOTYT BBICTYNAaTh KOHIICH-
TpaLus caxapo3bl MM OCMOTHYeCKUi cTpece [355], noHbI TshkeabIx MeTaiioB [354,
603] u Beicokas Temmeparypa [571]. Yale Bcero B 3ToM cilydae COMaTHYECKUE M-
Opuoubl (HOPMHUPOBAIKUCH HEMOCPEACTBEHHO HA MOBEPXHOCTH SKCILIAHTOB 0€3 Cy-

MICCTBCHHOTI'O KaJIJIy0006p8,30BaHI/I}I.
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He cymecTByer yHMBEpCaIbHOIO MHAYKTOPA, KOTOPBIM MOT Obl BBI3BIBATh I'a-
pPaHTUPOBAHHBIN CIIENU(UYSCKUN OTBET y BCEX T'€HOTHIIOB PACTEHHUI M TapaHTHPO-
BaTh IOJyYe€HUE TOM WM MHOW Mop(doreHernueckon peakuuu. [lostomy OnoTexHo-
JOTUSl TMOMy4YeHHsT (DEePTHIIBHBIX pPAaCTEHUI-PETeHEPAaHTOB y MHOTHUX BHJIOB, B TOM
YHCIIe Y MIICHUIBI, TyTeM dMOPHOHUIOTeHEe3a B KaJUTyCHOU KyJbType in Vitro paspa-
0oTaHa HeqOCTaTouHO [56]. OmHAKO YPOBHH SHIOTEHHBIX TOPMOHOB MOTYT paccMart-
pUBAThCSl B Ka4eCTBE OCHOBHBIX (PAKTOPOB, ONMPEACITSAIONUX CHEHH(PHUUHOCTD KJie-
TOYHBIX PEAKIIUA.

Kpome Benyiiero BIMSHHUS 3K30T€HHBIX AayKCHHOB JUJISi YCTOMYMBOTO POCTa
TKaHel B KyJbTypax iNn VItro pacTuTenbHbIe KIETKA MOTYT MPOU3BOIAUTEH 3HAUUTEIb-
HO€ KOJIMYECTBO HHJIOT€HHOT0 ayKCHHA UHJ0JMI-3-yKkcycHor kucioTsl (MYK). beuio
MOKa3aHo, 4yTo 0oJiee BbICOKas KoHIeHTparus sHaorenHon MYK crnocobcTByeT mo-
BBIILIEHHOMY 3MOpPHUOTE€HHBIMY OTBETY Y Pa3jM4YHBIX BUJOB PACTEHUN U IKCILJIAHTOB
[31, 266, 284, 437]. B kieTkax MOPKOBH 3K30reHHas 2,4-J1 cTUMy/IMpoBaia HaKoII-
nenue O0onpioro koimdecta suAorenHon MYK [436, 528]. Otu aBTOpHI BHIIBUHYIH
TUIIOTE3Y O TOM, YTO HIMOPUOTE€HHasi KOMIIETEHTHOCTh KJIETOK MOPKOBH TE€CHO CBsI3a-
Ha C MHOTOKPATHBIM YBEJIMYEHUEM YpOBHs sHAoreHHOM MVYK m3-3a mpucyrcrBus
2,4-]1. B xynbType He3pesbIX 3UTOTUYECKUX 3apOAbIIICH MOICOTHEYHHKA TTOKa3aHo,
YTO NMPOCTOE U3MEHEHUE KOHLIEHTPALUK Caxapo3bl MOXKET MPUBOAUTH K (OpMUPOBa-
HUIO COMAaTHUYECKUX AMOpHOMIOB uiu kamtyca. [Ipu 3TtoM B GopMupyrommxcs sm-
Opuoungax ypoBeHb cojepkanus sHaorenHoit MYK 0w B 4 pasa Bellle, yeM B Kaj-
aycax. beiio oOHapyKeHO, YTO MOJSPHBIA TPAHCIIOPT IHIAOTCHHOTO ayKCHUHA SIBISIET-
Csl BAXKHBIM (pakTopoM (POpMHUPOBAHUSI COMATUUECKUX IMOPHOUIOB HA CEMSIIOIbHBIX
AKCIUIAHTAX KEHbBILEHS, KOTOpble HE TpeOOBaIU MPUMEHEHHS SK30IM€HHBIX PETYJISATO-
poB pocta [227]. TTo nanubiM Fischer ¢ coaBropamu [356] onpenessitomiee BiIMsHUC
Ha U PepeHIPOBKY dMOPHUOHATBHON OCH M IUTKA OKA3bIBAET MOJSAPHBIN TpaHC-
NOPT ayKCHHA.

WMHI0IAITyKCYCHYIO KHCIIOTY B COCTAaBE MUTATEIBHON CpPEAbl YaCTO 3aMEHSIOT
Ha OoJyiee aKTUBHBIE CHHTETHUYECKUE aHAJIOTU: 2,4-TUXIOPPEHOKCUYKCYCHYIO KHCIIO-

Ty, mUKIopaM, aukamopa [444, 253, 257] u apyrue. Cpeau pa3iIndHBIX aHAJIOTOB
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ayKCHHA, UCIOJIb3yeMbIX NJIsi MHIYLHPOBaHUS Mop(doreHe3a B COMAaTUUECKHX TKa-
HiX, 2,4-]] Ha CeTOAHAIIHUI JCHB sABIsACTCAS Hanbonee d3PHEKTUBHBIM. ITOT CHHTE-
TUYECKUN aHaJor ayKCUHOB HCHOJB3YeTCs B OOJBIIMHCTBE CHUCTEM KyJIbTHBUPOBA-
HUS KJIETOK W TKaHew in Vitro. IpeanonoxurenbHo, 2,4-/1, MpeBbIMAIONIAA Opee-
JICHHYIO KOHIIEHTPAIIMIO, OKA3bIBAET IBOMHOE JIEUCTBUE B ATUX KYJbTypaX, KaK ayk-
CUH (HEMOCPEACTBEHHO WM uepe3 dHJoreHHb Metabonu3m MYK) u kak crpeccop
[235, 352]. s 3makoB gare BCero UCHOIB3YIOT KOoHIeHTparwuio 2.4-J1 ot 0,5 10 5
MT/J1, HO JUIsl APYTUX PAcTeHUH, HApUMep, JAJi MalbMbl MACITUYHON MOXKET OBITh UC-
I0JIb30BaHa M OoJiee BhICOKass KoHIeHTparus qo 150-200 mr/n [327]. Beuto Taxke
MIOKa3aHO, YTO AYKCHMHOBBIA TEpOHWIIM] BIHMSICT HA CHHTE3 ATHICHA W aOCIM30BOM
kucinoTsl (ABK), moBsimas ux comeprkanue B kietkax [313, 642]. Bricokoe ocraTou-
HOE cojepkanue 2.4-J1 B KaJUTyCHBIX TKaHSAX Ha 3Tane MHAYKIUA COMAaTHYECKUX M-
OpuounnoB BeneT K HakorieHuto ABK u stunena u uHruOUpoBaHUIO Mpolecca coMa-
THUYECKOTo sMOpuounorenesa [510].

N3meHeHue ypoBHSI 3K30T€HHBIX (DUTOTOPMOHOB, B mepByro ouepenb UYK,
MPUBOIUT K U3MEHEHHUIO dKcrpeccuu reHoB. Ha mpororutactax tTabaka ObLIO TTOKa3a-
HO, 4TO B TeueHue 20 MHUH Tociie TPUMEHEHHUS ayKCHHA Ha0JI01amach CBEPXIKCIIpeC-
cust reHoB parA, parB u parC, konupyromux S-TpaHncdepa3-rayTaTHOHbI PACTEHHM.
JlanHbie OeKM OTBEYAIOT 3a TPAHCMEMOPAHHBIN TPAHCIOPT U 3AMIUTY OT OKUCIH-
TEJIBHOTO cTpecca. Takxke ObLIO TTOKAa3aHO, OHU MOTYT CBSI3BIBATh M, BEPOSTHO, TIEepe-
HOCHUTh U XpaHuTh npupoansiii aykcud (MYK) [425]. TTocne Toro, Kak mpoTOIIACTHI
Ta0aka HauYMHAIU JIeTUThCs (K 48 4 KyJIbTUBUPOBAHUS), SKCIIPECCUS TEHOB IMpeKpa-
manack [584]. AHaornuHo, reH parA 3KCIpecCHPOBAJICS B TUHIOKOTHIIBHBIX KJIETKaxX
MOPKOBH, HHIYIIMPOBAHHBIX IS (POPMUpOBAHUS COMATHYECKUX SMOPHOUIIOB 2-
4acoBOW 00pabOTKOI BRICOKMMHU KOHIIEHTpanusmu 2,4-]1 [375].

HenuddepeHupoBKa U MOCICAYIONINN COMAaTUIECKUNA IMOPHUOUIOTCHE3 CBSI-
3aHbI CO CJIOKHBIMU U3MEHCHHUSIMHU B CTPYKType OekoB kietku [28, 451, 621]. beuio
MOKa3aHo, YTO JACHCTBUE IK30I€HHBIX ayKCUHOB, MO KpalHEeW Mepe 4acTUYHO, OCHO-
BaHO Ha Jierpaganuu crienupudeckux oenkos [409, 534]. MHorue paHHue peakiuu

pacTeHui Ha ayKCHH BbI3BaHbl ayKCUHUYBCTBUTENbHBIMU Oenkamu AUX/TAA, koTo-
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pble JTUMEPHU3YIOTCS C 4WiCHaMH CEeMEMCTBa TPAHCKPHUIILIMOHHBIX (haKTOPOB OTBETA
aykcuHa (ARF) u, takum oOpazom, uarubupyior ux [640]. benku AUX/IAA nHecTta-
OWJIbHBI, U UX JIerpajialiis UHUIUUPYETCS KOMIUIEKCOM YOUKBUTUH—OEIKOBOM Jura-
361 (Tun SCF), KOTOpbIil perynupyercs MoAuQpHUKalueil ¢ MOMOIIbI0 OeiKa, CBsI3aH-
Horo ¢ youkButrHOM [311, 335]. AykcHH ycKOpsieT JAerpaaaluio KOPOTKOKHUBYIIHX
oenxoB AUX/IAA s npekparienus tpanckpumniuu Oenkamu ARF [136]. [lanHbrii
NyTh Jerpajganuu O0eiaKa OTBEYAET 3a JACTPaJaluio OOJBITHHCTBA KICTOYHBIX OEIKOB;
HE TOJIBKO PErYIATOPOB U KOPOTKOKHUBYIIUX OEIKOB, HO U T€X, KOTOPHIE BHIIIOJIHSIOT
CTPYKTYPHBIC POJIH H SBIISIOTCS HOAToXUBYIUME [360].

JleficTBUEe ayKCHMHA Ha KYJbTYPY TKaHEH TakXe OOBSICHAETCS YCTAHOBJICHHUEM
HOJIIPHOTO TPaHCIOPTa. AYKCHH TPaHCIIOPTUPYETCS MOJISIPHBIM 00pa3oM BJIOJIb OCH
o0er—KOpHH, 4TO TpeOyeT HOCHTENCH s OTTOKa, Takux kak Oeimok PIN1 [480].
AcummetpuuHas nokanuzanus PIN1 pasBuBaercs y apaOujoricuca B paHHEM JM-
OpuoreHese B pe3yibTaTe aKTUH-3aBUCUMOTO LMKIMPOBAHUA MEXIY Ija3MaTuye-
CKOW MeMOpaHOW M HIOCOMAaTbHBIMU KommapTMmeHnTamu [137]. ¥V Arabidopsis PIN
O€NIKH SIBJISIIOTCS ACUMMETPUYHO JIOKAIM30BAaHHBIMU Ha TJIa3MaTUYECKOW MeMOpaHe,
KOTOPOW TPHUITHCHIBACTCS CO3JaHME JIOKATBHBIX I'pagueHTOB aykcuHa [566]. PIN 1,
OJIMH U3 OENKOB, KOTOPHIE CO3JAI0T W MOJACPKUBAIOT TPAJAUCHT KOHIICHTPAIMH ayK-
cuna [261, 487]. Ananu3 Busyanu3zanuu sxcnpeccuu 6enkoB pPIN1::PIN1-GFP mo-
Kasall, YTO TPaIMeHTHI AyKCHHA YCTAaHABJIMBAIOTCS B T€X KJIETKaX, KOTOPBIE mepepac-
TYT B comatndeckue mpodMopuonsl [188]. IIpu sToM, pa3BUTHE COMATHYECKHUX M-
OpUOUAOB MOXHO HMHTHOMPOBATH NMPUMEHEHHEM HAPTHIPTATAMUHOBOM KHUCIOTHI
(NPA) — uaruburopa TpaHcnopTa aykcuHa. Takum oOpa3oMm, MOJISPHBIA TPAHCIIOPT
ayKCHMHA MPOUCXOAUT BO BPEMsl MHAYKIIMU COMAaTHYECKOro >MOpHOUIOTeHe3a, U
ACHUMMETPUYHOE paclpeiefiecHue ayKCHHAa HEOOXOAMMO Ui MHULMANUU de novo
MEPBUYHBIX OPTAHOB.

[{uTOKMHUH-3aBUCUMAs] SKCIIPECCHUS PETYJIATOPHBIX F€HOB TAK)KE CYIIECTBEHHO
MEHSETCS B MPOIECCEe MHHUIMAIMKA COMATHYECKOTO 3MOpHOuAOreHe3a. AHAIIU3 M-
PHK tmurokunun-uyBcTBUTenbHOTO Oemka ARRS (ARABIDOPSIS RESPONSE

REGULATOR 5) nmoka3aj, 4To €ro cojiep>kaHue yBEIUYUBACTCS B KajulycaX MHHU-
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IIUUPOBAHHBIX U3 KOPHEBBIX SKCIJIAHTOB M HAa paHHUX CTaIusaX (Ha 6 CyTKH) UHKyOa-
MU Ha cpejie Ui perenepanuu nooderos. [locne sToro, mpuMepHO ¢ MOMEHTA Havasa
dbopMupOBaHUs IPUMOPAKEB [ToOera, ero coaepkanue cHmxaercs [486].

Ha stane ¢popmupoBanus Mop(hOTeHHBIX 30H U PereHEepaliy pacTeHUN U3 Kaj-
JYCOB BaXHOE 3HAUYCHHE WMEIOT IIMTOKUHUHBI B COYETAaHWU C ayKcuHamu. [lpudem,
no0aBJIeHNE B MHIYKIIMOHHYIO TUTATEIbHYIO cpeny 2,4-11 B m03e 3 MI/1 B coueTaHUH
Cc 3eaTuHOM Aaxke B 703e 0,5 Mr/m Obu10 mosie3HbIM 7151 00pa3oBaHusl MOP(OTEHHOTO
kasutyca [238]. Ahmed ¢ coaBropamu [554] monyuninm comaTudeckre SMOPUOUIBI U3
anyKaJdbHOM MeEpUCTeMBbl TMoOera TIIEHUIBI Ha cpelax, coaepkammx 6-
oenszwiamuHonypuH (6-BAII) u 2,4-D (0,5 mr /). 1 HEKOTOPBIX T€HOTHUIIOB SY-
MEHS ¥ TIIEHHUIIBI BBICOKYIO 3¢ (EKTUBHOCTh MOKa3biBaeT TuanasypoH (TDZ) [444,
550]. B menoM cHMKEeHHE KOHIICHTPAIUN ayKCHHOB MPUBOJIUT K OPraHOTCHE3Y U pe-
reHepaluy pacTeHui (MHAYKIMK KOpHEW 1 oOeros) mocjie nepeHoca Kamuryca Judo
Ha Cpeay, COACPIKAILYIO ONPEAEICHHYI0 KOMOUHALIUIO PETYJISITOPOB POCTAa PACTEHUI,
1100 BooOIe 0e3 peryistopa [147, 179, 223, 264, 387, 478, 552].

B GonpmmHCTBE CitydaeB, KJIETKH, HEIIOCPEACTBEHHO YYacTBYIOIIME B pereHe-
pamyu OpraHoB, He KOHTAKTHPYIOT HAMPSMYIO C TOPMOHAMU B MHIYKIITMOHHOM Cpee.
[TosTomy, mepenaya TOpMOHAILHOTO CHTHAJIA Yepe3 KIETKH MOXET HrpaTh BaKHYIO
pOJIb B PEAKIIMU SKCIUIAHTOB KJIETKH Ha rOpMOHbI. OOHApYKEHO, YTO Ha NIEPBOM ITa-
ne MHKyOanuu Ha cpefe aktuBupyroTcs reHsl [AAl (mampumep, 1AAS, TAA9 u
[IAA10), HO nmanee, mpu TEpexoje Ha Cpeay I COMAaTHUYECKOro MopdoreHesa OHH
uHTHOUpYyIoTcs. [Ipenmonaraercs, 4To 9T TeHBI YUYaCTBYIOT B TPAHCIIOPTE ayKCHHA B
x0J1e 00pa3oBaHusi SMOPUOUIOB U TTOYECK.

benku HE TONBKO SIBISIOTCS XOPOIIO M3BECTHBIMH PAaHHUMHU MapKepaMu WH-
JIYKIIMA COMAaTUYECKOTO 3MOpHoMIa B padindHbiXx cuctemax [112, 189, [613], Ho u
MOTYT MPUMEHSTBCS MJis ympaBieHus Mopdorene3oMm. benku apabuHoranaktana
(AGPS) - 3T0 Ki1acc MPOTEOTIIMKAHOB, IUPOKO PACTIPOCTPAHECHHBIX B PACTUTEILHOM
I[apCTBE, KOTOPHIE BOBJICUYCHHI B PAa3IMUHBIC MPOIIECCHI POCTA U Pa3BUTHUSL PACTCHUMN
[555], Brimrouas comatuueckuit smopuoungorere3 [639]. O mpoMOTOPHBIX U UHTHOU-

pytomux 3¢dexTax HEeKOTOPBIX IK30TCHHBIX (Ppakiuii Oenka apaOWHOrajgakTaHa B
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KyJbTypax MOpKoBHU cooburmin Toonen ¢ coaBropamu [512]. ®pakmus AGP, coxep-
xammas snuton JIMS, okaspiBasia MHTHOWpYIONIEe BIUSHUE HA COMAaTUYECKUN M-
Opuorenes y MopkoBu [512]. Jlo6aBnenue uzoiaupoBanHbix AGP ceMssH MOpKOBHU K
CTapbiM, HEOMOPHOTEHHBIM KJICTOYHBIM JIMHHSM IMOBTOPHO HHIYIIMPOBAIO HUX DM-
opuorennsiii moreniman [393]. AGP cemsiH criocoOCTBOBAIH CO3PEBAHUIO COMATH-
YECKUX YMOPHOMIOB Y €M HOPBEKCKOM [262].

OMOpPHOTEeHHBIE KYJNbTYpPhl CIIOCOOHBI CEKPETUPOBATH OCIKH, WACHTH(PHUIIMPO-
BaHHbIC KaK XWUTHHA3bl, TIIIOKaHa3bl U OCMOTHUHOMOMOOHBIN Oenok. Ilpenmonoxu-
TeNbHO, MoauduIpoBaHHble XUTHHA30M AGP SBISIOTCS BHEKJIETOYHBIMU MOJIEKY-
JaMH, CITIOCOOHBIMU KOHTPOJMPOBATH WM MOJICPKUBATh SMOPHOTE€HHOE COCTOSTHHE
KOMITETEHTHBIX KJIeTOK [457]. Bbu1o moka3aHo, 4To SMOpHOTreHHass KOMIIETEHTHOCTD
MPOTOIIACTOB MOXKET OBITh BOCCTAHOBJIEHA U ycuiieHa npumMeHenueM AGP, npuuem
oosee 3ppekTUBHBIME ObLITH (HOPMBI, PACIICIIIICHHBIC SHI0XUTHHA30H [457].

Psn aBTOpoB OoTMeuaeT BaxkHyto poib ABK B ¢opMupoBanuu smMOpuonsioB B
Kajurycax. B kamrycax NIIEHHIIBI SMOPHOWIOTEHE3 CTUMYJIHPOBAICS MPUBHECEHUU
ABK B nutarensHyo cpeny B KoHeHTpauu ot 1 1o 3 mr/a. [Ipu sTom onTumanbHast
KOHIICHTpaIus coctanisuia 2 mr/it [56]. JIins MopkoBH OBLIO IMOKa3aHO, YTO MPOCTOE
Hanecenue ABK Ha npopoctku 3(pheKTHBHO HHAYIIUPOBAJIO 00pa30BaHUE COMAaTHYe-
ckux 3MOpuon0B [565], HO TOJBKO B MPHUCYTCTBUU SHAOTEHHOIO 3araca ayKCHHa.
OTHOCUTENBHO 00Jiee BBICOKUN ypoBeHb 3HI0TeHHON ABK MoXeT npuBecTH K CHU-
xKeHuto Mopdorenerndeckoit peakuuu. [lonoxurensbuas poas ABK B comarnueckom
smbOpuorenese JyriacoBoit muxtel (Pseudotsuga menziesii) ormeuaror Walther ¢ co-
aBTopamu [117].

Ycunenne pereHepalun pacTeHUM B KyJIbType, MOJYYEHHOW U3 3pEJbIX 3apo-
JBIIICH 03UMOM MIIEHUIIbI, OOHAPYKUJIM B pe3yjbTaTe JOMOJHEHus cpeasl MS-B
AgNO3 (20 mr/m) [177]. Hutpar cepeOpa B cOCTaBe MHUTATEIBLHOW CPEIbl TaKKe
npe/IaraloT UCIojb30BaTh U apyrue aBTopsl [253, 275, 348]. ITo ganueiM Yadav ¢
coaBropamu [209] nodasnenune AgNO3 2,0 mr/in u CuSQO4 2,5 Mr/i1 B cpeay uist pere-
HEpaluy yIy4YIIMJIO YacTOTy pPEereHepaluy, a Takke KoinuuecTBo moberos. Tung c

coaBTopamu [557] npeniararoT UCONB30BaTh HUTPAT cepedpa B Ka4eCTBE abTepHa-
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TUBHOIO CIOco0a CO3JaHUsl aceNTHYECKOW KYJbTyphl TKaHeW Xpu3aHTembl. Leon c
coaBropamu [407] m3ydanu BIUSHUE PA3IMYHBIX KOMIIOHCHTOB CPEJbI, TAKUX KaK
AMMOHUM, KaJIbIIWiA, caXxapo3a W Pa3IMYHbIX MUTATEIbHBIX cpell [542] Ha pereHepa-
IIUIO KYJbTYpPBI 3peJbIX 3apojbliieii. MaHUIyIupys KOHIIEHTpAIlel HOHOB MEIU U
cepeOpa B cOCTaBe NMUTATEIBHOW Cpelbl U BPEMEHEM KYJIbTUBUPOBAHUS TKaHEH,
MO>KHO PEreHepUpOBaTh PACTEHUS, KOTOpPbIE TUOO OIM3KH K UCXOAHOMY IKCILIAHTY,
1100 HA00OPOT, HAKATIIIMBAIOT U3MEHEHMS, BEI3bIBAEMBIC KYJIBTYypOi TKaHei [473].

[lepexon kieTok K aeAu(@pepeHUUPOBAHHOMY COCTOSHUIO COIPOBOXAAETCA
u3MeHeHneM BHyTpukiIeTouHoro pH. KynsTuBrupoBaHue KjIeTOKk MOPKOBU B MPHUCYT-
creun 1M NH4CI [562, 563], npuBoasinee k cHmwkeHuio pH 10 4 mo3BoIMIO CO3/1aTh
HENPEPBIBHYIO KYJIbTYPY NPO3MOPHUOHOB NPErIo0ysipHoi cTtaauu. PazButue smoOpu-
OHOB OBLIIO MOJTy4Y€eHO Npu noBbiieHud pH 1o 5,7.

Baxxnoe 3Hauenue i nud@PepeHIUpOBKH KIETOK HMMEET KOHLEHTpaLus
MOHOB KaJiblus. bbUlo moOKa3aHO, YTO MOBBILICHHAs! KOHLIEHTPALMs KalblUs MPOTH-
BOJICHCTBOBajJIa MHTUOUpYIonieMy BiusHUIO 2,4-J] Ha pa3sutHe 3MOpuonmoB [176].
Overvoorde u Grimes [477] cooOrmiau, 4TO dK30T€HHAs KOHIEHTpaius noHoB Ca
Bhiie 200 M HeoOxouma IJis ONTUMaTBLHOTO (hOPMUPOBAHUS IMOPHUOU]IOB.

MHorue aBTOpBHI OTMEYAIOT BAXKHYIO POJIb THUIA M KOHIEHTPAIMU CaxapoB B
COCTaBE NMUTATENBHOM cpebl. JUIsl KyJIbTypbl COMAaTUUYECKUX TKAHEW STYMEHS U IIIIe-
HUIIBI PEKOMEHIYETCS 3aMEeHa caxapo3bl Ha MaibTO3y B KoHueHTparwu 30 1/m [47,
282]. Tlo apyrum maHHBIM, caxapo3a, MajibTO3a U TIIIOKO3a B COCTAaBE MUTATEIbHOMN
Cpe/bl B paBHOW CTETICHU BIIUSAIOT HA MOP(HOreHe3 KaJLTyCOB MIICHHUIIBI [68].

B uccnenoBannu Aydin ¢ coaBropamu [250] ObLIO OLIEHEHO BIHMSHHUE TPEX TH-
noB nosmaMuHOB (Putrescine, Spermidine, Spermine 1 Ux cMech) B JIOMOJHEHHE K 12
mr/n qukamopa u 0,5 mr/n UYK Ha comaTudeckuii sMOpUOUAOTEeHE3 B KyJIbTYpE 3pe-
JBIX 3apOJBIIIEH U PEreHepalnio paCTCHUM MIIEHUIbl. XOTs BIMSHHE MOJIMaMHHOB
Ha MOp(OTEHHBIN Kalilyc He ObUIO 3HAUUTEIbHBIM, UX BIHUSHHUE HAa CKOPOCTH €TO
dbopmupoBanus U 3QPEKTUBHOCTh pereHepali pacTeHU ObUTM OYEHb 3HAUUTEIb-
HeiMU. Camast BeicoKasi 3¢ (heKTUBHOCTh pereHepannuu OblIM MOJydeHbl Ha cpeae MS,

coaepikaiiei myrpecunH. Rakesh ¢ coaBropamu [519], ocHOBBIBasich Ha M3BECTHOM
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pOJIM TIOJIMAMUHOB B (PU3HMOJIOTMYECKUX TIpolieccax pacTeHuil (auddepeHimpoBke,
UHAYIUPOBAHUN TOTUIIOTEHTHOCTH, YBEJIWYCHHM JEJICHUS KIETOK, MOJEKYJISIpHOU
nepeaye CUrHAIOB) JIETAIOT BBIBOJ O BO3MOXHOCTH MX NPUMEHEHHUS B KYJIbType
KJICTOK M TKaHEW pacTeHui iN VIro B pa3HbIX HampaBJICHUSX, HAYMHAS OT 00pa3oBa-
HUS KaJUTyca Y 3aKaH4YMBas aKTUBAIlMENd BTOPUYHBIX META0OJIHUTOB.

Moaudukaiust uCX0HOM MUTaTeIbHOM cpenbl (yamie Bcero Mypacure u Cky-
ra (MC)) [455] moxeT 3aTparuBath cpa3y HECKOJbKO KoMmroHeHToB [495], mampwu-
Mep, JUISl KyJIbTUBUPOBAHUS TPOMMYECKUX TPaB M 3JIAKOBBIX OBLIM M3MEHEHBI KOH-
LEHTpalUK coJjieil JobaBIeHueM cynbdara maruus, gocdara kanus, cyibdara Meau,
a Taxoke nposiuHa U rmotamuaa [2015]. Tlo MEeHMIO aBTOpa, MOAM(BUKAIUS, HA3BaH-
Hast cpenoir WPBS, yiyumiana Bce acnekThl KyJIbTUBUpOBaHUS IN VItro mo cpaBHe-
HUIO CO cpenoit Ha ocHoBe MC.

[Ipy MUKPOKJIOHAJILHOM pPa3MHOXEHUU 3()(PEKTUBHOCTD MOJIyYEHUS PACTEHUN
TaKk)K€ B CHJIbHOM CTENEHM 3aBUCUT OT THIA M XMMHYECKOTO COCTaBa MUTATEJIbHOM
cpensl. Mcmonb30BaHne arapu30BaHHBIX CPEJl YMEHBIIAET PUCK BUTpUDHUKAIIIH TTO-
OeroB [522], xoTs pa3paboTaHbl d3PPEKTUBHBIC CHCTEMbI BbIPAIMBAHUS OPraHOB Ha
KHUIKHX cpenax B Ouopeakropax [305] m MeTOIOM MEPUOIMUECKOTO MOTPYKCHUS B
KHUJKYIO MATaTeIbHYI0 cpeay [585].

CocTaB Makpo U MUKpOCOJEH B MUTATEIbHONW Cpelie UMEET PEellarolee BiIMs-
HUE JJI1 CKOPOCTH Pa3MHOKEHUS U KauecTBe MUKpopacTeHuil. [To-mpexxnemy Hanbo-
jee pacnpOCTpaHEHHBIM COCTAaBOM MaKpO- U MUKPOCOJIEH B MUTATEIbHON Cpeie s
MUKPOKJIOHAIBHOTO Pa3MHOKEHUS OOJIBIIIMHCTBA BUIOB PACTEHUH SBJISICTCS MPOTHCH
Mypacure u Ckyra [455], HO KOJIMYECTBO BapUAHTOB MOJU(PHUKAIIMHA MU MOJHOTO
U3MEHECHHs cocTaBa moctossHHO pactet [76, 305, 432]. Hanpumep, ObuT pa3paboTtaH
MIPOTOKOJ MUKPOPA3MHOKECHHSI TPEIIKOTO OpeXa, OCHOBAHHBIN Ha MOCIIE0BATEILHOM
ucnonp3oBanuu 0,4 u 0,2 MM Quopormronuaa Bo BpeMs pa3MHOXKEHUSI TTOOETOB |
nokasaHo, 4to 3ameHa FeEDTA na FEEDDHA yMeHbIIaeT CHMITOMBI XJIOpO3a U
3HAYUTENILHO YJIyUIIaeT CIIOCOOHOCTh K yKOpeHeHuIo reHoturnoB [342]. JloGaBieHue
KoOanpTa B HU3KOM KOHIeHTparuu (50 MM) B ONTHMU3HPOBAHHYIO CpeLy MIPH MHUK-

POKIIOHAJIbHOM Pa3MHOXCHHHU JIPeBECHOro 0000Boro pactenus Erythrina variegata
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3HAUUTEBHO YJY4Ilajao MapaMmeTphl pocTa (KOJIUYECTBO MOOETOB U JAJIMHY Mo0era) u
coJiep>KaHue XJopoduslia B TUCTHSIX, a TAKXKE PU3OT€HE3 MUKPOPACTEHHI, B TO Bpe-
Ms Kak 0oJiee BBICOKHE KOHIIEHTPALMK ObLIA BPETHBIMH.

VYTneBoabl B COCTaBEe MUTATEIBHON CPEbl UTPAIOT BAXKHYIO POJIb HE TOJIBKO B
peryaupoBaHu MOP(HOTeHHOTO MOBE/ICHUS KYJIbTUBUPYEMBIX PACTUTEIbHBIX TKAHEH,
a TaKke B U3MEHEHUU CKOpOCTH pasMHoxeHus [644] u ykopenenus [539]. Caxaposa
MOJKET 3aMEHATHCS YAaCTUYHO WIIM TIOJHOCTHIO Ha riroko3y [84, 342], maibrosy,
bpykTO3y, copouT, MaHHUT [36] U, B peakux ciaydasx, Jaktosy [305].

Y CcTaHOBNIEHO, YTO CUTHAJIBI (PUTOTOPMOHOB MOTYT BIHUSATH Ha META0OIU3M ca-
Xapo3bl, BBI3bIBASI MHUIIMALIMIO KaJUTyca U JNAJbHEHIYI0 pereHepaiuio nobderos de
novo B KynbType puca [404]. AHanu3 crocoOHOCTH K pereHepalii KaulyCOB pHca
nByx coptoB Ai-Nan-Tsao 39 u Tainan 11 mokasai, 4To MOBBIIICHHAs! CKOPOCTh PO-
CTa ¥ CIOCOOHOCTh K pereHeparuu mooeros kamrycoB copra Ai-Nan-Tsao 39 moryr
OBITH 00YCJIOBJIEHBI 00JIee BHICOKON aKTMBHOCTHIO MOTJIONICHUS W MeTaboIn3Ma ca-
Xapo3bl, CBSI3aHHBIMH ¢ Bo3pacTanueMm »oHkcrnpeccun reHoB ORYZA  SATIVA
RESPONSE REGULATOR 1 (ORR1), PIN-formed 1 u Late embryogenesis-abundant
1, oTBeuaromuMXx 3a MEPEHOC CUTHAJIIOB COOTBETCTBEHHO OT IIUTOKWHUHA, ayKCUHA U
a0CIIN30BOM KUCIIOTEIL.

AMUHOKHCIIOTHI (TJIyTaMUH, allaHWH, acllapardiHOBas KHUCIIOTa U Jp.) WIH UX
CMECH B BHJIE THUIPOJIHM3ATOB OENKOB (Ka3eMHAa) MOTYT OKa3bIBaTh CYIIIECTBEHHOE
BJIMSIHAE Ha TOBBINICHHE Ka4eCTBa KYJIbTYp U CKOpOCTh pazmMHokenus [305]. Kpome
TOTO, CPEIbl, COJACPKAHUE AMHUHOKWCIOTHI WJIM THUIAPOIM3AT Ka3eHHA IO3BOJISIOT
ObICcTpee BBISIBUTH MHMOUIIMPOBAHUE TKAHEH.

OUTOrOpMOHBI UMEIOT PelIalolee 3HAYCHUE JIJIsl yIpaBJIeHUs] MOP(HOTeHE30M
IpU MUKPOKJIOHAIBHOM pa3MHOKeHHU pacteHuil. Kmaccudeckas popmymna cooTHo-
IIEHUsT ayKCUHOB W IUTOKMHMHOB Ckyra u Muniepa [561] siisercst «ieHTpabHOM
JIOTMOI» B KYJIbTyp€ TKaHEW, HO COBPEMEHHBIC TIPEICTABIICHUS O TOPMOHAJILHOM pe-
T'YJIUPOBAHUM OOJIbIIE OA3UPYIOTCS Ha COOTHOILIEHUU IHAOTEHHBIX U 3K30I'€HHBIX pe-
TYJSTOPOB POCTa. AYKCHHBI OOBIYHO PAacCMATPUBAIOT KaK OCHOBHBIE (DAKTOPHI pU30-

rene3a. [Ipu Tom YK gacto 3amemaror Ha aHanoru: uHponuiaMmaciasayo (MMK),
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HapTunykcycHyro (HYK), unnomunoyruposyto kuciotsl (IBA) [513]. CoBpemeHHbIC
CUHTETUYECKUE IIMTOKMHUHBI TMO3BOJIIOT IUIACTUYHO PETyIUpOBaTh MOpdoreHes.
HaunbGonee akTUBHBIMU 3aMEUICHHBIMM MOYEBHUHAMU SBISIIOTCA THaUa3zypoH (TDZ)
[449] n N-(2-xnop-4-mupummn)N'-penmmmodeBrra (CPPU) (Fellman et ai., 1987).
Cuwuraercst, uro TDZ sBisercs Hanbosee MOUIHBIM perynstopoM [449], u ero oc-
HOBHBIM MOpP(OreHHBIM 3(P(HEKTOM NpU MUKPOPA3ZMHOKEHUU SIBIISAETCS CHIBHOE
CTUMYJIMPOBAHUE MPOH(eparnu MoOeToB (MPEeBOCXOIAIIee 000 OOBIYHBINA ITUTO-
KUHHH), YTO OCOOEHHO Ba)KHO JIJI BUJIOB C TUIOXOW peakiivel Ha OObIYHbIE ITUTOKHU-
HuHbl [331]. OgHako, HECMOTpsl Ha CBOW OyaroTBOpHEIH 3ddekr, TDZ moxer cTu-
MYyJTUPOBATh UHAYKIMIO KAJTyCa, YTO B KOHEYHOM HTOTE MOKET YTPOKaTh OJHOPO/I-
HOCTH MHUKPOPa3MHOXKA€MbIX PAcCTEeHU U MPUBOAWTH K COMAaKJIOHAJIHHOM Bapua-
OenbHOCTU. B KauecTBe HMTOKMHUHOB YacTO MCIOJB3YIOT 6-O€H3MIaMUHOTYpUH (6-
BAII), HO mOBbIlLIEHHE KOHUEHTpaUuu U ucnoiibzoBanue 6-BAIl B psne maccaxeit
MOKET MPUBOJIUTH K HapyIICHUs M Mopdosoruu moderos (BUTpudUKaIMU, MHOTO-
BEPIIMHHOCTH). [ MOOEpeTMHBI YacTO UCTIOIB3YIOTCS Ha Tale BBEICHUS B KYJIbTYPY
Y Tepe]l BBICAIAKON /Il CTUMYJIUPOBAHMS pa3Mepa MUKPOKIOHOB [84].

Kpome cTuMynsTopoB pocTa B COCTaB MUTATEIBHOM CPebl MOTYT OBITH BBEJIE-
HBI U 3aMEJIJIUTENU (MHTMOUTOPHI) pOCTa JJIsl MPEIOTBPAIEHUsS] aHOMAJIbHBIX MOPGO-
T'CHHBIX TATTEPHOB, HAOJIIOJJAEMbIX B XKHIKHUX Cpelax B Ouopeaktopax [655], uHru-
OUTOpHI OMOCUHTE3a THOEeppeUIMHA, NMPEIOTBPAIAIONINX AHOMAJIBHOE Pa3BUTHE JIH-
CTBEB U JIPYIMX OPraHOB B PACTCHUSAX U TKaHEBBIX KynbTypax [310, 656].

[IpeanpuHATO MHOTO MOMBITOK BKIIFOUCHHUS B COCTaB CPE/Ibl HOBBIX THIIOB OHO-
PETYIATOPOB, TAKMX KaK MOJUAMHUHBI, OPaCCHHOCTEPOUIBI, )KaCMOHOBAsI KUCIIOTa U
typroputsl [541]. BeIsiBieHO, YTO CalMIMIOBAs KHUCJIOTAa B COCTABE MHUTATEIBHOM
CpeIbl CTIOCOOCTBYET JTyUlliei MPMKUBAEMOCTH MEPUCTEM, YIyUIllaeT HOBOOOpa3oBa-
HHE y3J10B U moderos [39].

Merta-Tomonun (MT) MCMONB30BajICS B Ka4eCTBE abTEPHATHBHOIO IIUTOKMHHM-
Ha B HCCJICJOBAHUAX 10 MHKPOKJIOHAJILHOMY pa3MHOKEHHIO pacteHuit [125, 434,
471, 616]. IonoxwurenpHOe BimsiHUE MT OOHOPYKEHO MPHU MCIOJIH30BAHUU B COYE-

TaHUH C IIUTOKHMHUHAMU U aykcuHamu [582]. [TokazaHo, yro MT o6amaeT moreHIMa-
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JIOM HE TOJBKO UHAYLHUPOBaTh 00pa3oBaHuE MOOEroB, HO U IOMOTaTh B YKOPEHEHUH
¥ aKKIMMatH3anuu pactenni [125, 128, 248, 579, 587]. 1o cpaBHenwuro ¢ BAII, MT
MEeTa0O0JIM3UPYETCS TOPa3/I0 ObICTpee U TPAHCIIOPTUPYETCS BO BCE YACTH PACTEHUS BO
BpeMs akkiumaTu3anuu [434, 616].

Ha uauimmansHoM sTare no6aBieHde B cpely acKopOMHOBOM KUCIOTHI (750 —
100 MxM) unm riytatioHa BocctaHoBiaeHHOTO (100 — 250 MKM) cHIbKaeT BpeaHOe

BJIMSTHUEC IPOJTYKTOB OKHUCICHHS (PEHOJIOB Ha KCILUTAHTHI [84].

1.4 DkcniianT U pusndeckne paxkTopsl peryasinuu mopdorene3a B KyJabType
KJIETOK U TKaHeil pacTenmii in vitro

B kynbType coMaTnyeckux TKaHEH Ba)KHOE 3HAYEHHE MMEET TUI SKCILIaHTA.
Jl5is 37maKkoB, B TOM YHCIE Ui MIICHHUIIB KaJUTyCOTEHE3 U pereHepalus MOTyT OBbITh
MOJIYYCHBI M3 Pa3IMUHBIX SKCIUIAHTOB, TAKUX Kak 3peiiblid 3apojsiin [282, 505], He-
3penbiid 3apozpii [150, 258, 318], cerment nucra [326], neiibHuK [524], He3penblit
kostoc [158, 384] u mukpocnopsr [259], HO 3 dekTuBHOCT pereHeparyu In VItro B
OOJIBIIIMHCTBE CIYYaeB OCTACTCS HU3KOM M 3aBHCUT OT reHotumna [592]. [Ins nmeHu-
IbI, KaK ¥ JUUIS MHOTUX JIPYTHX KYJIbTYp, YAOOHBIM M OT3BIBUMBBIM K KyJbTHBHUPOBA-
HUIO 1IN VItro 3KCIIaHTOM YacTo SIBJISIETCS 3apOIbIIl. BOJIBIIMHCTBO aBTOPOB CXOIUT-
csi B TOM, 4TO HauOoisiee 3((PEKTUBHBIM SIBIISIETCA HCIIOIB30BAHUE HE3PEJBbIX 3apo-
JBIIIEH, B CIy4yae C MIICHHUIIEH OObIYHO BBIJIEJIEHHBIE HAa 14 CyTKU MOCIE ONbUICHUS
[218]. MHorue uccieaoBaTesy MbITAJIUCh UCTIONIBb30BaTh 3PEJbIe 3aPOJIBIIIH, TaK KaK
ATOT THUI JKCIUIaHTa JOCTYIEH B JI000E BpeMs rojaa 0e3 JOMOJHUTEIBHBIX YCUIIHMA
[209, 505]. Kak mpaBmiio, aBTOpBl yKa3bIBAIOT Ha IOJYYCHHE Kajilyca MU BO3MOXK-
HOCTb PEr€HEpali U3 HUX, HO C HU3KOW YaCTOTOM M BBICOKOM 3aBUCUMOCTBIO OT Ie-
HOTUNAa OHOpHBIX pactenuit [80, 178, 216, 517]. [IpeanpruHUMAIOTCS TIOMBITKA UC-
M0JIb30BaTh HE TOJIBKO 3peJible 3apOJBIIIN, HO U BMECTE C SHAOCHEPMOM, JI Yero
npejyiaraeTcsl UCHoab30BaTh NMUTATENbHYIO cpeny ¢ 12 mr/n auxam6sl u 0,5 mr/n
NVYK [139]. Takxe MOT'yT OBITH MCIIOJIB30BAHbBI AlTMKAJIbHBIE MEPUCTEMBI U3 IT0OETOB

IPOPOIIEHHBIX 36PHOBOK [253].
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Eapen u Rao [240] u3y4anu BIusSHUEC OpUEHTAIIMU 3apOJbIIICH Ha WHIYKIIUIO
KaJUTyca. 3apObIlIA MOMEIIAIA Ha CPeAy TPEeMs pa3IM4YHbIMU cloco0aMH: (a) IIUT-
KOM BBepX, (0) IIUTKOM B KOHTAKTE CO CPeAoi U (B) OJTHON CTOPOHOM ITUTKA U OCBIO
3apo/Iplllla B KOHTAKTE CO cpeoid. YacToTa 1 MHTEHCUBHOCTD Pa3BUTHS KaJlTyca OKa-
3aJIMCh JTYYIIMMU B OpPUEHTaIlMK (2) 1 HaMMEeHbIIUMHU B opueHTanuu (B). Chang ¢ co-
aBTopamu [325] mokasanu BiMsHHE pa3Mepa 3apojbiiia Ha (OpMHUPOBAHKUE YMOPHO-
TeHHOT'0 Kajuryca y copta stamens (Hordeum vulgare L cv. Morex).

Panenne BO BpeMsi BBIWICHEHMs JKCIUIAHTa CamMo IO cede ABJISIETCS BaKHBIM
CUTHAJIOM B MHAYKIHMH neauddepentmanuu [454].

B MHTaKTHBIX pacTEHUSX Ba)KHOE 3HAYCHHWE I PA3BUTUS KIETOK UMeEET (op-
MHUPOBaHUE TOJIIPHOCTH BHYTPH KJIETKU U TKaHU. [losipru30BaHHOE pa3BUTHE 3UTOTHI
1 3MOpHOHA BKJIIOYAET (POPMUPOBAHUE MEPUCTEM MTOOETOB U KOPHEW, KOTOPHIE MO/I-
JEPKUBAIOT ANUMKAIbHO—0a3albHYI0 MOJSPHOCTh HA MPOTSHDKEHUHM BCETO Pa3BUTHUS
pactenus [376]. BeposTHO, moisipu3aIius UrpacT BaXKHYIO POJIb JUIS ONPEICIICHHS
CIIOCOOHOCTH KJIETOK K COMaTH4ecKoMy sMOpuoungoreHesy. Jloka3zaTenbCcTBOM CITy-
JKAT OTBITHI 110 IPUMEHEHHIO AJIEKTPUYECKOTO MOJIsl K MPOTOIIacTaM JIFOIEPHBI, KO-
TOPOC YCHIIMBAJIO MPSAMOM sMOpronaorenes [229].

KanmnycHple KyabTypbl Kak MPaBUIO KyJIbTUBUPYIOTCS B TEMHOTE, HO pPEereHe-
parys COMaTHYeCKUX dMOPHOHUIOB U MOYCK vaile npoBosaTcs Ha cBety [305]. Cpas-
HUTEIbHOE HcceaoBaHue 3PGEKTHBHOCTH OCBEIIECHUS TKAHEBBIX KYJIBTYp CaxapHO-
ro TPOCTHHKA MCTOYHWKAMH JBYX THUIOB (JIIOMUHECIIEHTHBIMU U CBETOIHOHBIMH)
nmokaszajo, 4To (asa WHAYKIHHA COMATHYECKHX SMOPHUOHMIOB TOJDKHA TPOBOJMUTHCS
o1 IyOpPECICHTHBIMA CBETUJILHUKAMH, a OCTABIIUICS MPOIIECC MUKPOPa3MHOXKeE-
HUS U aJlafTalys pacTeHUH K €CTECTBEHHBIM YCJIOBHUSM JIyUIlle TPOTEKAIOT C UCTIONb-
30BaHUEM CBETOUOIHOTO ocBelieHus [633].

JIJ1st HEKOTOPBIX TEHOTUIIOB TIIEHUITBI 0OHApYKeH P (HEKT HU3KOTEeMITepaTyp-
Holl 00pab®oTku [316] m kKoMOuHHMpOBaHHBIH 3()(EeKT MpUMEHEHUs KONXHUIMHA, L-
NPOJIMHA U HU3KOW TeMIepaTypbl Ha dTare HHOKYyJsuK [559], BiusBIMe Ha yBeIu-
YeHHe CKOpocTU AUQPGEpeHUUPOBKU TKaHEH mHiieHuIpl. CTUMymupyrommid 3QQexT

KPaTKOBPEMEHHOT'O BO3JCUCTBUA (2 CyT.) HU3KOM TemmepaTyphl (4°C) Ha 4acToTy
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UHIYKIIUM MOPPOTEHETUYECKOro Kajuryca ObUI MOKa3aH I pa3IuyHbIX T€HOTHUIIOB
msirkoi mmeHuisr [100].

Bimsiaue HU3KOMHTEHCHBHOTO JlazepHoro usnydeHus (632,8 um, 12 MBT) Ha
MOp(}OTeHETUYECKUE U PETeHEPALIMOHHbBIE MTPOLIECCH B KAJUTYCHOW KYJIbTYpE MIICHU-
el (cv. Skala) uccnenosanu Salyaev ¢ coaBropamu [595]. Onu HaOmIOAaTN 3aMETHOE
YBEJIMYECHHE YUCIIa PETeHEPUPOBAHHBIX PACTEHUMN, KOT/Ia KaJulyC MojJBeprajics oo0iy-
yeHnto. KoHeuHbli BBIXOJT pereHepupOBaHHbIX pacTeHuil coctaBui 38% B 00IydeH-
HBIX 00pasiax Mo cpaBHEHUIO ¢ 25% B KOHTPOJIbHBIX.

B xynpType TKaHel W OpraHOB NMPU MHUKPOKJIOHAILHOM PAa3MHOKCHHUU THI U
KaueCTBO AKCILIAHTA TakK)Ke MMEIOT 00jbIinoe 3HaueHue [498] u BiusgioT Ha criocoO-
HOCTh (POPMHUPOBATH HOBBIC MOYKH M MOOETH, YBEIMYUBATHCS B pa3Mepe U yKOpe-
HATHCSI, @ TAaK)KE aJalTUPOBATHCS B JAIBHEHIIEM K YCIOBUSM €X Vitro. OCHOBHO
MOJIXO0J1 K BRIOOPY SKCIUIAHTA 3aKJIIOYAETCS B MPEANOYTCHUN PAaHHUX 3TAlOB OHTOIe-
HETUYECKOTO Pa3BUTUS TKaHEH IKCIIaHTa. ITOT (PaKTOp BIMAET HE TOJIBKO HA MPO-
CTOTY MOJYYECHHS aCENTHUYECKOTO MaTepuana JJisg BBEACHUS B KyJIbTYPY U MHTCHCHB-
HOCTBIO HOBOOOPA30BaHUsI OPraHOB, HO M MOJJEPKAHUE UCXOJHOW M€HOTUITNYECKON
uaceHTHYHOCTH [424].

OnHOM W3 OCHOBHBIX MPOOJIEM KYJbTUBHPOBAHUS PACTUTCIIBHBIX TKaHEH iN
VItro siBsieTcs mioxasi BEHTHIAIMS B KyJIbTypaibHbIX cocynax [453]. B 3akpbIThix
coCy/Iax MPH MUKPOPA3MHOKEHUH CO3aeTCsi 0co0ast ra3oBasi cpejia, COCTaB KOTOPOi
OTIIMYAETCS OT OKpYyXkaroiero. Hakorienne ra3oB MokeT ObITh OTBETCTBEHHO 3a TIO-
Tepu nipu MukpopasmMHoxenuu [219, 220]. UHTeHCHUBHOCTH ra3000MeHa 3aBUCHT OT
TUIIA KYJBTYPaJLHOTO COCy/a M Croco0a 3amakoBku cocyna (mpooOku) [288]. Upes-
mepHoe HakoreHne CO; (10 20%) [219, 220] MoxkeT BbI3bIBaTH KaPIUKOBOCTDH HJIH
nosiBicHHe anpOumHM3Ma B moOerax (Hampumep, Cordyline terminalis, Ficus
benjamina) [221]. KyneTuBupyembie pacTuTelbHble TKaHu reHepupyoT CO;, Bo Bpe-
Msl JIBIXaHUS, U TIOTJIOMAETCS B 3HAYUTEIBHBIX KOJMYECTBAX OH TOJHKO (DOTOCHHTE-
TUYECKU aKTUBHBIMU KJIETKAMH WJIM TKaHsAMU. [lokazaHo, YTO MPUHYIUTEIBHOE 000-
ramenue armocdepbl KyabTypaibHbIX cocyqoB CO; mig (HOTOCHHTE3UPYIOIIUX

KyJIbTYp HIPHUBOJUT K TMOBBIIIEHUIO 3((PeKTuBHOCTH (HOTOCHHTE3a U YCHICHHUH
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HAKOTUICHUsI OMOMAacChl, B TOM YHCJE 3a c4eT (OPMHUPOBAHUS KIETOYHBIX CTEHOK
[207].

OTWJICH BIUSACT Ha pa3jiMyHbie MOP(POTEHHBIC PEaKIUU B KYJIbTypax pacTH-
TEJNBHBIX TKaHei. Kak u B ycioBusx in VIVO, STHICH MOXET HHTHOUPOBATH POCT M
YCKOPSATh CTapeHue iN VItro, Hanpumep, CTUMYJIMPOBATh KIIyOHE0Opa3oBaHUE KapTo-
dens in vitro [332], uHruOupoBaTh POCT IKCIUIAHTOB T'BO3AMKH [431] U ymauHEeHHE
noberoB y po3 [599]. B To ke BpeMsi ObLIO OMMCAHO HECKOJBKO TOJOKUTEIBHBIX
apdexToB yTHIeHa. K HUM OTHOCSTCS NOJABJICHUE ANMMKAJIbHOTO JTOMHUHUPOBAHUS U
yBEIMYCHUE TPOIYKIMH MAa3yIIHBIX 00eroB y OpoMenueBbix [219, 220], ycuienue
pa3BUTHS TYKOBUYHBIX IPUMOPHIA B PETEHEPUPOBAHHBIX MOOETax TIOJIbIAHOB [583],
CTUMYJISIIUSL POCTA MPOTOKOPMOB OPXUJCH, MUHHU-YEPEHKOB KapTo(enst U 1moderon
repoepbr [108]. Mcnonp3oBanue HWHTHOMTOPOB OWMOCHHTE3a W JICHCTBUS ITHJICHA
[618] wacTo OKa3bIBaIOCH MOJE3HBIM MPU Pa3padOTKE HAJICKHBIX CUCTEM MUKPOpPA3-
MHOeHus. CopeprkaHue KHCIOpOAa OOBIYHO OINpEAesieTcsl Ta3000MEHOM COCYOB.
HNMeroTcst HEeKOTOphbIe COOOIIEHU O CTUMYJISIIMU TTpodudepanuu noOeroB rurnokcu-
eit [338, 463].

CBeT OKa3bIBa€T CHJIbHOE BIUSHUE Ha MOP(OJIOTHI0 Pa3BUTHUS PACTEHUN U
MOXET U3MEHSATh €€ JIByMsl criocobamu: depe3 GhoTocuHTE3 U uepe3 goromopdore-
He3. OObIYHO (POTOCHMHTE3 00ECTIEUHBAET 3€JICHBIC PACTEHUS TOCTATOYHBIM 3aIacoM
sHepruu. B TKaHEBBIX KyNbTypax YCJOBHs Halle BCETO HEIOCTATOYHBI AJIS MOAIEP-
KaHHUs aBTOTPO(HOIo pasBUTHsS; Mpeodiamgaer mMukcoTpodus [221]. Yenuuupas
OCBeIIEHHOCTh U coaepxkanne CO, MOKHO JAOCTHYH 0oJiee BHICOKOTO YPOBHSI aBTO-
tpodun [391]. MHTEHCHMBHOCTH CBETa BIUSCT HA POCT M Mposmdepannto moderos, a
TaKke Ha puszoreHe3 [456]. IIpu MUKPOPA3MHOKEHHUU THEBHOM CBET MOJHOCTBHIO 3a-
MEHSIETCS] ICKYCCTBEHHBIMA HCTOYHUKAMH CBETA C IPYTHM CHEKTPOM, KOTOPBIH 00Y-
cioBiuBaeT Goromopdorenes in Vitro. JlroMuHeCIIEHTHBIE JIaMIIbl SBJISIOTCS HanOo-
JIee 4acTO MCIOJIb3YEMbIM HCTOUHUKOM CBETA B JIA0OPATOPHUSAX 110 KYJIbTHBHPOBAHUIO
TKaHel pacTteHuil. JIaMIbl MOTYT pa3iavuaThCs MO CHEKTpajJbHOMY cocTtaBy [448,
564]. MOXHO cUMTaTh, YTO CHEKTPAIbHBIN OallaHC JaMITbl, 2 HE MHTEHCUBHOCTH I10-

ToKa cBeTa ((POTOHOB), ABIAETCS OMNpenestomuM (GakTopoM B dhoToMOpdoreHese
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MUKpOpacTeHH. BombIMHCTBO (HOTOMOP(OTEHHBIX PEAKIMI WHAYIUPYETCS JTHUO0
KpacHBIMH, JIUOO CUHUMU JUTMHAMH BOJIH. CHHHI CBET 9acTO OTBEYAET 3a KaPJIHKO-
BbIC PACTEHHUsA, B TO BpPeMs KaK KpAcCHBbIM CBET BbI3biBacT ymiauHeHue [126, 408].
CrniektpanbHbIi 3PGEKT cBeTa MOXKET ObITh MmonaBieH Ouoperymstopamu [305]. U3
UCCIICIOBAHMI IN VIVO BUIHO, YTO BIUSHHE CBETa OOYCJIOBJICHBI HE I[BETOM CIIEKTpPa
CBETa KaK TaKoBbIM, a cooTHoleHueM R (kpacHoro):FR (undpakpacHoro), B (cune-
ro): R (kpacnoro)u B (cunero):FR (nndpakpacuoro) nperoB [366]. KagectBo cBeTa
MOKET BJIUATH HAa JOCTYIMHOCTh UHTPEAUEHTOB Cpeibl (HAmpuMep, *Keje3a) s pac-
TUTENIbHOrO Matepuaina. C mosiBiaeHueM TexHojoruu cBeroauoaoB (LED) Obln mo-
CTUTHYT BICUATIISIIOIIMIA MPOTPECC B KOHTPOJIE OKPYXkArolie cpeasl 1 Mopdorene-
TUYECKUX PEAKIUSAX B COOTBETCTBUU CO CBETOM, HCIIOJIB3YEMbBIM JJIsl OCBEIICHUSA
KyneTyp [413].

[Ipo10KUTENEHOCTS OCBELIEHUSI B TEYEHUHU CYTOK ((OTOMEepHUos) OKa3bIBaeT
3HAYHUTEIBHOC BJIMSHUEC KaK Ha Pa3BUTHE MOOETOB, TaK W HAa Pa3BUTHE KOpPHEH IN
Vvitro. O6brgHO Hconb3yercs 18-16-yacoBast MPOIODKUTEIBHOCTh OCBEILCHUS B CYT-
ku. Tako ¢doromepuos obOecneyrBaeT MHAYKIIMIO MOOETOB Y MHOTHX BHJIOB, B TO
BpeMs Kak 0oJiee KOpOTKUH (poTomepros HEoOXOIUM ISl CTUMYIISIITUN YKOPCHECHHUS
wi kiyoHeoOpasoBanus y kaprodens [305]. CymiecTBeHHOE BIHMSHHE MPOIOJIKH-
TEJILHOCTh (POTOMEPHOIa OKa3bIBACT Ha I[BETCHHE pacTeHuit In vitro [461]. NureH-
CHUBHOCTH CBETa B YCJOBHSX IN Vitr0 HAMHOTO HMIKE, YeM COJIHCYHBIH CBET, 1 MOYKET
BBI3BATh CTPECC MPHU MEPEHOCE PACTEHUN B YCJIOBHS €CTECTBEHHOTO OCBEIICHHS Ha
JTame ajganTaiuyd. B codeTaHWM ¢ BOJHBIM CTPECCOM W BBICOKMMH WM HHU3KUMH
TemrepaTypaMmu (couetanue (aKkTopoB, KOTOPbIE MOTYT BOZHUKATh Ha JIFOOBIX CTaIH-
X TIepeHoca ex Vitro) stu ¢pakTopsl MOT'YT IPUBECTH K (POTOMHIMOUPOBAHHIO B XJIO-
poruiacrax [412].

YroObl YCKOPUTH POCT U MOpdoreHes in VIitro, KyJabTyphl, KaK MPaBUIIO, MMOJI-
JEPKUBAIOTCS MPU CPEIHUX TeMIIepaTypax, KOTOPbIe OOBIYHO BHIIIE, YEM T€, B KOTO-
PBIX MPOU3PACTAIOT TE K€ PACTCHHUs B yCIOBHsIX IN Vivo. CpenHss Temreparypa B
MOMEIIEHUSIX B OONBIIMHCTBE ciay4yaeB coctamiser 25°C (B auamasone ot 17 A0

32°C). B ocBellleHHBIX TOMEIIEHUSX TeMIepaTypa BHYTPU KYJIBTYPHBIX COCYJIOB
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OOBIYHO Ha HECKOJBKO TPaJyCOB BHIIIE KOMHATHOW M3-3a MapHUKOBOTO 3d¢eKkTa
[222]. [TeperpeB KyabTyp 4Yalie BCETO MPUBOAMWT K MHTHOMpOBaHUIO UX pocta [305].
[Tpu sTOM, B psinie CllydaeB WHIAYLIHMPOBAHHE OpraHOTeHEe3a MOXKET MPOXOJUTH TPH
oonee mu3kux (12-15 °C) [127, 295, 319] wim Gostee BeICOKMX TeMIieparypax (28, 35
°C) [124]. Ins MHOTHX BHUJOB pacTeHUH CHIDKeHHE Temiepatypsl (10 18-22 °C) ctu-
MYJTUPYET PHU30TeHe3. 3HAUYMTEIbHBIC BHIOCTICIM(DHUHBIE KOJICOAHHS TEMIIEpaTyp

CTUMYJIHPYIOT (OPMHUPOBAHUE M TMPOPACTAHHE MHUKPOKIYOHEH M MHUKPOIYKOBUI]

[305].

1.5 BinsiHue reHOTHIIA JOHOPHBIX pacTeHul HAa d(pPexkTUBHOCTH MOp(doreHesa B
KyJbType KJIETOK U TKaHeil pacTeHmii in vitro

HecMoTpst Ha 3HaYUTENBHBINA NPOrPECC, TOCTUTHYTHINM B 00J1ACTU KYJIBTUBHPO-
BaHMS KJICTOK M TKaHEeW pacTeHWid iN VIitro, Ha MpaKkTUKE MPU U3YYCHHUU HIMPOKOTO
CIEKTpa F€HOTUIIOB YaCTOTA PEreHEPALMH B KYJIBTYPE COMAaTUYECKUX TKAaHEH Pa3HbIX
BUJIOB, OCOOEHHO 3JIaKOB, K KOTOPHIM OTHOCUTCS MILEHMIIA, KOJIEOJIETCs MO0 copTaM
ot 0 10 60 % [226, 503]. DddekT reHoTHIIA JOHOPHOTO PACTECHUS SIBISACTCS OIpPE/IC-
JSIFOIIMM B YCHEIIHOCTH KYJIBTUBUPOBAHUS KIETOK M TKaHEW pacTeHuid in Vitro mo
MHEHHUIO OonbIIMHCTBA HMcchenoBarenei [458, 158]. CkpuHUHT GOJBIIOrO KOJIMYE-
CTBa COPTOB MIIEHUIIBI TOKAa3aJl, YTO CIIOCOOHOCTh K pere’epaiuu Bapbupyer ot 0 10
100 %, ¥ TI03BOJIMJI BBIICUTH TEHOTHITBI ¢ YacToTOM perereparmu 10 70-100 % [49,
96, 349, 401, 426]. buI0 OTMEYECHO, YTO UHIYKIIUS KAJUTyCa y BCEX IEHOTHIIOB BbI-
cokas, Ha ypoBHE 90-100 %, 1 MEKCOPTOBBIE Pa3IMYMS HA TOM 3TANE HEZHAUUTEI b-
Heie [401, 547]. IMEHHO TeHOTHUIMYECKUE OCOOCHHOCTH JKCIUIAHTA HE TMO3BOJISIOT
CO3/1aTh YHUBEPCAJIbHYIO TEXHOJOTHIO MOTYYeHHs] MOP(POTeHHBIX KaJUIyCOB U pacTe-
HUN-pPEreHepaHToOB, IPUTOAHYIO JJI1 HaJCKHOTO MUCIOIb30BAHMS B CIICIIMAIIBHBIX Me-
TOJAaX CEJEKUUU U HKCIEPUMEHTAIbHOW OMOJOTHH, TaKUX KakK MOJy4YeHHe raruiou-
JI0B, T€HeTHWYecKas TpaHcpopMmalusi, KIETOYHas CeJeKIUs, KIOHHUPOBAaHUE OJHO-
JOJIbHBIX pacTeHU. MHOrue MCCleA0BaHNUS NPOBOAATCSA HA, TaK HA3bIBAEMBIX, MO-
JETBHBIX COPTaX, 00JaaroIMMX BBICOKON 3(PHEKTHBHOCTHIO KaJUTyCOTE€HE3a U pere-

HCpanuu paCTeHHﬁ. Har[pHMep, A1 MIIEHUIbI MOJACIBHBIMHU  ABJIAIOTCA COpTa
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Bobwhite u Fielder [443]. 13 3apoapimieii Marko nmeHuibl copta Glennos mocie 8
MECSIEB KYJIbTUBUPOBAHHUS MOKHO IOJIy4aTh 10 65 pacTeHuid Ha rpaMM SMOPHOTeH-
Horo kamryca [419]. Ho naHHbIe copTa 4acTO UMEIOT HEJOCTATOYHO XOPOIIUE X035~
CTBEHHO-OMOJIOTHYECKHE MPU3HAKK U HE MOTYT OBITh MCIOJb30BaHbI B CEICKIMOH-
HOM TpoIecce.

Ha ocHoBe ananm3a crnocoOHOCTH K MHAYKIIMM MOP(OreHHOro Kajulyca U pe-
TeHepaIuy PacTeHUH B KyJbType IN VItro 3apoJIblieBbIX TKaHEeH 48 KOMMEpPUYECKUX
copToB U 10 BUIIOB JT1-, TETpa- ¥ TEKCAIJIOUIHBIX ()OPM MIIEHUIIBI ObLIO YCTaHOBIIE-
HO, 4YTO TeTparuionaHsie BA-reHoMmHBIE pacteHust mmeHunbl Triticum carthlicum
Nevski, T. turgidum L. u T. polonicum L. npeBocXoaaT A-T€HOMHBIC TUILIOWIHBIC
dopmer T. monococcum L., T. sinskajae A. Filat. et Kurk. u BAD-renHoMHbIC rexcarn-
nouanbie Gopmer T. compactum Host., T. shaerococcum Perciv. o 3ppeKTHBHOCTH
dbopmupoBaHUsS MOPPOTEHHOTO Kajulyca B KYyJIbTYpe HE3pPEJbIX 3apOJbIIIEBhIX TKa-
Heil. G-reHoMHbIe BH/IBI MieHUIBI T. timopheevii Zhuk. (4n, GA-renom) u T. kiharae
Dorof. et Migusch (6n, GAD-reHoM) B KyJIbType HE3pEJIbIX 3apOJbIIICH XapaKTepH-
30BaJIMCh (HOPMHUPOBAHUEM OOJIBIION O aTHOMHOCHBIX PacCTeHHIl-pereHepaHTOB
IpU HEBBICOKOM MOpP(OTreHHOM MoTeHnuaie. MccnenoBanus mokasaiu, 4To TeTpar-
aoumnsie (T. durum Desf., T. dicoccum (Schrank)) u rekcammonasie (T. aestivum L.,
T. shaerococcum Perciv.) koMMepYECKUE COpTa AEIATCS HAa TPU TPYIIILI 10 YPOBHIO
MOpP(OTEHHOTO OTBETa B KYJIbType HE3PENbIX 3apOJbIIICi: HU3KO-, CPEHE- U BBICO-
koMopdorennsie. [locmeqnue XapakTepuszyrOTcs OOJNBIION 10e MOPGOTEHHOTO
kayutyca (0osee 65%) u cnocoOHOCThIO perenepupoBath 10-20 moOETroB K3 Kaxa0ro
kautyca [80, 444]. Ilpu cpaBHEHHUHU BHUIIOB IO CIIOCOOHOCTH K 00pa30BaHMIO KajuTyca
U3 3apOJIbIIIeH MOXXHO TOCTPOUTH CIEAYIONIMN yObIBarommii psi T. aestivum L.
(ABD) > T. durum Desf. (AB) > T. timopheevi Zhuk. (AG) > Aegilops cylindrica
(CD), no npupocCTy KaJTyCHOM MacChl Ha HAYaJIbHBIX 3Tanax KyJbTUBUPOBAHUS — T.
durum Desf. (AB) > T. aestivum L. (ABD) > T. timopheevi Zhuk. (AG) > Aegilops
cylindrica (CD), mo mpolieHTy BBIXOJa I'€T€pPOreHHBIX KajlycoB — T. aestivum L.
(ABD) (65 %) > T. timopheevi Zhuk. (AG) (40 %) > A. cylindrica (CD) (30 %) > T.
durum Desf. (AB) (20 %) [49].
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[lepcrieKTUBHBIM TOAXOJOM K HCCIEIOBAHUIO PETYJSIUU PAaHHUX STaroB
Mop(doreHe3a SBISETCS BBISBICHHE TE€HOB, CHEIU(PUYECKH TPAHCKPUOHPYEMBIX B
MOMEHT NEePEenporpaMMHUPOBAHUS, U U3YyUYEHUE UX BIUSHUSA HA pEreHepaluio pacre-
it [218]. B Hacrosimiee Bpemsi BBIIEICH W U3y4YeH PsJi TEHOB, KOHTPOIHUPYIOIINX
pasBHTHE 3apojbilicH, hopMupoBanue moberos u nperkos [44, 93, 205, 296, 301,
333, 381].

[Torck MapKepHBIX T€HOB, YKa3bIBAIOIINUX Ha MIEPEX0]] COMATUYECKOM KIETKH B
IMOpUOTEeHHYI0, TIpuBeN K uaeHTUuKanuu renoB SERK (Pernentophas xuHaza co-
MaTH4ecKoro smopuorenesa) [112, 114]. Schmidt et al. [112] BnepBbic HabMIOMATH
TpPaH3UTOPHYIO 3KcTpeccuio SERK B HEOObIION CyOmonysauy YBeTUICHHBIX U Ba-
KyOJIU3UPOBAHHBIX KJIETOK B OMOPHUOTEHHOMN KYJbTYpE, MOJYYCHHON U3 TUITOKOTHIIb-
HOro okcrutanta  Daucus  carota  (MOpkoBb) B HOpUCYTCTBUH  2.4-
TUXJIOP(PEHOKCUYKCYCHOM KUCIOTHI (2,4-]1). AHanornyHbie T€Hbl ObLUTN BBISBICHBI Y
CaMbIX pa3HbIX BUJIOB pacTeHU. bbuto cooOIIeHO, YTO MEPBOHAYATIHLHOTO BBHICOKUN
YpOBEHb dKcTnpeccuu TeHOB SERK mocTeneHHo CHUKAIOTCS Ha MOCASAYOMNUX CTaIu-
X pa3BUTHs COMATHYECKOro smopuongorenesa [112, 206, 586].

I'ens1 LEC urpator neHTpanbHYIO poib B KOHTPOJIE SMOpUOTEHE3a U KOAUPO-
BaHWU TPAHCKPHUIIIMOHHBIX (DAaKTOPOB. BBIIO yCTaHOBIEHO, YTO SKTOMUYECKAs JKC-
npeccus Tosibko LEC1 u LEC2 nocrarouna ans 3amycka pa3BUTHS SMOpHOHA B Bere-
TATUBHBIX KieTkax [129, 172, 403, 608], npuuem gake B OTCYTCTBUU ayKCHMHOB [129,
403].

I'enst YUC, npoayKThl KOTOPBIX SBIISIIOTCS BaXHBIMU (PepMEHTaMU, y4acTBY-
IONIMMHU B IyTH OnocuHTe3a aykcuHa [402, 403] crumynupyrot aktuBHOCTh LEC2 1
HAKOIUIEHWE AayKCHHA, BBI3BIBAIOIIETO HHAYKLHIO COMAaTUYECKOTO SMOpUOTEHE3a
[328].

I'en WUSCHEL (WUS) - ato homebox-reH, KOTOpbIi KoaupyeT (hakTop TpaH-
CKPUIIIUH, PETYIUPYIOMIUNA Myl CTBOJIOBBIX KJIETOK B allMKAJIBHOW Mepucteme mode-
ra (SAM) B uemuddepenuupoBanHom cocrosHuu [538, 606]. Dxcnpeccus WUS
OrpaHryeHa HeOOJBIION IPYNION KJIETOK B HIDKHEN 4acTH LIEHTPaIbHOM 30HBI SAM;

OJTHAKO OH MOJKET MepelaBaTh CUTHAJIBI Yepe3 KieTouHble cion [538].
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I'en CLV3 (CLAVATA) [643], KOTOpBIii 3KCIPECCUPYETCS B HIDKEICHKAIIUX
KJIETOYHBIX CJIOSX, KOHTPOJIMPYET pa3Mep CTBOJIOBOM KieTkH, mojasisist WUS Ha
TpaHCKpHUMIIMOHHOM ypoBHe [171, 589]. Bruto oOHapyxeHo, uTo pazmep SAM my-
tanToB CLV1, CLV2 u CLV3 yBemmuuBaetcs ¢ skcnpeccueir WUS [112].

[lokazana posib cemeilcTBa TpaHCKPUNIMOHHBIX (akTopoB WOX (WUS
homebox) B perymsiuu >mOproreneza pacrenuii [388, 481, 609, 649]. Ceepxokc-
npeccus rena apabumoncuca PGAG, kotopserit mnentuuen WUS, pe3ko yBenudmBaia
WHUIMAIAI0 COMAaTUYECKOro 3MOpHOreHe3a BO BCEX KYJIBTHUBUPYEMBIX JKCIUIAHTaX
[609]. Zheng ¢ coaBTopamu [135] coobmmman 0 AtWus Kak 0 BO3MOXKHOM KaHIWIaTe
Ha I'eH, CIIOCOOCTBYIOIIUM MEPeX0y HEAMOPUOTEHHOTO KajlTyca B YMOPUOTE€HHBIN BO
BpEeMsI COMaTHYEeCKOro sMOproreHesa y xmomuaTauka (Gossypium hirsutum). Onna-
K0, skcrpeccust WUS koppenupyeT ¢ ypOBHEM IK30T€HHOTO ayKCHHA, PUMEHSIEMO-
ro B cpejie ISl MHAYKIIMU COMaTHYeCKOro SMOPHOUIOTeHe3a y apaObuaoIicuca.

OcHoBHas Macca JaHHBIX O TEHETHUUYECKOW PETYJISIIIUU MPOIECCOB COMAaTHUYe-
CKOTO SMOpHOTeHEe3a MoJyuyeHa Ha ABYJIOJBHBIX PACTEHUSIX, B MEPBYIO OYepeab Ha
Arabidopsis taliana. Jlanubie 00 aHATOTHYHBIX MPOIECCaX Y 371aKOB HE CTOJb MHOT'O-
YHUCIICHHBI M OTPBIBOYHBI. TeMm He MeHee, y mmeHuIsl [195] u Aegilops tauschii [194]
Tak)Ke W30JIMPOBAHBI U OXapaKTepu30BaHbI TeHbl cemeiictBa WOX, urparomue poib
KOOPJIMHATOPOB TPAHCKPUIIIIUU B X0JI€ PAaHHETO YMOPUOTEeHE3a ITUX 3JIAKOB.

benxu GLPs sBastioTcss MapkepamMu IpopacTaHus MOJIOBOro 3apojsima [611] u
YaCTO IKCIPECCUPYIOTCS Ha PAHHUX CTAIUSX MPOPACTAHUS B 3apOBIIIAX MIITECHUIIBI.
["eHbI 3TOM rpyNIIBI OOHAPYKUBAIOTCS B cOMaTHYeCKUX aMOpuonaax [187, 196].

Takum ob6pazom, rernsl LEC u WUS HaziexxHbl C TOUKM 3pEHUSI UX BBICOKOMN
HKCIIPECCUU MPEXKIE BCETO HA paHHEW CTauM KJIETOUYHON MudPepeHInpoBKH, a TaK-
xe sBisitoTca amopuocnenupuuabiMi. SERK MoxkeT ObITh MeHee HaZeXKHBIM MapKe-
POM H3-3a €T0 IKCIPECCUU Ha BCEX CTAAMSIX COMATHYECKOTO dYMOPHOTeHe3a, a TaKkxKe
B HEOMOPHUOTEHHBIX TKaHAX. DyHkIms poaykToB GLP-koaupytonux (GLP) renos B
KauecTBe OEJIKOBBIX MAapKEpPOB TaK € BBICOKA, KAK M AKCIPECCUsI 3TUX I€HOB OCO-
OCHHO Ha CaMBIX PaHHUX CTAJAUSIX COMATUYECKOTO SMOPHOUAOTeHE3a U UX MOXKHO

CUUTAaThb NMOTCHUOWAJIbHBIMHA I'CHHBIMU MAapKEpaMH. OTH T'eHbI 06J'IaI[aI-OT ABYM: IIPpHU-
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3HaKaMH, HEOOXOIUMBIMH (HO HEJIOCTAaTOYHBIMH) JIJIsE TOTO, YTOOBI OBITh KaHAMAATa-
MU B Ka4e€CTBE MapKEPOB: OHU HEOOXOMUMBI JIJI1 MHIYKIIMA COMAaTUYECKOT0 3MOpHO-
reHes3a, a TaKkke OOHapyKHMBalOTCS B TKaHsAX. [lorck MapkepoB cOMaTHUYECKOro 3M-
Opuorenesa npojoinkaercs [420].

B npornecce nenuddepeniripoBku 1 1udPpepeHIMpoOBKH COMATUYECKUX KIle-
TOK, 00€CIeUMBAIOLIUX BOCCTAHOBJICHHE IIEJIOT0 PACTEHHUSI, MOTYT ObITh 3aJ€iCTBO-
BaHBl JMHUTCHETUYCCKUE MEXaHW3MBbI, BEAYIIHUE K MOIYJANNH DKCIPECCUH TEHOB
[442]. UccnenoBanus apabuoricuca BoisiBHIIN posib MUKpOPHK B perynsnuu reHoB
TPaHCKPUIIIMOHHBIX (pakTopoB, Takux kak LEC2, LEC3 u FUS3 B pannem comaru-
yeckoM aMmOpuorenese [441]. Merumuposanue JIHK u pemoaenpoBanre XxpoMaTnHa
Tak)ke ObLIM UJICHTU(UIIMPOBAHBI KaK SMUTCHETUYECKUE MEXAHU3MbI PETYJISIIUN HH-
OYKIIMHM coMaTHaeckoro smopuorenesa [410, 543].

[TockOMbKY CUTHAIMHT ayKCHHA UTPAET KIIOYEBYIO POJIb B MOJIEKYJISIPHOM Me-
XaHU3M€, KOHTPOJIUPYIOIIEM TEPEeX0j] COMATHUYECKUX KJIETOK pacTeHUM K 3MOpHOH-
noreHesy, Oputa mpoananusupoBana skcnpeccus TeHoB AUXIN RESPONSE FACTOR
(ARF) B smOpuorenHoit KyabType apaduzoncuca. VccienoBanue mokasaino, 4ro 14
u3 22 ARF TpanckpuOHpoBaIuCh BO BpeMsi COMaTUYECKOro 3MOpruonaoreHe3a. AHa-
a3 PB-IILP moxkasan, uro skcnpeccus mectu renoB ARF (ARF5, ARF6, ARFS,
ARF10, ARF16 u ARF17) Oblia 3HaYUTEIBHO BBIIIE, TOTAA KaK MSATh JPYTUX T'EHOB
(ARF1, ARF2, ARF3, ARFI11 u ARF18) Obuta CyIIecTBEeHHO MOJaBJICHA y 3KCILIaH-
TOB, 00pPa3yIOIMUX COMATUYECKHUE dSMOPHUOUIBI. DTO CBHUIIECTEIHCTBYET O POJU T'C€HOB
ARF, xoTOpbIE SABISIOTCS KIIOYEBBIMU PETYJIATOPAMU TEepPeaadl CUTHAIOB ayKCHHA,
B COMaTHYECKOM dMOPHUOTCHE3€e B KYJIbTYpe KJIETOK pacTeHui [647].

VY pasHbIX BUAOB PACTCHUW BBISBJIEHbI COTHHU MOCJIENOBATEIILHOCTEW, TPaHC-
KpUOUPYEMBIX B MPOIECCE COMATHUECKOTO0 dMOpPHOTeHe3a WM opraHoreHesa [236,
300, 551]. OgHako HE MHOTO T'€HOB, UTPAIOIINX HEMOCPEIACTBEHHYIO U Ma)KOPHYIO
poJib B MHAYKIMU Mopdorene3a. Cpenu TeHOB, GYHKIIMH KOTOPHIX CBSI3aHBI HMEHHO
¢ paHHMMH dTanamu guddepeHmranum, MoxxHo Ha3BaTh reHsl EMB30/GNOM [308],
Babyboom (BBM) [243, 274] u SEPK [112]. B mociemHee BpeMst peiararoTcs CIo-

COOBI YBCIINYCHUSA pereHepauHOHHoﬁ AKTUBHOCTHU JOKCIINIAHTOB M KaJlIIYCOB IIYTEM
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TpaHchOpMaIlMM  KOHCTPYKIUSMH,  COJAEpKAIIMMH  (DAKTOpbl  TPAHCKPHUIILIUU
Babyboom (Bbm) and Wuschel2 (Wus2), ra3siBacMbIMH MOP(OTEHHBIMH TCHAMH,
HampuMep, B KYJIbType COMAaTHUCCKUX TKaHEH U3 3apoJIbIici KyKypy3sl [629].

B nosnnem smOpuorenese puca BoisiBiieHa uHAynupyemas ABK skcnpeccus
rena OSGH3-2 u3 cemeiictBa GH3, onpenenstomiero ypoBau aykcuaoB u ABK.

brina Beigenena nocnenoBarensHocTh JHK, cnenuduuecku tpanckpubupye-
Masi B MUKpOCTIOpaxX pacTeHHi Tabaka, MHAYIIUPOBAHHBIX K COMAaTHYECKOMY 3MOpHO-
reHe3y XouiojaoBbeIM crpeccoM [619]. [lepBuuHBIi aHAMU3 (YHKIUH HCCICAYEMOTO
reda NtSM10 ¢ momoIpi0 HHAKTUBALIMK AaHTUCMBICIOBOM KOHCTpyKimen (RNA1) mo-
Ka3aJl HEOOXOJAMMOCTh 3TOTO TeHa i OOpa3oBaHMS W Pa3BUTHA IMOPHOUIOB W3
MUKpocnop. beiio usyueHo BnusHue reHa NtSM10 Ha MHAYKLHIO OpraHOTeHE3a y
TkaHel Tabaka [18, 92]. [Ipu cpaBHeHHH MOP(OTEHETHUECKUX pEaKIUil JINHUI Taba-
Ka in Vvitro ycranoswiu, uyto nHaktuBaius reaa NtDCNL BrI3bIBasia ycuiieHHe mooe-
roo0pa3oBaHus U ocialJeHHe PU30TE€HE3a, a BOCCTAHOBJIEHUE pabOThl F'eHa BO3Bpa-
I1aJI0 MIPOIIECCHI OPTaHOTeHEe3a K KOHTPOJIBHOMY YpOBHIO. PazHuIiia MeXIay JTMHUSIMA
IpOSIBIISIACH TOJBKO MPH ONPEACTIEHHOM COOTHOUIEHUH 3K30I'€HHBIX TOPMOHAJIBHBIX
100aBOK.

Meronom nonumepazHoi uenHo peakuuu (IILP) B coueranuu ¢ obpatHOi
TpaHCKpUMIMEeH OblT OOHApYX eH TeH-KaHauaar, o6o3HaueHHbiil kak TaCAT1, koro-
pBIN KOAMPYET KaTana3y W CYHIECTBEHHO KOPPEIHPYeT C MPU3HAKOM BBICOKOW pere-
HEPAIMOHHOW CITOCOOHOCTH HE3penbiX 3apojbiiiei mmeHubl [260]. YcraHosaeHo,
YTO MEX]y COpPTaMH MIIEHUIIbI C BHICOKOW M HU3KON pereHepanmoHHON CrocOOHO-
CTBIO Pa3NINYMsl 0 TAHHOMY O€IIKY 3aKII0YaINCh B TPEX aMUHOKHCIOTHBIX 3aMECHAX.

Jis peryyisiuu SKCIPECCHH LIETIEBBIX TE€HOB, AETEPMUHHUPYIOMIMX dTalbl COMa-
THYECKOr0 dMOMOMIOTeHe3a mpeaiaraeTcess ucnoin3oBath MUkpoPHK [567]. decsts
MukpoPHK u ux rensi-muiienn ObUTH U3y49E€HBI B KYJIbTYPE COMATHYECKUX KAJLTyCOB
amenbCMHA Ha dTamax comarmueckoro smOpuommoreHesa. [lockombky MukpoPHK
JNEUCTBYIOT MyTEM MOJABIEHUSI AKCIPECCUM MUIIEHEH, OKUIAINCh B3aUMHbIE MaT-
TepHbI 3Kkcnpeccun Mexay MUKpoPHK u mumienssmu. B O0nbIIMHCTBE Cily4aeB TEH-

ACHIMHU OJOKCIIPECCCUU MHIIEHEH OBUIM TOYHO ITPOTUBOIIOJIOKHBEI TCHACHIMAM OKC-
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npeccun MUKpoPHK, HO MHOrjma onu kazanuch HeperyisapHsiMu. MukpoPHK cno-
COOHBI HE TOJBKO HANpaBJATh pacuierieHue muimenn MUKpoPHK, Ho Takxke cro-
COOHBI OMOCPENOBaTh TPAHCIALMOHHYIO pernpeccuio uiu MetuiaupoBanue JIHK.
Kpome Toro, BeposiTHO, CyIIECTBYIOT HEH3BECTHBIE (DaKTOPHI, YUaCTBYIOLIUE B CH-
creme B3aumozeicTBusi MUKpoPHK—Mumenu. boeimu o6HapyXxeHbl HEKOTOpPbhIE MUK-
poPHK, xapakrepHsbie 17151 onpeieIeHHbIX 3TallOB COMaTUYECKOr0 SMOPHOUIOTEHE3A.
Sinha ¢ coaBTopamu [560] Ha OCHOBaHHMM CBOMX HMCCIICAOBAHUIN MPEIJIArat0T HCIIOTb-
30Bath MiR167d-5p nnsi ckpuHHMHTa pereHepalmoHHON CIIOCOOHOCTH KaJLTyCOB pas-
JIMYHBIX T€HOTHUIIOB puca. OHM ycTaHOBWIH, yTO 3Kcnpeccus nanHo PHK B 30 pas
BBIIIIE B KAJTyCaX, COJEPKAIIMX 30HbI PEreHepaluu, 0 CPaBHEHUIO ¢ HEMOP(dOreH-
HBIMU KaJUTyCaMH.

BbII0 BBISBIIEHO, YTO MHOKECTBO SIAEPHBIX M LUTOIUIA3MAaTUYECKUX T'€HOB y
Pa3IMYHBIX KYJIbTYp MOXET OKa3bIBaTh BIMSHHE Ha CIOCOOHOCTH TKaHEH K Mopdo-
reHe3y B KyJbType TKaHe# In vitro [321]. Taxke Oblia ycTaHOBJICHA JIOKATU3AIHSI
AJIEPHBIX T'€HOB Ha XpPOMOCOMAaX, OOHApyXEHbl PEUUIPOKHBIA U TeTEPO3UCHBIA (-
dbextor y rubpumos F1 [49, 101, 379, 380, 426]. IIpu 3TOM 0TMEUYAIOCh, YTO JaHHBIE
I'€HbI HE SIBJIAIOTCS COOCTBEHHO «T'€HAMHM KYJbTYpPbl TKaHEW».

B cenexunoHHOM WM CEMEHOBOAYECKONW paboTe BHIOOP T€HOTUIIOB OCYLIECTB-
JSI€TCS IO arpOHOMUYECKUM KPUTEPHUSM, 4 HE HA OCHOBE COBMECTUMOCTH C HCIIOJb-
3yeMbIM METOJOM KyJIbTUBHUPOBaHUS TKaHel. Mcronb30BaHue CrielMaIbHBIX T€HETH-
YECKUX CHCTEM, CIOCOOHBIX OKa3aTh MOJOKUTEJIBHOE BIUSHUE Ha MOp(doreHes B
KyJIbTYpE COMATHUYECKUX TKAHEW WM MpU TaruionpoayKUWU, TPHUBEAET K yBeIude-
HUIO BPEMEHHM CO3/IaHMsl COpTa W TOBBIIEHHIO 3arpaT. IlosTomy 1ieHHO 3apaHee
3HATh PEAKIIMIO CEJICKITMOHHBIX JTUHUN M COPTOB HAa BO3ZMOXXHOCTh OMOTEXHOIOTHYE-
CKHUX MaHUMIYJISAIUN B KyabType In Vitro. C 3Toi TOYKHM 3peHHs Ba)KHO YCTaHOBHTD
BIUSIHAE HAa MOP(GOTCHE3 OCHOBHBIX TEHETHUYECKHUX CHCTEM, JETEPMUHHUPYIOIINX
IIEHHbIE arPOHOMHYECKHE CBOMCTBA M 00JIaalomue YeTKUM (PEHOTHUITHIECKUM TPO-
apieHueM. CBENEHUN O BIIMSIHUM UHAUBUYyaJIbHbIX T€HOB Ha MPOSBICHUE TOTHUIIO-
TEHTHOCTH KJIETOK IN VItro y 0ObEKTOB ¢ TPYAHOH pereHepalyeid, K KOTOpbIM OTHO-

CATCA 3J1aKH, HEAOCTATOYHO. I[J'ISI OIpCACIICHMA Bq)(i)GKTOB I'CHOB H€O6XOI[I/IMO co3aa-
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HUE TeHETHUYECKUX MOJeNel, BKIIOYAIOIIUX B ce0sl M30TCHHbBIC JIWHUY, T/I€ U3BECTHA
(byHKIIMOHATBHAS CBA3b MEXIY SKCIIPECCHEN TeHa U ero (PeHOTUMHYECKUM IpOosBIIe-
HUEM.

Annenmn rena RG3C, RG7H u RG8F mukoro poactBeHHMKa Tomara Solanum
pennellii, ciocoOHBIE CYIIECTBEHHO MOBBICUTH dPPEKTUBHOCTH (HOPMUPOBAHMSI T10-
OeroB M KOpHEHW B KAJUTyCHOUM TKaHH, ObUTH TIEPEHECEHBI C TIOMOIIBIO TeHETHIECKON
TpaHcopmarmu B KyJbTypHBIH ToMat (Solanum lycopersicum) u co3maHbl TOYTH
n3orennsie auHUU [302]. YcTaHOBICHO, YTO JaHHBIC AJUICTU CTUMYJIHPOBAIA MOP-
¢dorenes, B TOM 4yucie 00pa3oBaHUE MOYEK U KOPHEH B KAJUTyCaX MOYTHU M30TE€HHBIX
auaui. [Ipu stom, amnenu RY7H u Rg8F He nHaynmpoBanu yCHIEHHOTO BETBICHUS,
YTO OTKPBIBAET BO3MOXHOCTD JJIsl BHIBEJACHUSI COPTOB U THOPUIOB TOMATOB C yIyd-
IICHHOW CIOCOOHOCTBIO K pereHepanuu in Vitr0 u mpou3BOJICTBY TPAHCTCHHBIX pac-
TEHUIN 0e3 HEeXKEeNaTeIbHOTO M3MEHEHUs apXUTEKTOHMKH pacTeHuid. IIpenBapurens-
Hasl OIIEHKA arpOHOMMYECKUX MPU3HAKOB, [10KA3aJa, YTO OHU HE NMPUBEAYT K CHUXKE-
HUIO YPOXXAIHOCTH B TIOJIEBBIX YCIOBUSAX MPH BBEICHWU B KOMMEPUECKHE COpPTa WU
rubpust [302].

[Tporteccyl MHAYKIIMKM KaJUTyCOTeHe3a M3ydaldd y M30TEHHBIX IO TeHaMm KOH-
tposis Tuna Vrn u temnoB Ppd pa3Butus auHUNA 03UMON MSATKOW mieHus! (Triticum
aestivum L.) B renoturnie copra Muponosckas 808 [2]. M3onuauu Vrn Bla u Ppd
Bla orcraBamu mo TeMmmam pocta Ha ypoBHE IN VIVO, HO MPOSBISUIA MaKCHMAabHbIE
TIOKa3aTelId 4acTOThl (DOPMHUPOBAHUSI KAJTyca M CKOPOCTH €ro pocTa B YCIOBHUSX IN
vitro.

[TonoxxutenbHas posib reHoB Rht, pacnonoxxeHHBIX Ha Xpomocome 4B, B pery-
JSUU MOpgoreHe3a MIISHUIIBI B KyJIbType KJIETOK U TKaHel OTMeYalics B CBSI3U C UX
BIMSHUEM Ha MeTaboau3M ropmonoB (Hermsen, 1963, nutupoBano mo 426, 428].
Brnusaue Rht-reHOB Ha pereHepaiuio B KyJIbType HE3PENbIX 3apOJIbIIIeH TaKkKe H30-
reuubix mo Rht-remam nuuuii B reHodone copra HoBocuOupckas 67 oOHapyKuin
Owmenbsauyk H. A. u I'BozneB A. B. [70]. ITo ux manubeiM, rer Rht-D1b oGmagaer
OOJBIINM MOJOKUTENBbHBIM 3((HEKTOM M0 MPU3HAKY CTIIOCOOHOCTU K pereHepanuu, a

TaK)Ke 10 CIIOCOOHOCTH K 00pa30BaHHIO MAaCCHPYEMBIX KautycoB, yeM ren Rht-Blc.
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V3ydyeHne M30TCHHBIX JUHUH, Hecymux apyrue reusl (Lr-Tr, Pm4b, Pm, bl, HQ) u
couetanus renoB (B1Hd, Q, Ppd1Ppd2Ppd3) He BEISBHIIO MPSAMBIX KOPPEISIIAIA HX C
pereHepaloHHON CIOCOOHOCTHIO KauTycoB. [lo3qHee nMu ObUIO OOHAPYKEHO BIHUS-
HUE TeHa, KOHTPOJIUPYIOIIETO OMyIEeHHOCTh JTHCTheB [504].

B ®I'bOY BO BaBwioBCKHI YHUBEPCUTET HMPOBOJWINCH MCCIECIOBAHUS 10
U3yUYCHHUIO BJIMSHUS T€HOB KOPOTKOCTEeOeNbHOCTH cucTeMbl Rht Ha mopdorenes B
KYJIbTYpE COMAaTHYCCKUX TKAaHCH M aHJIPOKIMHUIO MATKOH W TBEp IO ImmieHHIbI [95].
C »TOl 11eIBI0 TPOBOJUTCSI CKPUHUHT HA0Opa M30TE€HHBIX CECTPUHCKUX JTUHUH, allb-
TEPHATHUBHBIX IO IreHaM KopoTkocteOenbHOCcTH Rht-Bi1b, Rht-Blc, Rht-14, s1, Q B
KYJIBTYp€ TMBUIbHUKOB U COMAaTHYECKUX TKaHeH IN VItro MArkoi u TBepa0H MIICHHUIIBI.

B kynabType mbUIbHHKOB N Vitro [614] monapHoe cpaBHEHHE JIMHUM, copepika-
IIIUX TE€HBI KOPOTKOCTEOEITHHOCTH, M UX BBICOKOPOCIHBIX CHOOB IMOKA3aJi0, 9TO CPEIn
B3STHIX B U3YUCHHE JIMHUM BO BCE TOJIbl U3YUYEHUS JOCTOBEPHOE MPEBBIIICHUE U3y4a-
eMBIX MMOoKa3aTeliei oTMeuanoch y JuHui ¢ renamu Rht-B1lc u Q. ¥V nuuum ¢ rerom sl
OTMEYaJIOCh CHIDKEHHE BBIXOJla MOP(OTEHHBIX MBUILHUKOB W HOBOOOpa3oBaHWi. B
TO K€ BpEMsi, CpaBHUTEIIbHOE M3ydeHue BiusHuUs reHa Rht-B1lb Ha sTamnbl KynbTuBH-
pPOBaHUS MBIILHUKOB TPEX COPTOB TBEPOW MIICHUIIBI MTOKA3aJI0 TOCTOBEPHOE CHU-
xeHrue 3 (HEKTUBHOCTH KyIbTUBHPOBAHUS TAIUIOUIHBIX CTPYKTYP B TeHO(OHE TBYX
U3 HUX.

B xymeType comarmueckux Tkaneil [615] BeisBiensl rersl Rht-B1lc u Rhtl4,
o0J1aaroIye CHIBHBIM ITOJIOKUATEIBbHBIM d(PekToM Ha GopMupoBaHre MOPQOTeH-
HBIX KaJTyCOB U COXPaHCHHUE PEreHEPAIIMOHHON CIIOCOOHOCTH B MPOIIECCE MACCUPO-
BaHwus. [Ipu 3ToM Tensl S1 u Q TOCTOBEPHO TOPMO3HIN MOP(POTSHETHIECKHE MPOIIEC-
cbl B kamtycax. ['en Rht-B1lb taxxe cumkan s (dhekTuBHOCTD 3aKiIaJkk MEpHCTEMa-
TUYECKHUX OYaroB M pereHepariy pacTeHUHN.

JIoCTOBEPHBIN MOJOKUTETBHBIN 2PHEKT Ha MPOIECCHl KAJLUTyCOTreHe3a U pere-
HepalMy Ha Cpeae Uil MHUIMAIMKA B KYJIbType TKaHeid IN VItro oTMedeH y JTUHHMA
I0JICOJTHEYHHMKA, HECYIIUX IeHbl KOpoTKocTeOeapHocT dwl, dw3, dwb, dw6, dw7 u

dw10 [59], a Takke reHbl, CBSI3aHHBIC C OKPACKOW S3BIYKOBBIX JICTIECTKOB Pa, la u |

[62].
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HccnenoBaHue T€HOB BEJM HE TOJIBKO C TOYKHM 3PEHUS] UX BIMSHUS Ha Hapa-
METPBI KYJIbTUBUPOBAHUS KJIETOK M TKaHEH MIIEHHIBI iN VItro, HO U Takxke Ha OHo-
XAMHUYECKHE MPOIIECCHI, COMPSDKEHHBIE ¢ MOP(O-aHATOMUYECKIUMHU sIBIeHUsIMH [95].
CosmectHO ¢ yuensiMu UBOPM OUIL] CHIl PAH meromom mMmyHO(dEpMEHTHOTO
aHaJin3a ObUIa YCTaHOBJIEHA CBA3b MEXIY MOP(OreHETUYECKUMU MIPOLIeCcCaMu B KaJl-
Jyce U HAKOIUIEHHEM MOJIEKYJSIPHOTO MapKepa MEpUCTEMATHYECKUX KJIETOK — Ipo-
mudeparuBHOTO aHTHreHa wHunmanei (ITAN) [7, 25, 86]. YcraHnosieHo, 4To Kiie-
TOYHBIC KYJIbTYpbl, Hecymue reH Rht-Blc, nakammmsator [TAU mHTEHCHBHEE, 4TO
OTpaXkaeT MOBBIIICHHYI0 MOP(OreHETHYECKYI0 aKTUBHOCTh 3TUX JUHUK. Kpome To-
ro, OblIa yCTaHOBJIEHA OO0IIasi 3aKOHOMEPHOCTh NUHAMHKHU cojaepxanus [IAU B co-
MAaTUYECKUX KaJUTyCax MIICHMIIBI, 3aKIF0YANIascs B CHUKEHUN YPOBHS €r0 CoJep-
YKaHUsS B MPOLECCE KAaJUTyCOT€HE3a U MOBBIIICHUH YPOBHA €ro COJIep KaHusl MpU BTO-
pu4HON audQepeHInanuy KIeToK 10 ONpPEIeJICHHOI0 MaKCUMalbHOIO YpPOBHS B

npoliecce pereHepannuy pacTeHUuN.

1.6 buosioruveckne pakTopbl peryJasiiuu MopgoreHe3a B KyJbType KJIETOK U

TKaHeil pacTeHmii in vitro

1.6.1 PuzocdepHbie pocT-cTUMYJIUPYIOIIHE OAKTEPUU U UX BJIUSIHUE
Ha pacTeHusi

CormpsikeHHOE Pa3BUTHE MUKPOOHMOJIOTHH, (PU3MONOTHN U OUOXMMHHU pacTe-
HUM, B TOM YHUCJIE€ B paMKaX CEJIbCKOXO3SIMCTBEHHON OMOTEXHOJIOTHUU MPUBENO K IM0-
HUMaHHUIO pacTeHHs KakK roJlo0MoHTHOM cucteMbl [315, 597]. Pactenus TecHo cBs3a-
Hbl ¢ MUKpOOpranu3Mamu. [IpakTudecku HEBO3MOKHO BBIJCIUTHh OPTaH WA TKaHb
pacTeHus, KOTOpbIe He HaXOAMIUCH Obl B KOHTAKTE ¢ OAKTEPUSIMH WIIH TPUOAMH. ITO
MO3BOJIMJIO MHOTHM aBTOpaM TOBOPHUTH O «MHUKpoOHOMe xo3simHa» [620], «BTOpOM
reHome» [626] u xapakrepu30BaTh pacTeHHUs Kak cynepopranusmbl [435], meTaopra-

HU3MbI [626] i manrenomsl [620], 1 gake TOBOPHUTH O «pacIIUPEHHBIX (HEHOTH-

nax» [430].
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bakTepun B3auMOJEUCTBYIOT C PACTEHUSIMH Ha MPOTSKEHUU BCEH HBOJIOIUU
[597]. B3aumoneiicTBus OakTepuil ¢ pacTEHHEM-XO3SIMHOM KJIACCUPUIMPYIOTCS Kak
KOMMEHCAJIUCTCKHE, MYyTyaJIHMCTHYCCKHe W aHTaronuctuueckwe [272, 353, 501].
Haunbonpmuii KOHTaKT pacTeHUN ¢ OaKTEepUSIMH MPOUCXOIUT B KOPHEBOH 30HE, HO
TaK)kK€ OHM MOTYT MPOHUKATh B PACTEHUS Yepe3 JUCThs, IBEThI, CTEOIN U CEMSI0IIH,
Y KOJIOHU3UPOBATh Bce pacTeHue [273]. bakTepuu MOryT nepenaBaThCs yepe3 ceMeHa
WIH BereTaTHBHBIC opraHbl [484].

OHJIO0(PUTHBIE MUKPOOPTIaHU3MBI JKUBYT Ha NPOTSHKEHUHM BCErO >KU3HEHHOIO
[IUKJIA WU YaCTH JKU3HEHHOTO IMKJIA B KUBOW TKAHWU PACTEHUS, HE BBI3BIBAS CHUMII-
TOMOB 3a0oseBanus [646]. HekoTopbie 3HT0DUTHI 0UeHb CIeNUUIHBI ISl TCHOTHIIA
XO035MHA, HO y IPpyruX 0ojiee MIMPOKUIN CIEKTP MOTSHIIMAIBHBIX X03s1eB [533]. DHuo-
(UTHI MOTYT OKa3bIBATh MOJOXKUTEIBHOE JEHCTBHUE HA PACTEHUA 3a CUET Pa3IMYHBIX
MEXaHHU3MOB. BBIAENAIOT TpU HANpaBJIEHUS MOJOKUTEIBHOIO BO3EHCTBUS SHI0DU-
TOB Ha PAacTEHHUA: YJIYyYIICHHUE YCIOBUW MUTaHUs (230TO(UKCAIMS, OBBIIICHUE J10-
CTyNHOCTU (hochopa U MUKPORJIEMEHTOB), CUHTE3 CTUMYJISITOPOB pocTa (TOPMOHOB,
(epMEHTOB U APYTUX OPraHUYECKUX COCAMHEHMI), TIOJaBJICHUE MAaTOT€HOB (TPOM3-
BOJCTBO CHIEPOPOPOB, aHTUOMOTUKOB, (PEPMEHTOB, MOBBIIIIEHUE CUCTEMHOM YCTOM-
yuBOCTH pactenuii) [509].

Baxuenmmii MexaHu3M BO3IAEHCTBUSI MUKPOOPTAHU3MOB 3aKJIFOYAECTCA B CHUH-
T€3¢ TOPMOHOB, CTUMYJIHUPYIOIUX Mopdorenes pacrenmii [529, 439]. AykcuHBI, KO-
TOpbIE BbIPaOaTHIBAIOTCSI MHOTUMHU OaKTEPHUSIMH, BIUSIOT Ha pa3BUTHE KOPHEBOU CH-
CTEMBI, TEM CaMbIM YCHJIMBAsI TIOTJIONICHUE MUTATEIHHBIX BEIIECTB M BOJBI U3 MOYBBI
[485]. LIuTOKMHKMHBI MPOAJICBAIOT IEPHUOA CITOCOOHOCTH JIMCTHEB aCCUMUIMPOBATh,
yBEJIMYUBAsE KOJUYECTBO MPOIYKTOB (POTOCHHTE3Q, M 3aMEUIAl0T PACTUTEIbHbBIE IU-
TOKMHHHBI, TepsieMble B ycioBusax 3acyxu [213]. BakrepuaibHbie THOOEpEIUTHHEI
HOJIIEP)KUBAIOT POCT dJtoHTraruen [169], a ypoBeHb 3THICHA MOXKET OBITH YMEHBIIICH
C TIOMOIIBIO OaKTepuanbHOM JAe3aMUHa3bl |-aMUHOLMKIIONpOoNaH-1-kapOokcuiara
(ACC), uTo cHMXKaeT BOCIPUUMYHUBOCTh pacTeHuit k crpeccy [493, 544].

3amuTa 0T aOMOTUYECKOTO CTpecca MOXKET ObITh BbI3BaHA BO3JICHCTBHEM Be-

HIECTB, KOTOPble MOJUDUIMPYIOT pPEeaKIMu Ha CTPECC WM CTUMYJIHUPYIOT pacTeHUE
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aKTUBHPOBATH META0OJIMYECKHE PEAKIINH, CBI3aHHBIE C TOJEPAHTHOCTHIO K CTPECCY,
TaKWe KaK OCMOIIPOTEKTOPHI, HAlpuMep, TMUIuH-OetanH wiu nponuH [230, 536,
604]. Tlpumepom OakTepuii, KOTOPbIE MOTYT MOBBIIIATH TOJEPAHTHOCTh PACTCHHUN K
cTpeccy 3acyXu W 3acoieHus MoryT ciayxuth  Azospirillum  brasilense,
Achromobacter piechaudii, Achromobacter xylosoxidans, Bacillus megaterium,
Bacillus safensis, Variovorax paradoxus u Pseudomonas polymyxa, Pseudomonas
oryzihabitans [11, 140, 255, 277, 530, 536]. DugoduTHBIC OaKTEPUU MOTYT TAKKE
y4acTBOBaTh B 3alIUTE (DOTOCUCTEMBI PACTEHUN OT IKCTPEMAIILHBIX YCIOBUN OKpY-
YKAIOIIEH Cpebl TOCPEACTBOM aKTUBAIIMM TOPMOHO3aBUCHUMON CHCTEMBI U YIydIlle-
HUS TPAHCIIOpTA JIEKTPOHOB [514].

N3BecTHa crTOCOOHOCTH PHAOMDUTHBIX MUKPOOPTAHU3MOB 3aIlIUIATh PACTEHUS
OT BO3JICHCTBHS MATOTCHHBIX MHUKPOOPTAHW3MOB 3a CUET MPSMOTO BO3ACHCTBUS Ha
NATOrCHBI, a TAK)KEe CTUMYJIMPOBAHMS 3aIUTHBIX CHCTEM pacTeHui-xo3sieB [3, 297,
362, 570, 602].

MukpoopraHu3Mbpl MOTYT 3aCelisATh pa3JMYHBIE OpTraHbl pAcTEHUH, HO
HaWOOJIBIIIUN MHTEPEC MPEACTABISAIOT OaKTEepuH, OOMTAIONIME HAa TTOBEPXHOCTH U B
TKaHsAxX KopHel. Hacenstomue puzochepy u pusoriany 0akTepuu oOpa3yroT ¢ KOop-
HEBOM CHUCTEMOM pacTEHUM MPOYHBIC acCcolUalMU U (HOPMUPYIOT cHelnUuPUIECKUe
pusochepHbie OakTepuaibHble cooliecTBa. Takue B3aUMOOTHOIICHUSI XapaKTepH-
3YIOTCSI TEPMUHAMH «aCCOITMATUBHBIC OAKTEPHHY, «aCCOIMATUBHBIC B3aUMOOTHOIIIE-
HUS», «aCCOLMATUBHBIN cumOno3» [98, 148, 233]. B ornuunnu OT CHUMOHMOTHYECKUX
OakTepuii 0000BBIX PACTEHUM, aCCOIIMATUBHBIC pU30CPEepHbIC OAKTEPUU HE 00Pa3yIOT
cnenupUIecKnX CTPYKTYp Ha KOpPHSAX. B KadyecTBe acCOIMAHTOB MOTYT BBICTYIATh
NpeJCTaBUTENIN  pa3IMyHBIX  poaoB  Oaktepuit:  Azospirillum,  Azotobacter,
Agrobacteerium,  Acetobacter, Klebsiella, Enterobacter, Flavobacterium,
Pseudomonas, Bacillus, Clostridium, Xantomonas, Achromobacter,
Chryseobacterium, Burkholderiau ap. [75, 197, 228, 281, 283, 371, 389, 440, 546,
607]. Pusocdepnbie OakTepuu, 00JIagaroKe COBOKYIMHOCThIO MOJE3HbIX IS pacTe-
HUM cBocTB, moyuryii HazBaHue PGPR (ot Plant Growth Promoting Rhizobacteria

— pu300aKkTepuu, crocoocTBytomme pocty pacrenunii) [343, 390, 452]. ITonoxurens-
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HOE JICHCTBHE PU30CPEPHBIX ACCOIMATUBHBIX a30THUKCUPYIOMNX OaKTepHii Ha pac-
TEHUS! OCHOBAHO Ha KOMIUJIEKCE B3aMMOCBS3aHHBIX CBOMCTB: a30T(HUKCAlLIMH, BbIIEIe-
HUM (DU3MOJIOTUYECKH aKTHBHBIX BEIIECTB CTHUMYJISTOPOB POCTA, aHTAaroOHU3ME TI0
OTHOIIICHUIO K (puTOnmaToreHHBIM Ipubam u Oakrepusim [38, 97, 145, 180, 249, 330,
382, 593]. [Tone3nsie cBOiCTBA pru3ochepHBIX OAKTEpU U MEXaHHU3MbI UX BIUSHUS
OJIPOOHO PACCMOTPEHBI B psiZie 0030pOB M KHUT OTEYECTBEHHBIX U 3apyOe)KHBIX aB-
Topos [16, 277, 330, 374, 397, 466, 488, 492, 500, 523, 604, 636, 652].

O PEeKTUBHOCTD PACTUTEITHHO-MUKPOOHBIX B3aUMOJICHCTBHIA 3aBHCHT OT MHO-
KecTBa ()aKTOPOB, B TOM YHCJIC OT TCHOTHIIA PACTCHHSI-X035IMHA, YCIOBHA HMHOKYJIS-
UK U OKpYyXaromieit cpenbl [246, 256, 545], a Taxke B3aMMOACHCTBUS MHKPOACCO-
IIMAHTOB Pa3HBIX BHJIOB MEX1y co0oii [241, 558].

bakrepun poma Azospirillum sBisStOTCS TpaMOTPUIIATEIBHBIME THA30TPODHBI-
MU pU300aKTepUsIMU. BONBIIMHCTBO BUOB a30CTHPHIUIBI BBIICICHO U3 PH30C(EphI
3JaKOBBIX TpaB, puca, MIICHHUIBI M caxapHoro TpoctHuka [144, 153, 306, 350]. B
HacTosmee Bpems onucano 17 sumoB Azospirillum, u3 xotopeix A. baldaniorum (mo
2020 roma A.  brasilense) wu A. lipoferum  Hambonee = U3yUYECHBI
(http://www.bacterio.net/azospirillum.html). OcHoBHBIM BHemHHM 3P ¢HEKTOM BO3-
nevicrBust Azospirillum Ha pacTeHus sIBJIIETCS yBETUYEHUE JJTMHBI U KOJMUYECTBa 00-
KOBBIX M TIPHJATOYHBIX KOPHEH W YIJIMHEHUE KOPHEBBIX BOJOCKOB, YTO ITO3BOJISICT
PacTeHHIO YBEIMYUTh MOTPEOJICHUE BOABI U MUHEpaibHBIX Bemect [109, 140, 151].
Azospirillum moMoraroT pacTeHHSIM BBDKHBATh B CTPECCOBBIX CHTYyaIHMsX OJaromapst
U3MCHCHHUSM B KJICTOUYHON CTCHKE, KOPPEKIIMM OCMOTHYECKOTO IMOTEHIINAJIa M BhIpa-
ootke cneruduueckux Bemecte [20, 88, 115, 121, 212, 312, 548]. Ouu Ttaxxke
YYaCTBYIOT B KOHKYPEHTHOM OHMOPETryJIMPOBAaHUU MUKPOOHBIX aCCOIMAIMNA B TOYBE
[546]. Kpome Toro, azocnupuiuibl 3¢GGeKTHBHO (HUKCHPYIOT aTMOC(hEpHBIH a3oT,
CIIOCOOCTBYIOT TOBBIIMICHUIO JTOCTYIMHOCTU IS pacTeHui ¢docdopa, CUHTEIUPYIOT
BCE KJIACChl TOPMOHOB — CTUMYJSATOPOB pocta [252, 590], a Takke CTUMYIHPYIOT
UMMYHHBIC OTBETHI pacTeHuil [617], 4TO B 1EI0M MO3BOJISET OTHECTH UX K 3 ek-
TUBHBIM POCT-CTUMYJUPYIONUM pu3oOakTepusim [142]. BzaummopeiicTBue azocmu-

puil € paCTCHUSAMH B IPOLHECCE CO3AAHUA paCTHTeJIBHO-MI/IKpO6H0ﬁ acconranu
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OCYIIECTBIICTCS C MOMOIIBIO KOMIIOHCHTOB KJICTOYHOM CTCHKH OakTepuii: Quare-
JMHOB TOJIIpHOTO JKrytuka [334], kamcynbHbBIX monmcaxapuaoB [494], nexTHHOB
[141], sx3onmonucaxapuaos (DIIC) [143] u nunononucaxapumos (JIIIC) [339, 574],
OpUYEM TOCICTHHE ONMPEACIISIIOT HMMYHOCTICIIM(PUIHOCTh OaKTEPUATbHOM KIETKH H,
TaKUM 00pa3oM YYacTBYIOT B HEIOCPEJACTBEHHOM B3aWMOJICHCTBHU C PACTCHUSIMH.
Azospirillum akTuBHO MPUMEHSIOTCS IS MPOU3BOJCTBA OMOYIOOPEHHI M CIIOCOO-
CTBYIOT IOBBIIICHUIO YPOXKAWHOCTH 3€pHOBBIX [142] U Apyrux CENbCKOXO3SHCTBEH-
HBIX KyIbTyp [254, 489].

[Tornmanne BO3MOKHOCTEN MONMOXKUTEIbHOr0 Bo3aercTeug PGPR ma cenb-
CKOXO3SIICTBEHHBIEC PACTCHHSI MPHBEIIO K MX IMPUMCHEHUIO B KaUeCTBE OHOY100peHMIA
[122, 475, 482, 500] u O6uonectuiuaoB [570] mms ycTOMYHUBOrO CEIBCKOTO XO3sii-
cTBa. B Hacrosmee Bpems HaOIro1aeTcsl Bce 00JIee MMPOKOe KOMMEPUECKOE TTPHMe-
HeHue Ouoynobpenuii Ha ocHoBe PGPR, oco6eHHO B cBeTe pa3BUTHS SKOJIOTHYECKO-
ro (OPraHu4YecKOro) M MOYBOOXPAHHOTO 3emienenus. [loBeimieHre 3GPEKTHBHOCTH
aCCOI[MaTHBHOTO B3aUMOJICHCTBHS BEAETCS B TOM YHCJIC C MCIOJIH30BAHHEM CEJEK-

IIMOHHBIX MeTo10B [94].

1.6.2 TlpumeneHue pusocepHbIX OaKTePHii A5l CTUMYJIUPOBaHUS Mop(oreHesa
B KYJbTYpe COMATHYECKHUX KAJJIyCOB IN VItro

Metoxa KyabTypbl KJIETOK, TKAHEH W OpraHoOB pacTeHui In Vitro ompenersiercs,
KaK BBIPAILMBAHUE OTAEIBHBIX KIETOK, a TAK)KE TKAHEH U OPraHOB HA HCKYCCTBEHHOM
MUTATEIBHOM Cpejie B acenTuieckux ycioBusx. [12, 37]. Macca ycumnuii puKiiaab-
BaeTCs UCCIEN0BATENSAMU JJI MOJIYYEHUS! KYJIbTYp CBOOOJHBIX OT JIFOOBIX BHIOB JH-
JOTEHHOM W 3K30reHHON MuKpoduopsl [1, 12, 405]. CraparoTcs 0CBOOOAMTHCS HE
TOJIBKO OT aKTUBHO PACTYyIIUX I'PUOOB U OAKTEPHM, KOHTAMUHUPYIOUIUX KYJIbTypy U
MUTATEIBHYIO CPETy, HO M OT JIATEHTHBIX (CKPBITHIX, SHIO(DUTHBIX) MHUKPOOPTAHU3-
MOB [41], B TOM 4mCIe TaKuUX, IPUCYTCTBUE KOTOPBIX MOXHO YCTAHOBHUTH TOJILKO Ha
ocHOBe mMMyHoJorndeckoro win ITI[P-ananuza [450]. ®duToToKCcHUeCcKOe BIHSHHE
KOHTaMHUHHUPYIOIIUX MHUKPOOPraHM3MOB XOPOILIO HM3BECTHO: OHM MOTYT BBIAEISTH

TOKCHHBI, UBMCHATH pH Cp€Aabl, BbI3bIBATb HCTATHUBHBIC UMMYHHBIC PCAKIIMKU U IIPOCTO
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KOHKYPHPOBaTh 3a 31eMeHThl nutanus [184]. BeposTHO, mo3ToMy, OHOJIOrHYECKUE
areHTHI, TAKUE KaK YKMBBIC BOJOPOCIIH, OAKTEPHH WIIM TPHOBI, TOPA3/I0 PEKE HCIIONb-
3YIOTCSI B KYJIBType KJICTOK M TKaHEH pacTeHui IN VItro kak (akTopsl perysisiuu
MopdoreHesa.

Tem He Mmenee, B mocnenHeil yerBeptu 20 Beka ObLI MpOBENEH psia padoT,
HaTPaBICHHBIX HA CO3/IaHUE aCCOIMAIMA MEXIY KYJIbTUBUPYEMBIMH PACTHUTCIbHBI-
MU KJICTKaMH WM H30JUPOBAHHBIMH MPOTOILIACTAMH W MHKPOOpPraHU3MaMHu. JTOT
MIOJIXOJ] paccCMaTpPUBAJICS TEPBOHAYAIBHO, KaK OJHWH W3 BApUAHTOB MOIU(DUKAINN
pacTUTEIBHBIX KJICTOK MJIU IENbIX pacTeHuid. [Ipeamoaraiocs, 9To B3auMOICHCTBHS
COCTaBJISIONIUX KJIETOK B CMEIIAHHBIX KYJbTypaX MOTYT COXPAHSATHCS B PACTCHUSX,
pPETeHEePUPOBAHHBIX M3 ACCOIIMATUBHBIX CHUCTEM, M Ha 3TOW OCHOBE MOTYT OBIThH IO-
JYYCHBI YIYUIICHHBIC CEIbCKOXO3SHCTBEHHBIC PACTCHHUS, B TOM YHCJIC HEOOOOBBIC
pactenusi, cnocoOHble K aszordukcaimu [367]. Accoumamuu ¢ Rhizobium,
Azotobacter u Spirillum GbLTH MTONTyYeHBI ¢ 6000BBIMHU (TOPOX, BUTHA, COS) U HE000O-
BBIMH pacTeHUsIMHU (Tabak, MOPKOBb, caXapHbIii TpocTHHK) [182, 199, 280, 159, 165,
591]. Beutu caenaHbl MOMBITKA WHOKYJISILIMKA PACTHTEIBHBIX KYJIbTYpP I[HAHOOAKTEPH-
SIMH, XJIOPEJUTON U ApyruMu Bogopocismu [34, 61, 77, 170].

Pereneparust pacTeHHI I M3 aCCOIMATHBHBIX KYJIbTYp B MEPBBIX OMBITAX ObLIA
OesycnemHo [182], uau pereHeprpOBaHHBIC PACTCHHUS HE COACPIKATU OaKTepHil B
cBoux Tkausx [159, 591]. Ho B mporiecce KyJIbTHBHPOBAHMS HAOJIOIAIH YaCTUIHYIO
CIIOCOOHOCTh K HUTPU(PUKAIUN B POCTY KYJIBTYp Ha CpPeJIe CO CHMKCHHBIM COepXkKa-
HUEM a30Ta. PereHepaHThl Tabaka M3 CMEIIAHHBIX KYJIBTYp KAJUTYCOB C IMAHOOAKTe-
PHUSIMH COJICPIKAJIA B CBOUX TKAHSX U HA MOBEPXHOCTH I'eTEPOIUCTHI OakTepuid [367].

beuto 3ameueHo, yto ¢unbTpathl KyabTyp sHA0(GuTOB Acinetibacter u Lacto-
bacillus plantarum cHmxanu pereHepannio MoOEroB U3 KaUTyCOB XBOHHBIX (€M €B-
pONEHCKON ¥ JIMCTBEHHMIIBI THOpHIHOW) 1 nuieinuka [256, 396]. baktepuu poaa
Azospirillum brasilense, koTopbie Tak)ke ObLTH UCTIONB30BAHBI I CO3/aHUS aCCOLIH-
aluii ¢ pacTeHus MM Tabaka, apUKAHCKOTO Mpoca M ra30HHOM TpaBoit Eremochloa
ophiuroides, yraeranu poct KalutycHbIX KyabTyp [591]. BeicTpo pasmHoxaronmecs

OakTepuy MHIUOMPOBAIM POCT KaJuTyca, U IPUMEPHO Yepe3 HEJEINI0 MOCIe MPUBUBKU
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HacTymana THOeldh pPacTHTENbHBIX TKaHed. OgHAKO O TeX MOp, MOoKa KaJUTyCHBIC
KJIETKU BBDKHMBAIIM, OAKTEPUU MPOSBISLIIN HUTPOTEHA3HYIO aKTUBHOCTH Ha OO€THEH-
HBIX IO a30TY MUTATENBHBIX cpefax. B Apyrom sKCrepuMeHTe B aHAJIOTHYHBIX YCIIO-
BUSIX HEKOTOPBIE KAJLTYChl CaXapHOTO TPOCTHHKA POCIHU B TeueHue Oosuee uem 18 me-
CSIIEB TIPU PETYJISIPHOM CYOKYJITUBUPOBAHHWU, U U3 TaKHX JABOWHBIX KYJIbTYp ObLIH
IOJIy4EHbI PEreHEPaHThI, B TKaHIX KOTOPBIX OakTepuu He oOHapyxuBaituch [591]. B
Oosee mo3aHel padore MibuykoBa [51] mHOKymsANMs KamTycoB MIIEHHIBI iN VILro
xuBbIMU Oaktepusmu Azospirillum brasilense takke BbI3bIBaNa KOHTAMHUHAIHEO
KyJbTYphl U (pUTOTOKCHYECKUH 3P dekT. MccneqoBanne Ha Kaulycax BUHOTpajaa Io-
Ka3aJio, 9YTO 3HAO0(UTHI, CBSI3aHHBIC C KAJLUIyCOM, B IIEpBYI0 ouepenb poaa Bacilus,
BBI3BIBAJIN OKHUCIIUTEIHHOE MMOTEMHEHUE PACTUTEIBHBIX KJIETOK, B TO K€ BpeMsi, MOJI-
nepkanue OanaHca 3HAO(DUTHBIX OakTepHil, OOHApYyKMBAEMbIX B HE TEMHEIOIIHX
KaJUTycax, OKa3bIBAJIO MOJIOKUTEIHHOE BIMSHUE JUISI KyJIbTUBUPOBAHUS 3JI0POBOTO
kasuryca [421].

B Heckonbkux paboTax coOOIIANOCH O MOJOKUTETLHOM BIUSHUNA HEKOTOPBIX
IITAMMOB OakTepuil Ha MOP(OreHEeTUYECKUEe MPOIECCHl B KYJIbTYpe COMATHYECKHX
TKaHel pacTeHuid. Hampumep, coBMeCcTHOE KyJIbTUBHPOBAHKE IN VILr0 coMaTHYECKUX
TKaHel cou co mramMMmamu Oaktepuit Pseudomonas maltophilia npuBoaumo x ¢op-
MHUPOBAHHUIO KAJUTYCOB C «y3JIOBATHIMH XapaKTEPUCTHKAMHU (Y3€JIKOBBIC KAJLTYCHI)» H
BBICOKHM IOTEHIIMAJIOM pereHepamuu. Pereneparus U3 COMaTHYECKUX 3apOJbIIIeH
POMCXO/IUIIA, HO TIOJTHOCTHIO CHOPMHUPOBAHHBIX pACTeHUI He ObLIO mojydeHo [346].
B npyrom uccienoBanuu BiausHus mrammoB Pseudomonas putida G2-8 u GlI-32 nHa
KaJUTyChl COM OTMEUaIOCh YBEIMUEHUH OMOMACChl KalTyCOB COM B OTCYTCTBUU BHUTa-
MHUHOB B cOCTaBe nutarenbHoi cpeasl [193]. B mporecce moucka ctpeccoBoro dak-
TOpa, CIOCOOHOTO CTUMYJIUPOBATH COMATUUYECKUN SMOPUOUIOTEHE3 HEOT3HIBYMBOTO
K KyJbTHBHpOBaHHUIO copta repanu (Pelargonium x hortorum Bailey cv Ringo Rose)
ObIJI0O OOHAPYXKEHO, YTO WH(HUIIMPOBAHUE IKCILIAHTOB SHAOPUTHBIMU OaKTEPUSIMHU
CII0CO0CTBOBAJIO 00pa30BaHMIO YMOpHonI0B [447]. bakrepuun ObLIN HACHTHPHUIIHPO-
BaHbl kak Bacillus sp. CriocoOHOCTh K CTUMYJIUPOBAHUIO COMATHYECKOTO dMOPHOU-

JOIr€¢HE3a Ha6J'IIOI[aJ'IaCB IIpU UHOKYJIIIHUHU SKCIINIAHTOB 6aKT€pHHMI/I B COYCTAaHUHU C
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HAJIMYUEM B MUTATEIILHOUW cpene TuauazypoHa. OnrtuManbHas KOHIIEHTpalus OakTe-
puii cocrapnsna 0,47 x 10° KOE/mi1. B yclIoBUSX HCKYCCTBEHHO CO3JaHHOTO CUMOM-
03a aua3oTpodHBIX OakTepuii Azomonas insignis u semusnuku (Fragaria x
ananassa) ObuT MHIYIIUPOBAH KaJTyC U opraHorenes [345]. B kadecTBe yriieBoJoB B
COCTaBe MUTATEIHHON CPEIbl UCIOIb30BaM MalbTO3y, YTO MCKIIIOUNIIO KOHTAMHUHA-
ui0. B TMOJydeHHBIX pPaCTUTENBHBIX KyJbTypaX OTMEUeHa HUTPOTCHa3Has aKTHB-
HOCTh. CUMOMOTHYECKHE aCCOLMAIIMU OBLTU MOJIYYEHBI MEXAY a30T(OUKCUPYIOIIUMU
kiaetkamu Azotobacter zettuovii (CRS-H6) u tkanssmu mopkosu (Daucus carota L.
cv. 'Rother' Half Long) [132]. CumOnoTHYeCKHe acCOMAIMK BRIPAIIUBAINCH Ha 0e3-
a30THBIX CpElax B TEUEHHE YEThIpEX JIET, YTO MOATBEPKAANIO a30T(HUKCHPYIOIIYIO
COCOOHOCTh cucTeMsl. [Ipu 3TOM, perenepanusi pacCTeHUM OCYIIECTBIISAIACH U3 KaJl-
JTyCHO-OaKTEepHAIbHBIX acCOIMAIM Ha a30TColepKammx cpefax. M3 xympTyp Tka-
Heit cocHbl (Pinus sylvestris L.) Obutn mosydeHbl OakTepUaIbHBIC M30JISITH M UICH-
tuduimrponansl kak Methylobacterium extorquens u Pseudomonas synxantha. IToka-
3aHa UX CTUMYJIUPYIOIIAs pOJib B KAJTyCOT€HE3¢ COCHBI OOBIKHOBeHHOM [173, 224].
[TonoxuTenbHOM PO METUATPODHBIX OaKTEpUil B CTUMYJIUPOBAHUH MOP(O-
reHe3a KajulyCOB pacTeHHUH MOCBAIIEH 1eNbli Uk padoT. [1o nanueim KansieBoit u
coaBTopoB [499] aspobuble MeTmioTpodHbIe OakTepun Methylovorus mays oopaso-
BBIBAJIM YCTOMYHMBBIC acCoOLMAIMK IN VILrO ¢ TKaHAMH pacTeHHi Tabaka, kapTodess u
JbHA, YTO MPUBOJMIO K YBEIMUYEHHIO POCTa U CIOCOOHOCTU K pereHepanuu u odpa-
30BaHHMIO0 KOpHEW. KosioHM3ammsi He3penbIX 3apOoAbIIed MSATKOW IIIEHUIBl COpTa
MuponoBckas sipoBas neyms mrammamu Methylobacterium sp. 110 u Methylophilus
glucoseoxidans mpuBoaMIIa K MOBBIIICHUIO BbIX0JIa MOP(HOTESHHBIX KAJUTyCOB OT 00-
IIEr0 YHclia KalycOB, CTUMYJIMPOBAHUIO (POPMUPOBAHUS MOOETOB M COKPAILEHUIO
CpoKOB pereHepanuu pactenuid [21]. [TomydyeHHBIC pereHepaHThl OTINYATUCH SPKO-
3€JICHOM OKPAcCKOW M XOpPOLIO Pa3BUTON KOPHEBOUW CUCTEMOU. AHAIIOTUYHBIN PE3yIib-
TaT OBLI MOJYYeH MPH HMHOKYISAIHMK KaJIyCcOB mMineHuIsl mrammom Methylomonas
methanica S; [89]. ITo manueiM JJoponunoii u coaBropoB (2010) mpu aHATOTHYHOM
WHOKYJISILIMU He3pembIX 3aponbimeil mmennnbl mrammoM Methylobacterium extor-

quens 110 Takke HaOIIOJANOCh CTUMYJIHpPOBaHUE (POPMUPOBAHUS MOP(POreHHBIX
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ouaroB B Kajutycax (6osiee yeM B 1,5 pa3a 1Mo CpaBHEHHIO C KOHTPOJIEM) M JIydIas
perenepanus pacteHuid (Ha 20% 1o cpaBHEHUIO ¢ KOHTpojeM). bakTepuu He TOJIBKO
COXPAHSJIUCh B MpOIecCe KyIbTUBUPOBAHUSA, HO MX COJIEpPKaHHUE YBEITUYHBAIOCH B
kamurycax k 30 cyTkam B 3-5 pa3 MO CpaBHEHUIO C HA4YajlOM KYyJIbTUBUPOBAHUS, A B
pacTeHHsIX-pereHepanTax — B 10 pa3. B moirydeHHBIX pacTeHHUSIX OBLJIO YBETHYCHHOE
coJiep)kaHue (POTOCHHTETUYCCKUX IMUTMEHTOB, PACTBOPHUMBIX OCIKOB, W yAEIbHAs
TUTOTHOCTb JINCTHEB TAKXKE ObLIa BHIIIE IO CPABHEHUIO ¢ KOHTpoJdieM. Kpome Toro, B
KYJIbTYpaJTbHOU JKUIKOCTH ObLTH 00HapyskeHbl 3eaTnHpruOo3ua, YK u Butamu B12,
CHHTE3 M HaKOIUICHUE KOTOPBIX CBS3aHO C AesTelbHOCThIO OakTepuii [90]. [lupokux
c coaBropamu [74] Ha kamrycax SYMEHS M3y4alld HE TOJIKO BIUSHHE HPUPOIHBIX
uzonsatoB Methylobacterium mesophylicum 3-345 na Mmopdoreses B KynbType coma-
THYECKUX TKaHeH IN Vitro, HO M Ha yCTOHYHMBOCTB K CTpECcCy, 00YCIIOBICHHOMY TOK-
CHYHOCTBIO MOHOB QIIOMUHUS U BOJOPOJA. YCTAaHOBJIEHA CHOCOOHOCTh OakTepuit
BCTYIIaTh B aCCOIMAIMHA C KAJUTyCHOW TKaHBIO, YBEIMUMBATH YACTOTY pETeHEpaInu
pacTeHM, a TaK)Ke CHIDKATh COJCPKAHHE MAJOHOBOTO JHAJBbACTHIA, U3MEHSITH CO-
JiepyKaHNuEe HU3KOMOJICKYJISIPHBIX aHTHOKCUIAHTOB: aCKOPOMHOBOM KHCJIOTHI M aHTO-
anoB [74]. [y yBenu4eHus: BBIXOJa PaCTEHUI-PEreHEPAaHTOB STUMEHS TIPU CO3/1a-
HUM UCXOJHOTO CEJCKIIMOHHOTO MaTepuaia KaulyCHas TKaHb 7 pa3jIMYHBIX TCHOTH-
noB Obli1a HHOKYJIMpoBaHa Oaktepusimu Methylobacterium extorquens B coueranuu ¢
nepdropyriepogamu (kapoorai, nepdropaekannd u nepropmernaaekanun) [104].
[To maHHBIMH MHKPOCKOITMHU JOCTOBEPHO YBEIWYMJIACH YaCTOTa BCTPEYAEMOCTH 30H
BTOPUYHOMN AP PEepEeHIIMPOBKU KAJUTYCHOM TKaHHU.

[To coobmenuto Lim ¢ coaBropamu [167] MCKYCCTBEHHO CO3JaHHBIN CUMOMO03
mexxay mrammom Herbaspirillum seropedicae Z78 u comartndeckuMu Kajutycamu
MAaCJIMYHOM MajbMbI iN VItr0 MPUBOIMII K 3aCEICHUIO TTOBEPXHOCTEH KICTOK M MEX-
KJICTHUKOB KaJUTyCOB OakTepussMu. OTMEUYCHO, YTO JaHHBIN BHJl OAaKTEpPHi HE YTHITH-
3UPYeT caxapo3y, BXOMISIIYIO0 B COCTaB IMUTATEIIBHON CpPEbl, [IOATOMY OaKTEepPHH IS
CBOCH KU3HECATSIHLHOCTH HCIIOJIb30BaIU YTIIEBOAbI, CHHTE3UPOBAHHBIC PACTUTEIh-
HBIMH KJIeTKamMu. [Ipu 3TOM OaKTepuu CHHTE3MPOBAI WHJIOJNI-3-YKCYCHYIO KHCIIO-

Ty, OBUIM CIIOCOOHBI K HUTpU(UKaLUU a30Ta. B pe3ynpTaTe cKOpOCTh 00pa3oBaHUs
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IMOPHUOTEHHOTO KaJlTyca CYIECTBEHHO Bo3pacTana (20 cyTok MpoTHB 2-6 MecAlleB
M0 TPAIUIIMOHHOW cXxeme KynbTuBHUpoBaHUs). Ha 60-¢ CyTKM KyJIbTUBUPOBAHUS B
OTBITHOM BapHaHTE MOSBHIUCH SMOPUOUJIBI B CTAIUU CEp/ieUKa. ABTOPHI OTMEYAIOT
MIOJIOKHUTEIBHYIO POJIh 00pa0OTKH KaJLUTyCOB OAKTEPHUSMH, MOABEPTHYTBIMH YIbTPa-
3BYKOBOMY Bo3jeicTBHIO [167].

CoBMecTHas KyJbTypa KaJUTyCOB pacTeHUN U OakTepHuil MOKET OBITh MCIOJb-
30BaHa Ui U3y4eHUs (PU3HOJOTHYECKHX OTBETOB PACTEHUI Ha BHEIIHHE (PaKTOPHI,
HaIlpuMep, Ha CTPECC, BBI3BAHHBIA JIEUCTBHEM TSKEIBIX METAJIOB, KAaK IMOKa3aju
[166] mpu m3ydeHuun kajuryca IMyCTBHIHHOTO pacTeHust Fouquieria splendens, wHoky-
JIMPOBaHHOTO pr3ochepHbIME OakTepusimMu mTamma Staphylococcus pasteuri Fs2.

Takum oOpa3zoM, B psijfie MCCIEAOBAHUM JOKa3aHa BO3MOXHOCTh MCIOJIb30Ba-
HUS PaCTUTEIIBHO-MUKPOOHBIX aCCOIHAIIMIA B KYJIbType IN VItro muist cTMMyIMpOBaHUs
MOP(OTreHETUYECKUX TPOIECCOB B COMaTHYECKUX TKaHsX. Kak mpaBuiio, aBTOpHI
MPEANOoJaralT, YTO MEXaHU3M BO3JIEHCTBUS OaKTepuil Ha KIIETKH PACTEHUN KPOeTcs
B nonosiHutesibHOM cuHTe3e UYK u azordukcanuu. OpuruHaibHbIA MOAXO IpOJIe-
MOHCTPUPOBAIM MEKCHUKaHCKUE yueHble [212]. OHU MPEANONIOKUIN BaAXHYIO POJIb
LATOKUHUHOB B IPOIECCE NMPSAMON PETCHEPALIMU PACTEHUM W3 TKAHEW JKCIUIAHTOB.
Kak n3BecTHO, HEKOTOPBIC BHJIBI TATOTEHHBIX JUISl PACTCHUN OaKTepUid TTPOTYITUPYIOT
IIUTOKMHUHBI, HarpuMep, Pseudomonas syringae pv. savastanoi, KoTopbie CHHTE3H-
PYIOT IIUTOKUHUHBI Oy1arojapsi reHy u3oneHTeHwiTpancdepassl (ptz). Kinetku mram-
ma Escherichia coli 6simr TpanchopMupOBaHbl CHHTETHYECKOMH IOCIIEI0BATEIBHO-
CTBIO reHa Ptz (Stz) u mosrydeHHBIH MTaMM MPOTYIIUPOBA OEJI0K, CIOCOOHBIN CHHTE-
3UPOBaTh IUTOKMHHMHBI. DKCTPAKT M3 KyJabTyphl E. COli mo0aBisiu B muTaTenbHbIC
Cpenbl JUIsl KyJbTUBUPOBAHUS JIMCTOBBIX JKCIUIAHTOB Tabaka. [loaroToBiieHHbIE Ta-
KM 00pa3oM OECKIIETOYHBIE CPEibl CITIOCOOCTBOBAIM 0Opa30BaHUIO MTOOETOB U KOP-
HEW Ha JUCTOBBIX HDKCIUIaHTax Tabaka. [lo MHEHWIO aBTOpPOB, TaKUE CpPEIbl MOTYT
UMETh MPEUMYIIECTBO MPEJ MCIMOJIH30BAHUEM XUMHUYECKH CHHTE3MPOBAHHBIX ITUTO-

KUHUHOB [212].



56

1.6.3 Illpumenenne pusocepHbIX OaKTepUil AJ151 CTUMYJIUPOBAHUA MOp(oreHes3a
B KYJbType COMAaTHYECKUX TKAHEl NMPU MUKPOKJIOHAJIbHOM Pa3MHOKEHUHU
in vitro

JIJIsl yCTIETITHOTO KIIOHAJIBHOT'O MUKPOPAa3MHOKECHHSI BAKHBIM JTAIlOM SIBJISICTCS
CO3JIaHKE aKTUBHO PACTYIICH KyJNbTypsl IN Vitro. Ha sTame BBeAcHUS B KyJIbTypy IN
VItrO 3HAYUTEIbHBIC YCUJIHS TPUJIATAIOTCS JJIS TTOJTyUYCHHUS ACCITUYCCKON KYJIBTYPHI.
Pa3zpaboTanbl pa3nuyHbie TPOTOKOJIBI CTEPUIIM3ANMN UCXOMHBIX IKCIIAHTOB, BKITIO-
Yarolue: MpeaBapuTeNIbHYI0 OUYUCTKY U MBIThE YacTel pacTeHH, U3 KOTOPHIX OyayT
BBEIYWJICHCHBI 3KCIUTAHTHI; 000D CTEPHIM3YIOIMHUX PAcTBOPOB, MX KOHIICHTPAITUU H
BPEMEHHU SKCIO3UIINN; TPOMBIBKY NUCTHWUITMPOBAHHONW BOJOM IS YAQJICHHUS CTECPH-
mu3yronux areHtoB [184, 185]. B psje ciaydaeB, Korja He ymaeTcsl H30aBUTHCSA OT
WHOEKITUU TTOBEPXHOCTHON CTEPUITU3AIKMEH, UCTIOIB3YIOT TEPMOTEPATTHIO NCXOTHBIX
pacTeHui, BBeICHHE aHTUOMOTUKOB M MPOTUBOBUPYCHBIX IMpENapaToB B COCTaB IH-
TaTeNbHOM cpeasl [361, 472]. Belio nmpeaiokeHo HECKOJIBKO METOI0B MUHUMHU3AIHH
3arpsi3HCHUS B KYJIBTYpax PacTUTENbHBIX TKaHew [175, 525], B Tom uwmcine, ais mo-
BbITIICHUST A((DEKTUBHOCTH CTEPHIIM3AIMHU TPEJIarajoch BBOAUTH CTEPHIIM3YIOIINE
npernapaTthl YKCIUIAHTAM MOCPEICTBOM BaKyyMHOW WHGWIbTpauuu [445]. s mony-
YEHUS YUCTOW KYJNBTYpPhl MHOT/A TPUXOJWUTCS BBICAKUBATh KOHTAMHUHHUPOBAHHBIC
pacTeHus B TPYHT U TIOBTOPHO BBOJUTH SKCIIAHTHI B KYJIBTYpY IN Vitro [423].

Onnako, 3HI0(UTHBIC OaKTEPUH HACEISIOT pacTeHus IN Situ, 1 YHUYTOKUTH UX
BCE MPAKTUYECKU HEBO3MOXKHO. Cpenu SHAOPUTHBIX OakTepuil ObUM UIEHTUDUITH-
POBaHBI MPEACTABUTEIIM MHOTHX BHUJOB ITOTCHITMAIBHO TOJIC3HBIX OakTepwmid: Strep-
tomycete, Pantoea agglomerans u apyrue, a Tak)ke MaTOTEHHBIC IS 4YeJIOBEKa,
manpumMep, Ralstonia mannitolytica, Staphyllococus epidermidis, Corynebacterium
amycolatum, Bacillus neonatiensis, Salmonella u Nocaridia spp. [41]. Ckpsitas (;a-
TEHTHas1) UHPEKIMS MOXKET MPOSIBIATLCS B TEUCHHUE TIEPBOTO MaccaXka, a MOXKET JIJTU-
TEJILHOE BPEMsI HE BBISBIATHCS M OOHApYKUBaThCA yepe3 14 Hemenb KyJIbTUBUPOBA-
uus [508], u gaxe uvepe3 rox [462]. YcmoBus KyabTUBHPOBAaHUsS HE Bcerjaa Ojaro-
MPUSATHBI IJIs1 Pa3BUTHUS SHAO(PUTHBIX 0aKTPUH, TOATOMY OHU HE MOTYT aKTUBHO pa3-

MHOAaThCsl, HO HEKOTOPBIA TUTp OakTepuil coxpaHsieTcss B TKaHsIX pacTeHus. [lpu
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U3MCHCHUU YCJIOBUH KyJIBTHBUPOBAaHUS Takue OaKTEpUHM MOTYT MpOsBUTHCS [41].
Jlaxke HaxoIsICh B CKPBITOM COCTOSIHMM SHAO(PHUTHI MOTYT OTPHUIATENHHO BIMATH HA
POCT U pa3BUTHE KYJIbTYpPhl PACTEHUH: YTHETaTh PEreHepaluio, CHIKaTh Kodppuiu-
CHT Pa3MHOXKEHUSI MPU MHUKPOKIOHHPOBAHHH, YXyIIIaTh oOpa3oBaHUE MOOETOB U
kopueit [184, 198, 336, 610, 623] u maxe BBI3BIBATH TMOCIb KYJIBTYpHI ITOCIIE He-
cCKoJbKUX maccaxer [85, 279]. Ocob0 BakHOE 3HAYCHHE YMCTOTA KYJIBTYPhl UMEET
IIpU XpaHEHWW PACTCHUN B TeHETHYECKHMX OaHkax. KoHTamMuHAIuMs TakuX KYJIbTYp
HEJIOMYCTUMA, U OHU JIOJDKHBI IEPUOJUYECKHU MOABEPTaThCsl TECTUPOBAHUIO HA HAJIU-
gyre nHdekun [211]. C apyroit CTOPOHBI, €CTh COOOIIEHUE O TIOJIOKHUTEIBHON POIH
SHAO(PUTHBIX OaKTepuil B MPOJOHTMPOBAHUM CPOKa XpaHEHUs 0e3 CyOKyJIbTUBUPO-
BaHUM JICKOPATHBHBIX pacTeHuid potunuu dpesepa [588].

He cmotps Ha Bce BBIIIE CKa3aHHOE, U3BECTHHI MHOTOUYMCIICHHBIE CIIy4ad IO-
JIOKUTETFHOTO BJIMSIHUS KOKYJBTUBHUPOBAHUSI MUKPOOPTAaHU3MOB C COMaTUYECKUMHU
TKaHSIMU pacTeHUH. SIpKUM MPUMEPOM MPAKTHUECKOTO UCIOJIb30BaHUS OaKTepuil sB-
JseTCsl ueronb3oBanue Oaktepuit Agrobacterium tumefaciens u A. rhizogenes s
TeHETHYECKOW TpaHchOopMaIluu PacTUTENbHBIX KIIETOK, B PE3yJbTaTe KOTOPOM B Te-
HOM BCTpaMBaeTcs HeoOxoaumasi reHetmdeckas uHdpopmarusa [299]. Kpome Toro,
Oaktepun A. rhizogenes BBI3BIBAIOT CHENU(DUYCCKHE OPraHOTCHHBIC IMPOIECCHl U
NpUBOAAT K (POPMHUPOBAHHIO KOPHEH Ha TKaHAX pactenuit [191].

Baxxnoe monoxutenpbHOE 3HAYCHHE YHAOPUTHBIX MHUKPOOPTaHM3MOB, B TOM
yuciae pu3ocPepHBIX OaKTEpHil, MOKET OBITh OTMEUEHO MMEHHO MPH KIOHAJIHLHOM
MUKPOPa3MHOKEHHH pacTeHuid. [Ipudem, mojgoxuTensHas pojib MUKPOACCOIMAaHTOB
¢dukcHupyeTcss Ha BCEX dTamax MHUKPOPa3MHOXKEHUs. BriepBble BO3MOKHOCTH IMOBBI-
meHus: 3(QPEKTUBHOCTH KYIBTYp PACTUTEIBHBIX TKAHEH C MOMOIIBIO HEKOTOPBIX
OaKkTepHaIbHBIX «3arps3HUTENCH» ObuIa mpenmnosioskeHa Herman [323, 324]. Pe3ynb-
TaThl MHOKYJISIIUK PACTUTEIBHBIX KYJIbTYp IN VItrO ObUIM BIEpBbIE OMYOJHMKOBAHBI
Digat et al. [365], koTopslii OOHAPYKWJI IOJIOKUTEIBHOE BIUSHHE IITAMMOB
Pseudomonas fluorescens u P. putida Ha ykopeHeHHe U aKKJIMMAaTH3AIMI0 MHKPOIIO-
oeros. [locnemyromire cooOMEHNs TTOKa3aIM TOJOKUTEIBbHBIN 3G ekt Pseudomonas

sp. u P. mucidolens B mpenoTBpaliieH|UH THIIEPOBOAHECHHOCTH (BUTPU(UKAIIMN) KYIb-
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Typ operano u Manuubl [511, 624]. Nowak [464] npemioxun TepMuH «OaKTepr3a-
¥s» 11 0003HAYCHUS TIPHEMa WHOKYJISIMK 3KCILIAHTOB IN VItr0 U MUKpOpacTeHUit
U 0XapaKTepPU30BaJl PsiJI MOJIe3HBIX 3((PEKTOB, BEI3IBAEMBIX HEKOTOPHIMU OaKTepHsI-
MH Ha KYJbTYpBI IN VItro, momq4epkHyB MPEHMYIIECTBA POCTa MUKPOPACTCHUN H TIO-
ciie KyJnbTuBupoBanus in Vvitro. ITosxe Nowak u Shulaev [465] Obuto mpesioxkeHO
Ha3bIBaTh JIFOOBIC BO3JCHCTBUS HA MUKPOPACTCHHUS C IICJIBIO MOBBIIICHUS UX yCTOM-
YUBOCTU «IPAaMUHIOM» (priming), a HHOKYJSIUIO MUKPOOpPTaHU3MaMH «Ouompan-
MuHrom» (biopriming), HO JaHHBIC TEPMHHBI, B OTIIMYHKM OT OMOTH3AIlMU, B JIUTEpa-
TYpe HE MPUKHIIHCh.

B HEKOTOPBIX CiIydasx OTMEUYCHO, YTO MHOKYIISILUS MUKPOKIIOHOB OaKTepUSIMU
CTUMYJIMPOBaJIa MHUIMALMIO 00pa30BaHMs TOYEK y TEHOTHUIIOB, TPYIHO TMOMIA0-
IIUXCSI KyTbTHBHPOBAHMUIO IN Vitro. B ombitax Zawadzka ¢ coaBropamu [598] mukpo-
noberu Oy3WHBI, €CTECTBCHHO 3arpsi3HeHHbIe OakTepusmu Methylobacterium, o6pa-
30BBIBAJIM MCHBIIIC aIBEHTUBHBIX MIOOETOB [0 CPABHEHUIO C HE3apaKCHHBIMH, HO ATH
no0Oeru ObUIM JJIMHHEE KOHTPOJIbHBIX. [loOern ManuHsbl, 3arpsi3HEHHbIE OaKTEPUSIMH,
OBLTH KOJIFOYMMH W JJTHHHEE [0 CPAaBHEHHUIO C HE 3arps3HEHHBIMU MOOeraMu. DTH U
Apyrue OakTepur ObLTH BBIZCICHBI, © MIMU ObUTH WHOKYJIHUPOBAHBI KYJIBTYPHI IN Vitro
PO3bI, XpU3aHTEMbI, repOepsl U XOCcThl. Hu ofHa W3 3TUX OakTepuii HEe OKa3biBaja
BPEIHOTO BO3JCHCTBHS Ha DOKCIUTAHTBI, a HEKOTOPble KOMOWHAIMKU OaKTepUu-
pacTeHus] 3HAYUTEIILHO YIIYUIIAU TMPOTUQEpaluo NoOeroB, a TakkKe YKOPECHEHHE
[598]. B atom nccnenoanuu Curtobacterium ysenuuuBanu npoiudepalinio mooeros
BCEX YETHIPEX BHJIOB PAaCTEHHH, a Takke ykopeHeHue po3wl; Methylobacterium yge-
JMYUBAJIA MHTEHCUBHOCTB pocTa repoepsl U XocThl, a Bacillus ymmmasn nobern xpu-
3anteM. [lomoxkutenbHbiit 3ddext Bacillus spp. Ha poct U pa3BuTHE XpH3aHTEMBI
(Chrysanthemum spp.) in vitro u ex vitro Ttakxke ormedeHbl B padote [460].
Quambusch coaBropamu [269] 0OHapy KUK CBA3b MEKIY SHIAOTCHHBIMUA OaKTEPHSI-
MU # 3G HEKTHBHOCTHIO MUKPOPA3MHOKEHHS TeHOTUIIOB Prunus avium.

MHorue 0akTepuy CHHTE3UPYIOT WHAOIMIYKCYCHYIO KHCIOTY W JIPYyTHe ayK-
CHHBI, YTO OJArOTBOPHO JCHCTBYEeT Ha yKOpeHeHue moderoB. Hampumep, Gakrepuu

Rhodobacter sphaeroides ycunuBanu ykopeHeHHE MEKPOPOCTKOB IICIKOBHIIBI [581],
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Bacillus spp. cnocobcTBoBanu ykopeHeHuto Kiayouuku [372]. Psa npumepoB moJio-
YKUTCIIbHOTO BO3JICHCTBUS SHIO(PHUTOB HA MUKPOKIOHUPOBAHHWE PACTEHUH PaccMOT-
peH B 0030pax Slomonckol ¢ coaBTopamu [107], Camapunoii ¢ coaBropamu [106],
Orlikowska ¢ coaBTopamu [472], Soumare ¢ coaBropamu [509] u apyrux. M3ydenue
BIMSHHEC BOChbMH pa3nnuHbix mraMMmoB PGPR, Bkmouas Bacillus subtilis GB03, B.
Amyloliquefaciens IN937a, B. pumilus SE-34, B. pumilus T4, B. pasteurii C9, Paeni-
bacillus polymyxa E681, Pseudomonas fluorescens 89B-61 u Serratia marcescens
90-166 Ha pocT pacTeHHid apadbHUIOIICKCa JUKOTO THIIA U MyTaHTOB IN VIitro u in vivo
IO0Ka3aj10, YTO B yCIOBHAX IN VItr0 B CUTHAJIMHIE y4acCTBOBAIHM OPacCHHOCTEPOHU/IBI,
NVYK, camumuioBas kuciota u ruooeperuuasl [578]. TectupoBanue in ViVo mokasa-
J0, 9TO B OTBETHBIX PEaKIMIX YJacCTBOBAJ ITHJICH. Pe3ynbTaThl MOKA3bIBAIOT, YTO
ctumynupoBanue pocta PGPR y apabunorncuca cBsi3aHO ¢ HECKOJIBKUMU Pa3InyHbI-
MU TYTSAMH TIepeladll CUTHAJIOB M YTO TaKas CHUTHAIM3AIUS MOXKET OTIUYAThCS IS
pacTeHui, BBIpAIICHHBIX IN VIro, Mo CpaBHEHUIO C TEMH, YTO ObUIM BBIPAILICHBI B
€CTEeCTBEHHBIX yCJIOBUsX. buoTtuzamms npopoctkoB Arabidopsis thaliana 6akrepus-
mu Pseudomonas putida nmokasana 3HaYMTEIbHOE YBEJIMYCHUE UTMHBI TOOETOB, Mac-
CbI KOpHEH M KOJMYeCcTBa OOKOBBIX KOPHEH M KOPHEBBIX BOJIOCKOB, YTO OOBSICHICTCS
criocoOHocThIO P. putida mpoaynupoBaTh WHIONMHIYKCYCHYIO KHCIOTY. IIpu sTOM
OMOTH3alMs HE BBI3bIBAJIa YCHUIICHHUS! OKUCIMTEIBHOTO cTpecca y mpopoctkos [131].

MHAMHCKUMHU yYEeHBIMH OBLIO IMOKa3aHO, YTO HHOKYJIMPOBAHHE JIEKAPCTBEHHO-
ro pactenus Swertia chirayita 6akrepusmu Azotobacter sp. u Pseudomonas npuso-
JWIO0 K 3HAYMTEJILHOMY YCHJICHHIO POCTa KOPHEBOM CHCTEMBI M IoOera pacTCHHIA,
KyJBTUBUPYEMBIX 1N Vitro [276]. HaGmronanock 3HaYUTEILHOE CTUMYJIUPOBAHHUE PO-
CTa pacTeHHi, yBEIUYUBAIACh BBIKUBAEMOCTh (10 90%) M CKOPOCTh pa3MHOXKEHUS
NP HU3KOM KOHIIEHTPAIIMU ayKCHHA.

Nuokymsimust  MuKpopacTeHudt — kaprodens  Oakrepusmu  Streptomyces
flavogriseus TK-5 u S. Anulatus T-2-20 k kojoHH3anKUK TOOETOB U KOPHEH 0e3 duro-
Tokcuueckoro 3ddekra [48], a ucmonb3oBaHue s OakTEepH3al[MM IITaMMa S.

minoensis KP-10 crmocoOCTBOBaIO yBEIMUYEHUIO MOP(HOMETPUUIESCKUX IOKa3aTelen
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no0eroB U K03(PPUIMEHTOB Pa3MHOKEHHUS JIBYX COPTOOOPA3IIOB, a TAKKE CHUKEHUIO
oOpa3zoBaHust MOP(O30B Ha JIUCTHAX U cTedx [103].

Baxneiiiiee HampaBiieHHE NMPUMEHEHHUS MOJE3HbIX OaKkTepuil B TEXHOJIOTUU
KJIOHAJIBHOTO MHUKPOPA3MHOXKEHHUS CBSI3aHA C aJanTalied MHUKPOpPAaCTEHUH K ecTe-
CTBCHHBIM YCIIOBHSIM BBIPAIIMBAHMS HA dTAle BBICAIKU €X VItro. DTOT 3Tam 4acTo siB-
JSI€TCSl Y3KUM MECTOM B MUKPOKJIOHHUPOBAHUU I MHOTHX BUIOB PACTCHHI, TaK KaK
NOJYYCHHBIE B KYJBTYype IN VIIr0 MUKpONoOern MMEIOT aHATOMHYECKUE U (PU3HOIIO-
ITMYECKUE OCOOCHHOCTH, 3aTpPYyJIHSIOLIME aJanTallii0 K €CTECTBEHHBIM YCIIOBUSAM
[35]. MukpopacTenuss UMEIOT He(hyHKIIMOHAIBHBIC (OTKPHITHIE) YCTHUIA, HE TIOJTHO-
CThIO (DYHKIIMOHATbHBIE KOPHU U ()OTOCUHTETUUECKUH anmapar, ci1abo pa3BUTHIE Me-
XaHUYECKUE TKaHU U coCyJbl. MHOKYISAIUS MUKPOMOOEroB MUKPOOPTraHW3MaMu Ha
NOCJIETHEN CTaIMA MUKPOPA3MHOKEHHS MJIM Ha 3TAIe BHICAJKU MOKET MOMOYb Ipe-
0J10J1eTh 3Ty mpobiemy [163, 464, 637]. BakTepuu, OTHOCSIIUECS K Pa3IMYHBIM PO-
nam  (Azorhizobium,  Azospirillum, Azotobacter, Bacillus, Burkholderia,
Curtobacterium, Enterobacter, Halomonas, Methylobacterium, Microbacterium,
Methilophylus, Paenibacillus, Pseudomonas, Ralstonia) moryt O6bITh IpUMEHEHBI Ha
naHHOM JTarne [472].

OnHMM W3 BAPUAHTOB IMOBBIIICHUS BEDKMBACMOCTH €X VItr0 MOXeT OBITh TOJTY-
YeHHEe MUKPOJIYKOBUIl UM MUKpokiayOHei. [lokazano, uto PGPR crumynupoBanu
oOpa3oBaHue KiIyOHETyKoBHIl Kpokyca (Crocus sativus L.) B kybType in Vvitro [364].
Pseudomonas sp., Bacillus subtilis u Pantoea sp. crioco6¢TBOBaNMM YBEINYCHHIO MTPO-
mudepanui = M Macchl  KIyOHenykoBull. COBMECTHOE  KYJIBTHUBUPOBAHHE C
Acinetobacter haemolyticus, Accintobacter Iwoffii u Pantoea sp. mpuseno xk 100 %
MIPOPACTAHUIO KITYOHEITYKOBHII.

[IpumeneHue npueMa OMOTU3aLMKU MUKPOPACTEHUH HE COOCTBEHHO B KYJIbTYpE
in vitro, a Ha 3Tane BBICAJKHA PacTEHUH €X VItr0 CHMMaeT MHOTHE BOTIPOCHI ¢ BO3MOXK-
HOW KOHTaMUHAIUEHN aceNTUYECKUX KYJIbTYp U SBIIAETCA TEXHUUECKU OoJiee MPOCTON
3amayeit. [lonydyeHue u nmoaaep:kaHue YUCTON KyJIbTYphl MUKOPHU3HBIX TPHUOOB U MX
KOKYJIbTUBHPOBAHHE C PACTEHUSIMHU B KyJbType IN VItro mpoOiemMaTHYHO, MO3TOMY

MHUKOpHU3alus Yalle IMPOBOJHUTCA Ha OTall€ BbICAAKH MPIKpOpaCTCHI/Iﬁ B CY6CTpaT
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[107]. Cpenu oOBekTOB OMOTH3ammu €X VItro mpeoOiagaroT IpeBeCHbIC KYJIbTYPHI,
KOTOPBIE€ B €CTECTBEHHBIX YCIOBUSIX OOBIYHO (DOPMHUPYIOT MUKOPU3Y U ACCOLMALIUU C
OakTepusmu. Hampumep, Mukpopactenus akamuu Oenoii (Robina pseudoacacia L.)
OBUTM BBICAXKEHBI B IOYBY, B KOTOPYIO ObLIM BHeceHbI Oakrepun Rhizobium u mure-
T apOyCKYJISIpHBIX MUKOPHU3HBIX rprOoB poaa Glomus [149].

JIJisT HEKOTOPBIX TPABSIHUCTHIX PACTEHUH, TAKUX KaK OPXUJCH, HaJTM4Ue MHUKO-
pHU3bI TAKXKE SBISETCS HEOOXOAUMBIM 3KOJIOTUYECKUM (PAKTOPOM U, TIOITOMY, YaCTO
npuMmenserca. Hampumep, nnas ycTaHOBIEHUS CUMOMOTHYECKON aKKIMMAaTHU3alUU
MUKpopacTeHusi opxuaer Stanhopea tigrina, acenTmuecku mOJIy4eHHBIC iN Vitro,
WHOKYJIUPOBAJIM CycrieH3usaMu criop rpudos Trichoderma hamatum u Penicillium sp.,
410 T03BONIWIIO A0cTHYb 100% BBDKMBAHHS M MaKCHUMAJILHOTO pocTa moderos [134].
MukpopacTeHusi caxapHOTO TPOCTHHKA OBLIIM WHOKYJTHUPOBAHBI CMECHIO TISITU DHJO-
¢utHBIX nuazoTpodubix BumoB (Gluconacetobacter diazotrophicus, Herbaspirillum
seropedicae, Herbaspirillum rubrisubalbicans, Azospirillum amazonense wu
Burkholderia sp.). Co3nannas Takum 00pa3oM accolMaius COXPaHsUIach B BhIPAIIIH-
BAaE€MbIX PaCTEHUSIX, U Bce OAKTEpUHU BBISIBISIUCH B KOPHAX Aake mocie 12 mecsuen
BhIpaluBanus B rpyHTe [594]. MukpopacTeHus] 3eMJISIHUKH Ha 3Tare BBICAIKU B
NOYBEHHBIN CyOCTpar ObLIM MHOKYJIHPOBAHBI MAThIO MHKpoopranuzmamu (Glomus
mosseae BEG29, Bacillus subtilis M3, Trichoderma harzianum DB11, Pseudomonas
fluorescens C7r12 u Gliocladium catenulatum Gliomix) B 4KCTO# KyJIbType WIH B
napHbIX KoMOMHanugx. He ObUlO yCTaHOBIEHO MOJIOKUTENBHOIO BIMSIHUSI HA POCT
MUKPOPACTCHH, HO B HEKOTOPHIX KOMOWHAIMSAX OTMEUYAIOCh TOBBIIICHUE yCTONYH-
BOCTH K BO30yautensam rauiei [438]. B apyrom uccieaoBaHuy ABaANATh dHIOPUT-
HBIX OaKkTepuii OBLIIM BBIJCICHBI U3 TKAaHEH 3eMIITHUKH, UISHTU(UIINPOBAHBI KaK BU-
1wl w3 pogoB Bacillus u Sphingopyxis u ucmonb30BaHbl 1151 MHOKYJISIIIMA MHKPOPAC-
TEHUHN Ha JTame ajanrtaiuuu B cyOcTpare. PedynbraThl mokasanu, 4to 15 mrammoB
npoayupoBanu Beicokue ypoBHu YK, u Bce 20 umenu moTeHIyan 1jisi CoM00nu-
3aliyd Heopranuveckoro ¢ocdara. beiia BbIsABIEHA CIOCOOHOCTH IITAMMOB YBEIH-
YUBATh YHUCIO KOPHEH, UX ATUHY U CyXYIO0 Maccy, a TaKXKe YUCIIO JTUCTHEB, IJIHHY de-

PEIIKOB M CYXYIO MacChl Haj3eMHoOM yactu [372].
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[Tone3npie GaKTEpUU MOTYT MOMOYb B OOpbOE CO CTPEcCCOM HE TOJBKO IyTeM
oOeCIICUCHUsT PETYISITOPAaMH POCTa, OOJICTYCHHUS ITOTJIONMICHUS IUTATCIBHBIX Be-
IIECTB, HO M MPSMOM WM KOCBEHHOMW 3aImuToil or ctpeccos [118, 163, 465]. Dot
(dbeHOMEH OBLT MUPOKO OMKCAaH B KylbTypax Kaprodens [157]. Compant ¢ coaBTopa-
mu [630] oTMeTwIH, UTO TMOJIE3HBIC OAKTEPUH, UCTIOIB3YyEMbIC TIPU WHOKYJISIIUH DKC-
IUTAHTOB Ha CTaJuH IN VItro, MOTyT CTUMYJIMPOBATh MHAYKIIMIO 3alUTHBIX MPOIEC-
COB, YTO MOKET MMETh PEIIAIoNIee 3HAYCHHE IS MPEOJOJICHHS CTpecca MpH Iepe-
canke. Hanpumep, 6aktepun Pseudomonas aureofaciens u Methylovorus mays moxka-
3a1m crocoOHOCTh 3()(PEKTUBHO 3amuUIIaTh MUKpopacTeHus: kaprodens [72], semis-
HUKY [23] 1 TomatoB [19], HHOKYTUPOBAaHHBIE CYCIICH3UCH ITUX OaKTEpUH B KYJIBTY-
pe In vitro, ot matoreHHeIX rpuboB pomoB Fusarium, Sclerotinia, Rhyzoctonia,
Verticillium, Altemaria, Helminthosporium u npyrux, a Takxke QUTONATOTEHHBIX
Ooaktepuwit Erwinia carotovora, Erwinia atroseptica, Erwinia amilovora,
Xanthomonas campestris, Agrobacterium tumefaciens, Pseudomonas syringae,
Pseudomonas fluorescens. bosee Toro, 3ammra oT GUTONATOrCHOB, MPOTEKTUPYEMasT
JTAHHBIMU OAKTEPHUSIMH, MOXKET COUYETATHCS C 3alTUTON OT TOKCHYECKOTO BO3ACHCTBHS
Ha(TaIMHA U TSDKEIbIX MeTauioB [20].

XOTsI TEXHUUECKH OMOTH3aIMs SKCIIAHTOB BO BpPeMs KYJIbTHBHPOBAHHS IN
VItr0 OTHOCHTEJIBHO MPOCTa, JODKHBI OBITH COOJIIOJICHBI HEKOTOPBIC IMapaMeTphl
KYJIbTUBHPOBAHUS, TaKHe KaK IJIOTHOCTh MHOKYJIIOMa M TeMIieparypa cpenbl [268,
497]. dis >pPeKTHBHON MHOKYJISAIMKA BaXXHOE 3HAYCHHE UMEET KOHIICHTPAIUS UHO-
KyJtoMma, ¢a3za KyJIbTHBUPOBAHUS MHKPOPACTCHUH, THI MUTATCILHON cpeabl (II0T-
Has WM Kujkas) u ee coctaB [83, 468]. Pemaroriee 3naueHre MMeeT MPaBHIIbHBIH
0JI00P MHKPOACCOIMAHTa WM HECKOJBKHX acCOIMAHTOB IPH COBMECTHOM HX IPH-
meHenuu [468, 592].

bakrepun poma Azospirillum, Hapsity ¢ rceBIOMOHAAaMU M OAIlWIITIAMH, SIBJISI-
IOTCS. OJJHUMH W3 HanboJiee MHTCHCUBHO HCCIICIyeMbBIX aACCOIMATHBHBIX MapTHEPOB
pactermii. OHU CTUMYJIMPYIOT POCT M Pa3BUTHE PACTEHUH, KOJOHU3UPYS MIOBEPXHO-
CTH KOpHEH M cTe0Jiel, a TakKe BHYTPCHHHE TKaHH KOpHs 0e3 00pa30BaHMs CreIHa-

JTU3UPOBaHHBIX CTPYKTYP [43]. Kak n3BeCTHO, a30CIUPUILIBI OTHOCATCS K TPYIIIE pHU-
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30Cc(hepHBIX CTUMYJIHMPYIOUIUX POCT pacTteHui Oakrepuil. [loaTromy uHTEpec K JaH-
HBIM OaKTepUsM KaK BO3MOXXHBIM MHUKPOACCOITMAHTAM B KYJIbType TKaHEH pacTeHui
in vitro BrosHe 3akoHoMepeH. De Freitas u Germida [217] uccrienoBanu KyJiabTypy
KOpHEW 03UMOM IMIICHMIIBI IN VItro i n3yd4eHns 0akTeprabHO-KOPHEBBIX B3aHMO-
JNCHCTBUI M KOJIOHM3allu KOopHeH mrammamu Pseudomonas cepacia R55 u R85,
Azospirillum brasilense ATCC 29729 u Azotobacter chroococcum ATCC 9043. Onu
OTIpE/IETISUIN BIUSHUE OaKTepuil Ha MOP(OIOTHIO KOPHEH U pa3BUTHE KOPHEBBIX BO-
JIOCKOB, OAKTEPHAIbHYIO KOJIOHU3AIMIO TTOBEPXHOCTH KOPHEH M aKTUBHOCTH HUTPO-
reHasbl. Kak ObUIO ompesenieHo, cojepkanre OakTepuil Ha KOPHSIX BapbUpPOBAIO OT
7,5 x 10* 1o 3,2 x 10" KOE/cm. B ombITax GbLIO TIOKA3aHO, 9TO HEKOTOPHIE PH300aK-
tepun (Harpumep, P. cepacia R85) 3HaunuTeIbHO yIIydIIHIN Pa3BUTHE KOPHEBBIX BO-
JockoB, npyrue (mampumep, P. cepacia R55) cmenmduyueckn KOJIOHH3UPOBAIH
Y4aCTKH KOPHEBOHM 3Kccynmaruu, a puzobaktepun A. brasilense ATCC 29729 u A.
chroococcum ATCC 9043 cTuMyJIMpOBaIM aKTUBHOCTh HUTPOTCHA3bI KOPHEH.

Ha mMukpopacTeHHsX 10:KHOaMEPUKaHCKOTO JTMCTBEHHOTO JepeBa pPO30BbIN Jia-
nado (Handroanthus impetiginosus) ObL10 MOKa3aHo, 4TO B YCIOBHUSX IN Vitro B moGe-
rax MPOUCXOJAT CYIIECTBEHHBIE aHATOMO-THCTOJIOTMYECKUE W3MEHEHHUS, OCIIOXKHSI-
IOIMEe BBDKMBAaHUE MOOETOB B €CTECTBEHHBIX ycioBusx. [Ipm atom, puzochepHbie
oaktepun Azospirillum brasilense mramMmmor Cd u Az39 yMeHbIIaIM HeXeaTeIbHbIC
AHATOMHYECKUE U3MEHECHHS, BOSHUKAOMMUE N Vitro, ycuiuBas aianTamus K yCIOBU-
sM eX Vitro mocie nepecagku. [lltamm Cd cHU3MI MIOTHOCTH yCThUIL HA 29% y pac-
TeHU, BeIpalieHHbIX B MSG (cpeae Mypacure-Ckyra ¢ ButamuHamu 1o ['ambopry),
[0 CPABHEHUIO C HEMHOKYJIMPOBAaHHBIMU PAaCTEHUSIMU, B TO BpeMs Kak mramm Az39
YBEIUYMJI JaHHBIM noka3arens Ha 30 %. bakrepuanbpHas KOJOHM3aUWs YIy4IIWIA
JIeJIeHUe KJIETOK SIUJEPMHUCA, PA3BUTHE BOJIOKOH IMPOBOIAIIEIO Iy4YKa, POCT BTO-
PUYHBIX CTBOJIOBBIX KJIETOK W TJIOTHOCTh KOPHEBBIX BOJIOCKOB IO CPaBHEHHUIO C Ta-
KOBBIMHU Yy HEMHOKYJIMPOBaHHBIX pactenuit [399]. B apyrom ucciemoBanun 6akTepuu
A. brasilense Cd u Az39 criocoOCTBOBaIM PU3OTEHE3Y M YBEIMUCHHUIO KOPHEBOTO M H-
JIeKCa B YCJOBHSX MOBBIIIEHHON KoHIeHTpauuu NaCl B mUTaTtenbHOW cpene mpu

KyJIbTUBHpOBaHUM pacTeHui »ko0xko00a [309]. Beuio ycraHoBieHo, uyto Oaktepun A.
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baldaniorum Sp245 crocoOHBI yiy4IaTh aKKIUMATH3ALKI0 (PPYKTOBBIX PACTCHUN K
ycnoBusiM €X Vitro [344], a A. brasilense Az39 — noBsImaTh CmOCOOHOCTH K YKOpEHe-
HUIO W ajanTaiuu pacteHuid xoxoba [400]. Ouenka BIUSHHS HATUBHBIX WU30JIATOB
Pseudomonas fluorescens, Azospirillum brasilense u Trichoderma harzianum na
YKOPCHEHUE U aKKJIMMATH3aIMI0 BhIPAICHHBIX IN VItro moOeroB 4as mokasasia moJjo-
KUTEIBHYIO POJIb MHOKYJISIHTOB Ha ATare ajanTallid U BhIpalldBaHUs B cyOcTpare
[357]. B Tom gmcie oTMe4anoch, 4To 00paboTKa OMOCTUMYIISITOpaMU MPEIOXPaHsIa
MUKpPOPACTEHHsI OT KOPHEBOM THWIM U yBSJAHUs, IOCKOJIbKY OHU 00J1a/1ajii OTHOCH-
TETbHO 00Jiee BHICOKON aKTHUBHOCTHIO 3AIUTHBIX (DEPMEHTOB, BKIIIOYAs TIEPOKCUAAZY
U (eHnTamaHnHaMMHuadHyo trady. [lo manabM Perez-Rosales ¢ coaBropamm [271]
pactenust xkoxoba (Simmondsia chinensis L. (Schneider)), wHOKyIUpOBaHHBIC
mrammamu PGPR, Bkimrouas Azospirillum brasilense (Cd), Methylobacterium amino-
vorans (JRR11), Rhodococcus pyridinivorans (JRR22) u cmecr JRR11 + JRR22.,
MOKa3aJId yBEJTUYCHHUE JJIMHBI TTOOETrOB M KOPHEH, a TakXKe U3MEHEHHE KITIOUYEBBIX
(dbepMEeHTOB, yYacCTBYIOIINUX B 3alllUTE PACTCHUN (CYNMEPOKCHUATUCMYTa3bl, KaTaaasbl,
MepoOKCUAa3bl, acCKOpOaTIepokcuaa3bl U HeHuIaJaHMHAMMUAYHOM JIa3bl), 4TO yKa-
3pIBACT HA WHAYIIMPOBAHHBIM CHCTEMHBIM OTBET M TOTCHIIMAIBHOE ITOBHIIIICHUEC
YCTOMYMBOCTY PACTEHUN K aTaKe MaTOTCHOB.

MeToa KJIOHAJBbHOTO MHUKPOPA3MHOXKEHUS IIUPOKO HCIOJIb3YETCS B CEMEHO-
BOJICTBE KapTodens, Tak Kak B OONBIIMHCTBE CTPaH MHUpa CTaHAAPTHl HA CEMEHHOMU
MaTepuai KapTodess BKIIOYAOT dTal 03JJ0POBJICHUS OT (DUTOMATOTCHOB, B TOM YHC-
Jie BUPYCOB, METOJOM KYyJIbTUBHPOBAHUS alMKaJIbHBIX MEpPHUCTeM. B cBS3U C ATHM,
psn paboT MOCBAILIEH M3YUYEHUIO BIMSHUS pU30C(hEpHBIX OaKTepuil Ha MUKpOpacTe-
HUS KapTodens B KyabType in Vitro u ex vitro. ITo nanusiM BosikoroHa ¢ coaBTopamu
[24] GakTepun pona Azospirillum (A. brasilense wr. 410 u A. lipoferum mr. 4014 u
T, JIC-3), uHTpOIyHIPOBaHHBIC B 30HY KOpHEH KapTodels B KylbType in Vitro, BbI-
3bIBAJIM MHTEHCUBHOE pa3BUTHE pacTeHuil. B o6mieii cioxknoctu 150 mrammoB 6ak-
tepuii (Bacillus (63), Azotobacter (50) u Actinomycetes (37)) ObLIM MOABEPTHYTHI
CKPUHHHTY IN VItro, B X0Ji¢ TEIIMYHBIX M TOJIEBBIX HCIBITAHWNA Ha KapTodesne B

MexayHnaponHoMm 1ieHtpe mzyuenusi kaptodens (International Potato Center (CIP),
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Jluma, Ilepy) [281]. BakTepun oOHapyKMBaJIKNCh B TKaHIX KOpHEH, 00pa3ys CKoILie-
HUS B MEXKKJIETHHKaX. TecTs in Vitro mokasanu, 9To OOJBIIMHCTBO HCIOIB30BAHHBIX
OakTepun 00Jaan CBOMCTBAMU, KOTOPBIE MOTJIM OBITh MOJIE3HBI JIJISi CTUMYJIMPOBa-
HUsl pocta pacteHuil. [lomoxxutenbHblil 2PPexT OakTepuzau MUKPOPACTEHUN MO-
KET COXPAHATHCA HE TOJBKO Ha dTane KyJIbTHBHUPOBaHUs IN VIr0 m aganramuu K
YCJIOBHSM €X Vitro, HO Tak)ke MOJKET MOBBINIATh UTOTOBYIO MPOAYKTHBHOCTh pacTe-
Huit [341].

[IpuBeneHHble (akThl TOBOPAT B MOJIb3Y UCIOIB30BAHUSI HEKOTOPBIX OakTepuu
B KauecTBe OUOYA00pEHUN WM OMO3aIIUThI, YTOOBl YMEHBIINUTD UCIIOIb30BAHUE MU-
HEpaJIbHBIX YA0OPEHHUI U MECTUIMIOB B CEICKOM X0351CTBE. bakTepu3anus MOKeET
ObITh OCOOEHHO 3HAYMMOM B IPOM3BOJCTBE OpraHuveckoi mpoaykuuu. bakrepusa-
Usl KaK arpoOMOTEXHOJOTHYECKUI MpHUeM MOXKET OBITh YCIHOIIHO MpPUMEHEHa, HO
3P PEKTUBHOCTh €€ 3aBUCUT OT MHOTHUX (hakTopoB [122, 155]. Brio oOHapy»)eHO, U4TO
MHOTHE MUKPOOPTaHU3MBbI MOJIE3HBI U1 PACTeHUN, HO UX 3()(PEKTUBHOCTD B MOJIEBBIX
yCIIOBUSIX HE ObliIa MOATBEPIKICHA B MOJIEBBIX MCIIBITAHUSIX WJIH TOJIEBBIC UCIIBITAHNUS
He npoBoauauch [628]. ITo manusiM Oswald u coaBTopoB [281] mo cpaBHeHHIO ¢
KyJBTYpoOU IN Vitro, B TOpIICYHON KYJIBType, @ TeM 0OoJiee B TOJICBBIX YCIOBHUSAX HE
yZ1aJI0Ch TOMYYUTh CTAOMILHOTO TIOJIOKUTENBHOTO pe3ynbrarta neicteus PGPR. As-
TOPBI MPEANONAraloT, YTO BBICOKHI MOTEHIMAN BO3ACUCTBUS PU30CPEPHBIX OakTe-
pwii, HaOMrOMaeMbIi IN Vitro He peanusyetcs iN ViVO, Tak KakK YCJIOBHUS Cpeibl Ooliee
CJIO)KHBIE U MHOTOKOMMOHEHTHbIE. [Ipu 3TOM HekoTopeie puzocdepHble OakTepuu
MOJIOKUTEIBHO BIUSUIM HA TPOIYKTUBHOCTh MHHH-KIIyOHEWH KapTodelns Mpu a’po-
nonHoM BeIpanuBanuu [475]. ITo manuaeiM Bacilio ¢ coaBTopamu [545] monoxutens-
HOE BJIMSHUC pU30C(HEpHBIX OAKTEPUH MAKCUMAJIbHO MPOSBISIIOCH B KyJbType iNn
Vitro kaprodens ¥ CHIXKAIOCh MPH MEPEexXojie K TCIUIMYHBIM YCIOBHUSAM, a 3aTEM K
ypOXaro, KOTOPbIA ObUT COOpaH B TMOJIEBBIX YCIOBUSX. ABTOPBI OOBSCHUI OOJBIIIHE
pa3ianuus B yCIEUTHOCTU OaKTepHU3alMi SKCTPEMAIbHBIMU U U3MEHSIOIMMUCS YCIIO-
BUSIMU OKPY>KarolIell cpeibl B MOJIEBBIX YCIOBHUSX 1O CPABHEHUIO C KOHTPOJMpPYE-
MBIMH YCJIOBUSAMHU Jaboparopuu. BeposiTHO, MpeanoyTUTENbHBIM MOXET OBbITh HC-

IMOJIb30BAHNEC KOHCOPHOHWMYMOB MHKPOOPraHM3MOB, KOTOPLIC 6y,ZIYT HUMUTHPOBATD, 110
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KpailHel Mepe YaCTUYHO, MPUPOIHBIN PaCTUTEIIBHBIM MUKPOOHOM, KOTOPBIM SBIISET-
Csl MHOTOYHCIICHHBIM, MYJIbTUBUIOBEIM H MHOTO()YHKITMOHAIBHBIM, a TaKKe HE0O-

XOJMMO YUHTBHIBATh PEAKIIMIO COPTOB pacTeHuit [628].

1.6.4 IMoaucaxapuabl H KOMIOHEHTHI 0AKTEPUAIBbHBIX KJIE€TOK: CBSI3b

¢ Mop(oreHe3oM B KyJbType KJIE€TOK M TKaHel pacTeHuii in Vvitro

B nocnennue roasl Bce Ooblliee BHUMAHHUE YIENSAETCSA CIOKHBIM IOJHCaxa-
pUlaM U KOMIIOHEHTaM KJIETOYHBIX CTEHOK KaK CTUMYJIATOPAaM COMAaTHYECKOTO 3M-
Opuorenesa.

Bb110 yCTaHOBJIEHO, YTO MO/ BIUSIHUEM (DPUTOTOPMOHOB B CYCHEH3HSIX COMATHU-
YEeCKHUX KJICTOK MOYKET U3MEHAThCS OMOCHHTE3 mosucaxapuaoB [359]. Msyuanu Biau-
SHUSI PUTOTOPMOHOB 2,4-TUXJIOPPEHOKCUYKCYCHOM KUCIOTHI U a0CHHU30BOM KUCIOTHI
Ha XMMHYECKUN COCTaB MOJIMCAXAPUJIOB, SKCTPArupOBaHHBIX M3 KIETOK U BHEKJIE-
TOYHOM KUJKOCTU CYCHEH3MOHHOM KYJIbTYphI MIIEHUIBL. [ cpeapl ¢ abCcin30Boi
KHCJIOTOW ObUIO MOKAa3aHO, YTO MOHOCAXapUJIHbII COCTAB BHEKJIETOUYHBIX MOJIMCAXa-
PHUIOB B OCHOBHOM IIPEJICTaBJIEH TIII0K030# (87%), TOraa Kak moimucaxapuabl BHYTPH
KJIETOK ObUTM OOraThl KCUJIO30M U TIIFOKYPOHOBOUM KHCIOTOM. MOHOCaXapuaHblid CO-
CTaB BHEKJIETOYHBIX MOJIMCAXAPUIOB U3 cpeabl ¢ 2.4-]1 mokazan 6-KpaTHOE yBeaude-
HUE apabWHO3bI, 8-KpaTHOE — TaJlaKTO3bl, S-KPaTHOE — KCHUJIO3bI M TIIOKYPOHOBOM
KHCJIOTBI 110 CPABHEHMIO C BHEKJIETOUHBIMH IMOJIMCAXAPUAAMHU U3 CPelbl C aOCIU30-
BOU kucioToi. CocTaB KJIECTOYHBIX MOJUCAXapUaI0B U3 cpen ¢ 2,4-]1 B OCHOBHOM ObLT
cxoqien ¢ ABK u oTimuasncst mOBBIICHHBIM KOJIMYECTBOM MaHHO3BI (B 3 pasa) W Tra-
JAKTYPOHOBOM KHUCIIOTHI (B 2,5 pa3za).

UccnenoBanus bummmOaeBoil ¢ coaBTOpaMH IMOKa3alld, YTO CIIOCOOHOCTH
NoAAep>KUBaTh MOP(OTEeHHBIH MOTEHIMAT JJUTEIbHO KYJbTUBUPYEMBIX TKaHEH
MIIECHULIBI U STYMEHS COMPOBOXKIAETCS MOSIBJIEHUEM BHEKJIETOUHBIX MOJIMCAXapHI0B
[359]. Kpome Toro, ObLT omnpesesicH BHICOKHN YPOBEHb OMOJIOTMYECKONW aKTHBHOCTH
MOJIMCAXapHUI0B, IMOJIYYCHHBIX W3 CYCIEH3HMOHHOW KynbTypbl [50, 164]. ABTopsI
IPEoJIaratoT, YTO MOJUcaxapubl, 00pa3yroIrecs B MpoIecce pa3pyLUIeHUs KJIETOK

KaJUTyCOB, BBI3BAHHOTO BBICOKOW KOHIEHTpauuen 2,4-J1, U30JupyroT HEKOTOpbIE



67

KJIETKH. DTU W30JUPOBAHHBIE SMOPHOTEHHBIE KJIETKA MHUIMHPYIOT COMATUYECKUN
smMOpuoungorenes u auddepeHIuaniio MOPHOUIOB NP CHUKCHUN KOHIICHTPAITUN
2.4-]1. Takum oGpazom, mporpaMmupyemMas KJIE€TOUYHas CMEPTh U CEKPETHPYEMBbIE B
X0J1e THOEHN KIETOK MOJUCaxXapy/ibl UTPAIOT BAXKHYIO POJIb B TIEPEKIIIOUEHUH KIETOK
KaJUTyCOB Ha SMOPUOUJIOTCHHBIN MyTh Pa3BUTHSI, B MOJIEPKAHUU TTyJla YMOPHUOTEH-
HO-KOMIIETEHTHBIX KJIETOK MPHU CYOKYJIbTUBUPOBAHUM, B PETYJISIIIUU (DOPMBI U pa3me-
pPOB KIJIETOK, a TakXke MporeccoB AuddepeHInanud COMaTUYeCKuX 3MOPHOUIOB H
pocTa KaJUTyCHBIX TKaHeit [8].

OpHrM U3 MaJOM3YYEHHBIX acleKTOB Mop(doreHesa sBIsieTcs poJib OHMOTMONIH-
MEPOB KJIETKH B MIPOCTPAHCTBEHHOW M30JIALINY M TIEPBUYHON AuddepeHnnanim Ka-
JYCHBIX TKaHed. Takumu moiuMepamu SIBISIOTCS, HallpUMep, Kaljlo3a U KOMIIOHEH-
ThI TUTHUHA. Kayio3a oTKIIaApIBacTCs Ha HAPY)KHOHM CTEHKe Iuta3maneMmbl [648] u
perynupyer MeXKJIETOUHBIA TPAHCIIOPT BEIECTB. B cuHTE3€ UrHUHA yYacTBYET psij
(epMEHTOB, OJIHUM U3 KOTOPBIX SIBISICTCs Nepokcunasa [4]. B cunTese monmcaxapu-
Jla KaJJIo3bl y4yacTBYyeT Kano3ocuHTasa I, sBistomascs TpaHcMeMOpaHHBIM OEIKOM
ia3mMatudeckoii MemOpansl [383]. Kammo3a W JIMTHUH BBIMOJHSIOT OapbepHYIO
GYHKIUIO U M30MpATENbHO PETYIUPYIOT MEKKIETOUHBIM TPAaHCHIOPT, OT KOTOPOTO
3aBUCUT MOHHBIA OajaHC, SHEPreTUUYECKUN U MIACTUYECKU OOMEH B KIIETKE, BIIMS-
IOLIMII B CBOIO OUYE€pellb Ha pean3alllio BHYTPHUKJIETOUHBIX MPOrpaMM pa3BUTHS U
mupdepenunannu. [lonucaxapua coznaer HEOOXOAUMBIE YCIOBUS ISl CEIEKTUBHOM
peryJisliy CUMILJIACTHOTO U aroIuIacTHOTO TpaHcmopTa BemlecTB. Kamio3a uzonupy-
€T TPYNIbl MEPUCTEMATHIECKIX KIJIETOK OT OKPYXKAroIlel KaJuTyCHOW TKaHU M oOec-
NEeYNBACT, TAKUM 00pa3oM, HOBBIC YCIOBHS AJIA MX (PYHKIIMOHUPOBAHWS, TOBBIIIAS
aBTOHOMHIO HOBOHM KJIETOUHOM CTPYKTYpbl W €€ IPOCTPAHCTBEHHYIO YIHOPSIOYECH-
HOCTh [161]. CkopocTh M HampaBlieHUE JCIICHUS MEPUCTEMATHUCCKUX KIIETOK IMPH-
BOJUT K 00pa30BaHUIO BHICOKOOPTAHU30BAHHOM, YETKO CTPYKTYPHUPOBAHHOM TKAaHU C
BBICOKMM MOP(OTCHHBIM ITOTSHITUAIOM, CIIOCOOHOM K (POPMHUPOBAHHIO MMPUMOPIUCB
BETE€TATUBHBIX OPraHoB. JIFOMUHECHEHTHAs MUKPOCKOMUS TIOKa3ala, YTO OTIOKEHHUS
KaJuI03bl Hambojiee MHTEHCHUBHO MPOHMCXOMAAT B KJIETOYHBIX CTEHKAaX Ha TIPaHULE

MCXKAY MAapCHXUMHBIMH KIICTKAMH KaJlldyCca U MECPUCTCMATUYCCKUMHU KJICTKaMHU, CJIC-
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JOBaTeNbHO, cuHTE3 P-(1—3)-TiIoKaHa sBIsE€TCS BaXKHBIM 3JIEMEHTOM, O0OecrieurBa-
I0IMM 00pa30BaHUE U Pa3BUTHE MOPPOTEHHBIX CTPYKTYp [161].

[IpuMeHeHue >JIEKTPOHHOM W KOH(POKATHbHOM MUKPOCKONUU IS U3YYCHUS
Mop(doreHes3a B Kallycax PacTeHUN MPUBENO K OTKPBITHIO HOBBIX CTPYKTYP M KOM-
MOHEHTOB, OTJIMYAIOIINX MOP(POTEHHBIN 1 HeMop(hOTreHHbIN KaiTyc. Tak Ha3bIBaeMas
(BEPHUCTAsH» WM «y3JoBaTas» CTPYKTypa MOP(OreHHBIX KaJUTyCOB OINKCHIBAJIUCH
paHee KaK MX OTJIMYMTEIbHAas OCOOEHHOCTb. Samaj ¢ coaBropamu [287] mokazamm,
YTO IIAPOBUIHBIC UM MIPOJOJITrOBaThIe KOMIUIEKCHI KJIETOK B MOP(OreHHOM KaJlIyce
KYKYpY3bl COCTOST W3 TECHO CBS3aHHBIX MEPUCTEMATHYECKUX KIIETOK, MOKPBITHIX
oOmielt puObpuIsipHOt 000I0UKOM. DIEKTPOHHAST MUKPOCKOMHS MTOKa3ajaa, 4To 3TOT
MaTepuraj NOKPhIBAET OBEPXHOCTh SMOPUOTEHHBIX KJIETOK B BUJE OTJEIBHOIO CIIOM,
0003HAaYEHHOTO KaK MOBEPXHOCTHasi ceTh BHEKJIeTouHoro marpukca (ECMSN). Hc-
N0JIb3YSl TUCTOXMMHUYECKOE OKpAlllMBaHKE OBLIO YCTAHOBJIEHO, YTO B COCTaB MaTpPHUK-
ca BXoAiT apabuHoranaktaHoBble O0enku (AGP). Hanbonee 3ameTHOe oKkpalnBaHue
ObLJI0O OOHApYX EHO B MEXKKJIETOYHMKAX. boibiive HeIMOpHUOTEHHbIE KaJTyCHbIE
KJIETKU He oKpamuBaauch 3TUM AGP-cnenuduueckum kpacurenem. Mmmynoduyo-
pPECLICHIIUSI C HCIOJBb30BAHUEM MOHOKJIOHANBHBIX aHTuten JIM4 mnokazama, 4To
ECMSN 5sMOpuOreHHbIX KIETOK cHaOxeH snuronom JIM4, B TO BpeMs Kak HEIM-
OpHOTCHHBIC KAJUTyCHBIC KJIIETKH JIMIICHBI 3TOT0 3nuTona [287]. Ces3biBanue apabu-
HOTAJIAKTaHOBBIX OeNkoB crienudpuieckuM peareHToMm «B-D-glucosyl Yarivy mpuso-
IO K MHTUOMPOBAHUIO COMATUYECKOTO 3MOpHOMIOreHe3a B KyJIbType ILUKOpPHUs
Cichorium hybrid "474" (C. intybus L. var. sativumxC. endivia L. var. latifolia). ITo
naHHeIM Verdeil ¢ coaBTopaMu B cOCTaB BHEKJIETOUHOI'O MATPUKCA, MOKPHIBABILIETO
IMOpPUOTEHHbIE KOMIUIEKChI, BXOAWIN [-1,4-TIoioKaHbl, a Takke Kajljo3a M MEeKTHH
[635]. Beuto BBICKa3aHO MPEAION0KEHUE, YTO UMEHHO H30JISIHS KIETOK OT OOIIero
cuMIIIacTa (pOpMUPOBAIA UHUITMAIIBHBIE KJIETKUA MTPO3IMOPHO.

Bobak ¢ coaBropamu [285] moka3zanu, 4To BHEKJIECTOYHBIH MaTPUKC 00pa3yeTcs
BOKPYT IIPOAMOPHO U IIO0YIAPHBIX YMOPUOUIOB, HO HCUE3AET MPH MEePeXojie K CTa-
JUN CEPILIEBUIHBIX U TOPIEAOBUIHBIX dMOprHonaoB. [loBepxHOCTHAs ceTh BHEKJIE-

touHoro marpukca (ECMSN) takke Obuta 0OHapykeHa BOKPYT HEKOTOPBIX KJIETOK U
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MOJIOJIBIX 3MOPUOMOAO0HBIX CTPYKTYP B aHAPOKIMHHOM KajuTyce MIneHHIbl. OTMme-
YaeTCs, YTO MATPHUKC OBLT CTOMKHUM 10 OTHOIICHHUIO K JCHCTBHIO MPOTEa3, YaCTHUHO
paspyuajics Xa0podopMoM U 3(PUPOM-METAaHOJIOM, U TIOJTHOCThIO PACTBOPSILII-
cA eKTUHa30u. [lo Mepe pa3BUTHS PereHEPaHTOB MPOMCXOIUIIA TTOCTEIICHHAS Jie-
rpajaiysi BHCKJIECTOYHOW CETH BIUIOTH JI0 €€ MOJHOTo MCYe3HOBeHUs. B cepuu pabor
Ha KyJbType KatycHoit Tkanu kuBu (Actinidia deliciosa) Obut mpoBeneHo moapoo-
HOE M3YYCHHE BHEKJICTOYHOTO MAaTPHKCAa Ha MOP(OTEHHBIX U HCHOMP(OTEHHBIX KaJl-
aycax [507]. VaeTpacTpyKTypHBIM M THCTOXMMHYCCKHM AHAIM30M IIOATBEPKICHO,
YTO 3Ta CTPYKTypa MOXKET OBbITh CBsI3aHA C MPUOOpeTeHHEeM MOP(OrCHHON KoMmIie-
TCHIIMH U, TAKKM 00pa3oM, MOKET CIYXXUTh €€ CTPYKTYPHBIM MapKepoM B KaJLIyce
[625]. Bbuia pa3paboTana METOOJIOTHS aHATKM3a BHEKJIETOYHOTO MATPUKCA C TIOMO-
IO CKaHUPYIOIIEeH dyieKTpoHHON MuKpockonuu [506]. OOpa3oBaHne BHEKICTOUYHO-
ro MaTpUKCca OTMEUEHO TAKKE MPH MPSIMOM COMATHYECKOM 30PUOMIOTCHE3e U3 JIU-
crbeB Drosera spathulata Labill. [192]. TIpu 3ToM Hanu4Kke BHEKJIETOYHOI'O MaTPHK-
ca He BCEria COMPOBOXKIACTCS (HOPMUPOBAHHUEM MPOAIMOPHO M COMATUYCCKHM M-
OpHOHMIOTeHE30M, Kak ObLIO TOKa3aHO Ha KaJUTyCHOM KyJbType TOMuHaMOypa
(Helianthus tuberosus cv. Albik) [286].

B kayycax MIIEHUIIBI TaK)Ke BBIABICHO MOSBICHUE KAJUIO3HOM 000J0YKH BO-
KPYT KJIETOK KOMIETEHTHBIX K SMOpPHOTEHE3y, a TakKe 2-4-X KJIECTOUHBIX MPO3IMOpHO,
KOTOpas 3aTeM ucue3aeT Ha ctaauu rio0yisl [9]. Tlo MHEHHIO aBTOPOB, 00pa3oBaHKe
KaJIJIO3bI BBI3BIBACT Pa3pbIB MEKKJICTOUYHBIX CBSA3EH M HMCUYC3HOBEHHE ILIA3MOIECM,
CIIOCOOCTBYET TIEPECTPOIKE JIEMEHTOB IIUTOCKEICTa U BOSHUKHOBCHUIO HOBOW OCH
HOJISIPHOCTH B MOp(OTeHHO# KiteTke. BeposTHO, posib Kauio3bl 3aKitodaercst B (hu-
3MOJIOTUYECKON M30JIALNN, PETYISIUN aCCHMETPHUHBIX KIETOYHBIX AEICHHHA M CO-
XPaHCHHUHU KU3HECITOCOOHOCTH KJIETOK M paHHUX MPO3MOPHO B CTPECCOBBIX YCIIOBHUIX
KyJBTYpHI IN Vitro, B ToM uucie neictus 2,4-/1.

XUTO3aH, MOJUMEPHOE JICAl[CTHIMPOBAHHOE TIPOM3BOIHOE XUTHHA, €CTCCTBEH-
HBIM 00pa30M IMPUCYTCTBYET B KJICTOUYHBIX CTEHKAX HEKOTOPHIX TpruOoB. OH coueTacT
B ceOe YHUKAJIbHBIN HA0OP YHHBEPCAIBHBIX (PH3MKO-XMMHUYCCKMX M OHUOJOTHMUECKUX

XApPaKTCPUCTUK, YTO ITO3BOJIACT MCIIOJIB30BATL €0 B MIMPOKOM JUAITIA30HE ITPHUMCHC-
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uuit [202, 363]. XuTo3aH UCIOIL3YyEeTCS B OCHOBHOM B Ka4eCTBE €CTECTBEHHOM 00Opa-
OOTKM CeMSIH M PacTECHUI KaK YCHIIUTEIb POCTa U HKOJIOTMUYECKU YHCTOE OUOMEeCTH-
IIUTHOE BEIIECTBO, KOTOPOE TIOBHIIIAET BPOXKACHHYIO CIIOCOOHOCTh pacTEHUH 3alllu-
AThCSl OT TPUOKOBBIX MH(PEKIINIA, a TAKKE KaK CTUMYJISITOP JISJICHUS U POCTA KIETOK
pactenumii [201, 634]. B psae ucciaenoBaHuil Moka3aHa BO3MOXHOCTb CTHMYJIHPOBA-
HUS POCTa KyJbTYp KJICTOK M TKaHEW pacTeHWi IN VItro mox aeficTBHEM XUTO3aHa,
IpU STOM YPOBEHb €r0 OMOJOTHYECKONW aKTUBHOCTH 3HAYUTENILHO 3aBUCUT OT MOJe-
KYJIIPHON MacChl M CTEIEHHU JeaneTuinpoBanus Makpomosiekyn [208]. Tlpesparre-
HUE MEPUCTEeMATUYECKUX OKCIUIAHTOB OPXUIEH B MPOTOKOPMOMOJOOHBIE Tela
(PLBS) yckopsuiock 10 15 pa3 B IpUCYTCTBUU KPEBETOYHOTO M TPUOKOBOrO XUTO3aHA
B xkwukoi cpeze [201]. B padore Arda Acemi [120] Obuto MOKa3aHO, YTO MPABUIILHO
oT00paHHasl KOHIICHTPAIMs XUTO3aHA C M3BECTHBIM ypoBHeM N-aleTHIMpOBaHUS
MOKET BBICTYIAaTh aJIbTE€PHATUBON OCH3WJIAMHUHOIYPUHA M KACMOHOBOW KHCJIOTHI B
KyJbType TKaHEeW OpXujed, aHAJTOTUYHO CTUMYJIMPYS POCT MPOTOKOPMOB M KOpHEH.
JoOasnenue ot 2,5 1o 98,2 Mr/in xuto3aHa B KUIKYIO Cpedy Uil KyJIbTUBUPOBAHUS
CYCIICH3MM KJIETOK JieKapcTBeHHOro pacrenust Azadirachta indica crumysmposaio
YBEIMYCHHE CHIPOH M CyXOH MacChl KJIETOK M HAKOIJICHUE BTOPUYHBIX METaOOHMTOB
(a3amupaxTuHa, MEBAJIOHOBOM KHUCJIOTHI U ckBajieHa) [290]. XoTsl TOYHBIN MeXaHU3M
JEUCTBUS JIO CUX TOP HEU3BECTEH, HO MHOTHE MCCIIEJIOBAHUS MOKAa3aJld, 4TO JK30-
TCHHO TPUMEHIEMBIH XHTO3aH CTPEMHUTEIIBHO MHIYITUPYET OKHCIUTEILHBIN CTpecC,
BBICBOOOXKaeT 1TuTOXpoM C ¥ JOTOTHUTEIFHO YBETUYMBAET aKTHBHOCTH Kacmas3bl-3,
410 TpeOyeTcs s mpaBwIbHOTO (popmupoBanus smOpuona [203, 469, 479].

D¢ dexkTnBHOCTE IMOpHOTreHe3a MuKpocnop parca (Brassica napus L.) npu-
mepHO B 1,8 pa3a Bo3pocia B oTBeT Ha 10 mr/n xuro3ana B Teuenue 2 mHei [123].
Bricokuii ypoBeHb XHUTO3aHA TIPH 3TOM OBLT BPEIEH U SMOPHOTeHE3a MUKPOCIIOP
JI0 TaKOW CTEMEHHW, 4YTO dMOpHOTeHe3 ObUI MOJHOCTHI0O MHTHOMPOBAH B KYJIbTYypax,
noaBepruyThIX Bo3zaeicTBri0 50 u 100 Mr/m xuro3ana B Teuenue 5 queit. Ho BbIco-
K€ YPOBHU U TPOJOKUTEIHHOCTh 00pabOTKM XMTO3aHOM MPHUBEIH K YCHIECHHOMY
KaJTycOOOpa30BaHMIO, TaK YTO CaMO€ 3HAYMTENIbHOE OoO0pa3oBaHWE KaurycoB (88 u

79 %) nabmonanock B npucyrctBun 100 mr/n xuto3ana B TedeHue 1 aus u 20 mMr/a B
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TeueHue 2 JHeH, cooTBeTCTBeHHO. OOpaboTKa XUTO3aHOM He Oblia OJaronpusiTHOM
JUTS HOPMQJIBHOTO Pa3BUTHS PACTEHUH-PETEHEPAHTOB HA BCEX MCIBITAHHBIX YPOBHSIX
u cpokax. [lo MHeHMIO aBTOPOB, 3(D(PEKTUBHOCTh MHAYKIIMM dMOPHOreHE3a MUKPO-
CTIOp U pereHepanusi pacCTeHH MOKET OBbITh yiydllieHa 00paboTKOI XUTO3aHOM MPHU
YCIIOBUH, YTO ObUIM BbIOPAHBI COOTBETCTBYIOIIKME YPOBHHU U IPOJOJIKUTEIHLHOCThH UH-
KkyOammu [123].

MexaHu3M JCHCTBUS XHWTO3aHA B PACTUTEIBHBIX CHCTEMax, B TOM YHCJE B
KyJbType IN Vitro moka He coBceM siceH. [Ipeamonaraercsi, YTO XUTO3aH aKTHBHPYET
pEeakIuyu PacTCHUH C MOMOIIBIO PA3IMYHBIX CUTHAIBHBIX ITyTEH, BO3ICHCTBYIOITUX
Ha HECKOJBKO BTOPUYHBIX MECCEHIKepoB M (hakTopoB Tpanckpuruuu [181, 200].
Bo3MokHO y4acTue crerupuieckux OeKkoB-pelenTopoB xutozana [181, 370, 422],
AIIEKTPOCTATUICCKUX B3aMMOJICUCTBHI C OTPHUIATEIIBHO 3apsHKEHHBIMU MOJICKYJIaMU
KJIETOYHOW CTEHKH U TUIa3MaTUYECKON MeMOpaHbl KJIETOK, TAKUMU KaK JIUIOMOJIUCA-
Xapuibl, OCJIKK ¥ HOHBI MeTaJIoB [174, 422]. C reneTrueckoi Touku 3peHusi, Zheng
¢ coaBTopamu [181] B mpopocTKax MIICHHUIIBI OOHAPYKEHO OOJIBIIOE KOJTHMUSCTBO T'e-
HOB UyBCTBUTEIBHBIX K XUTO3aHY CBSI3aHHBIX C (POTOCHHTE30M, IEPBUYHBIM METa00-
JU3MOM YTJIEPOJia ¥ a30Ta, 3alUTHBIMH pPEaKUsIMU U (aKTOpaMu TPAHCKPUIIIHH.
ABTOPBI TIPEATIOIATAIOT, YTO XUTO3aH MOXKET 3aIyCKaTh MyTh Mepeayyl CUTHaIA Je-
pe3 acCOIMUPOBAHHYIO C KJICTOYHOW CTEHKOW KHHA3y, KaJlbIIMi/KaJIbMOTYyJIHUH-
3aBUCUMYIO0 NMPOTEUHKUHA3y U (ocPaTUAMIMHOZUTONI-cienupuyunyto docdonumnazy
C, 94TO B KOHEYHOM UTOTE MPUBOAUT K y4acTUIO (PaKTOPOB TPAHCKPHUIIIINH, CIIOCO0-
CTBYIOIIMX POCTY pacTeHui [443].

bakTepun Takke MOTyT OBITh MCTOYHHKOM BHEKJICTOYHBIX IIOJIMCAXapHJIOB,
KOTOPBIE CTOJIb K€ CTPYKTYPHO U (HYHKIIMOHATIHLHO PAa3HOOOpa3HbI, KaK U OaKTepuw,
KOTOpbIE UX CHHTE3UpYI0T. OHM MOTYT MPUCYTCTBOBATh BO MHOTHX (hOpMax, BKITFO-
yasi CBA3aHHBIC C KJIETKAMH KalCyJbHbIE TIOJUCAaXapU/Ibl, HECBSI3aHHYIO «CIIU3bY» U B
KauecTBe KoMIoHeHTa O-aHTUTEHA JIMITOTIOJIMCaxapuaa CO CTOJb Ke MTUPOKUM CIICK-
TpoMm Ouonornyeckux ¢GyHkuuid. K HUM OTHOCATCS YyCTOMUYMBOCTH K BBICBHIXAHMIO,
3aIyTa OT HECTIEIU(PUISCKOTO U CHEupUIECKOro UMMYHHUTETa X03s1MHa, obecrede-

HUE KOHTaKTa ¢ MakpomapTHEpoM M Tak jgaiee [146]. MiMeroTcs Takke CBEICHHS O
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TOM, YTO OTJI€NIbHbIE KOMIIOHEHTHI U META0O0JIUTHl MUKPOOHBIX KJIETOK, COAEpKAIIIe
N-aneTuirioko3aMuH, Takue Kak XuTuH, nentuaormkad (PGN), ntunononucaxapu
(JITIC), nmunoonurocaxapuasl (JIOC) u puzoOuansHblil dakTop KIyOHEOOpa3zoBaHUs
(Nod-factor), MOTYT BBICTYIIaTh B POJIM CUTHAIBHBIX MOJICKYJI, CIIOCOOHBIX BHI3BIBATH
UMMYHHBIC MJIH CUMOMOTHYECKHE OTBETHbIC peakiiuu pacteHus [278, 521]. Tlokasza-
Ho, uto JIIIC HapyxHOW MeMOpaHbI acCOIMAaTUBHBIX Oakrepuid poma Azospirillum
SBIISICTCS. OJJHUM M3 aKTUBHBIX KOMIIOHEHTOB OaKTEpHAIbHOM KIIETKH, OMpEIeIsio-
MM KOHTAKTHBIC B3aMMOJICHUCTBUS C KOpHSAMH pacTeHuil [369] m mpuHHMAarONMM
ydacTue B MpoIleccax, MHAYIUPYIOMIUX OTBETHBIC PEAaKIMH PACTEHWH HA STH B3au-
mopeiictBus. [lo manaeiM Chéavez-Herrera ¢ coaBropamum, JIIIC Azospirillum bal-
daniorum Sp245 BnusIM Ha HEKOTOPHIC ACMEKThl PA3BUTHS IIIICHUIIBI, TAKHE KaK
CTapeHHe pacTeHUH W oOpa3zoBaHHe KoJockeB [245]. Ecth mannble, 4To 00paboTKa
JITIC xopHEe# MpOpOCTKOB MINEHHIIBI IN Vitr0 BbI3bIBaja YBEJIMYCHUE COJCPIKAHUS B
TkaHsax O», HyO2 1 nepokcuaspl, 4TO B UTOTE BHIPAXKAIOCh B YMEHBIIIEHUE COJIEP-
XKaHUs XJIopoduiia, HO YBEITMYCHUU COJEp)KaHUs Kpaxmania, a depe3 4 CyToK — B
CTUMYJIAIIUU pocTa pacTenuit [242].

Mexanusm Bozaeicteus JIIIC Ha poCcT KIETOK M OPraHOB PACTEHMM MOKa Cla-
00 usydeH. Ilo cambiM cBexkuM naHHbBIM Hernandez-Esquivel ¢ coaBropamu [496]
JITIC Azospirillum baldaniorum crumynupyer y Arabidopsis thaliana curnaibHbIit
nyTth Target of Rapamycin (TOR) depe3 nobitienne aktuBHOCTH (hepmenTa pocdo-
munasel D (PLD), xoTopblit MmeTabonmu3upyeT GpochHOoNumuabl B KISTOYHBIX MeMOpa-
HaX, B pe3yJbTare yero oodpasyercst Gocharumnas kuciaora (PA), siBistomasics: BTo-
PUYHBIM TTOCPETHUKOM, YIACTBYIOIIUM B aKTHUBAIIUW CUTHAJBHBIX MyTEH, CBI3aHHBIX
C TIpOIIeCCaMU PA3BUTHS U PEAKIUSIMH Ha PA3JIMYHBIE DKOJOTHUYECKHE CTPECChl. AK-
tuBansg [TOR mpoucxoAauT yepe3 MOBBIIIEHUE ypOBHS 3kcrpeccun reHa S6K1, a
Taxxe pudocomanbHbIX 0eakoB RPS27B u RPL7B, M3Menenus B akcripeccun pudo-
COMHBIX TEHOB MOXET U3MEHSTh CBOMCTBA prOOCOM, BJIMSISI HA TPAHCISALNIO OCITKOB
U, CJIEI0BATEIBHO, POCT KIIETOK.

B nuteparype ouens mano uccinenoanuii ponu JIIIC acconmaruBHbIX OakTe-

pI/Iﬁ HIIM JPYTUX KOMIIOHCHTOB KJIICTOYHBIX CTCHOK B IIPpOHECCaX HX COBMCECTHOI'O
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KyJbTUBUPOBAHMSI C PACTUTEIBHBIMH KJICTKAMH U TKaHsAMH IN Vitro [247]. YcraHos-
aeHo, uto Nod-(hakrop cTuMynupoBall comaTuueckuii sMopuorenes y Daucus carota
[532] u crocoOcTBOBaN pa3BuTHIO IIPodMOproreHHbIx KomiuiekcoB (PEMs) y Picea
abies [267]. Jlumoonurocaxapunbl Nod-hakrop Rhizobium crumynuposamu dpopmu-
pPOBaHHE COMATUYCCKMX SMOPHUOMIOB MYTAHTHOW JIMHUM MOPKOBU C TEPMOYYCTBU-
TeNnbHBIM 3MOpHounaoreHe3om [532]. UccnenoBanus Tellstrom ¢ coaBropamu [600]
nokazamu, yro JITIC Sinorhizobium meliloti B cycieH3unoHHO# KynbType KIETOK U3
xopHeit Medicago truncatula uarubupoBanu okucauteabHbiil crpece [600]. dpyroii
uH(OpMAIMK O POJIU KOMIIOHCHTOB OaKTepPHAIbHBIX KIECTOK Ha MOP(OreHe3 KIeTOK

Y TKaHeW pacTeHHUH B KyJIbType IN VItro He oOHapykeHO.
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CoOcTBEeHHBIE HCJIeT0OBAHUS

I'naBa 2 MarepuaJjibl 1 MeTOAbI HCCJIET0BAHMI

2.1 MarepuaJjibl uccjie10BaHUi

WccnenoBanus BIusHUS OaKTEpUANbHBIX KJIETOK M UX JIMIONOIMCAXapUI0B Ha
Mop(doreHe3 B KyJIbType COMaTHICCKUX TKaHEH IN VItro mpoBOAMIUCH HA MOJICIHLHOM
nape nmoutd uzoreHHbIX JuHUAX (NIL) sipoBoii Msrkoii mmenuibl (Triticum aestivum
L.) copra CapaToBckas 29, paznuyaromuxcs ajuleisIMd T'eéHa KOPOTKOCTEOETbHOCTU
Rht-Blc¢ n Rht-Bla (cub, BbICOKOpOCHas ceCTpUHCKas JuHMS). 1 co3MaHMs MO-
JICILHOTO HA0Opa JTMHUN TIPEIBAPUTEIILHO B KYJIbTYPE COMaTHYCCKHX TKaHEH IN VItro
ObUTM M3y4YEeHBI 5 TIap TMOYTH W30TCHHBIX JIMHHIA, allbTepHATHUBHBIX 1o reHam Rht-Bl
(amtenmn Rht-Bla — muxuii Beicokopocisiid Tuir;, Rht-Blb u Rht-B/c¢ — xopoTkocte-
OenbHbIN THIT), rhtl4, s1, Q [186]. Bce nuauu ObLIM CO3MaHBI JOKTOPOM OHOJIOTHYC-
CKHMX Hayk, mpodeccopom JloGaueBbiM FO.B. MeTO/10M BO3BpATHBIX CKPEIIUBAHUMN C
orbopoM Ha (enotHI pekyppeHTHOro copta [63]. ITporecc oTbopa MOACIBHEBIX JIH-
HUUW 7151 TPOBEEHUS UCCIIEIOBAHUM OIMCAH B IJ1aBe 3.

Copr CaparoBckast 29 BbIBEAEH B Hay4YHO-UCCIEAOBATEIBCKOM HWHCTUTYTE
cenbckoro xossiictBa FOro-Boctoka Merogom crymeHdarod rubpuaumszanuu. [lo-
ciemaHee ckpemmBaHue: Anbouaym 24 x Jlrorecuenc 51/11. PogonavanpHOe pacte-
Hue BoiaeneHo B 1940 romy. Copt paitonupoBan B 1957 romy. ABTOpbl copTta —
[lexypaun A.Il., MamonToBa B.H., Kynukos H.H. CaparoBckas 29 (pa3HOBUAHOCTH
JIIOTECIIEHC) — COPT CPEHECIICIIbIN, OTIIMYAETCS] BBICOKOW YCTOMYMBOCTBIO K 3aCyXe U
MJIACTUYHOCTHIO. MYKOMOJIBHO-XJIEOOTIEKapHBIE KayecTBa BBICOKHME, OTHOCUTCA K
CHWJIbHBIM TMIIIEHUIIAM, JIO0 HACTOSIIIETO BPEMEHH OCTAeTCS ATAJIOHOM IO KauyeCTBY
3epHa. B npou3BoacTBeHHBIX ycnoBusax Kazaxcrana B 1968 r. momyden ypoxai 3ep-
Ha 3Toro copta 5 1/ra, a Ha bepezockom I'CY Kpachosipckoro kpast B 1973 r. — 5,1
T/ra. B roasr cBoero paciBera copt CapatoBckas 29 3anuman 6omnee 21 MiH. Ta. mo-
ceBHo 1iomanu (MamonTtoBa B. H., 1977). DToT copT Bo3aenbiBasicss B 27 o0Oina-

CTAX, Kpasix H pecny6nm<ax OCHOBHBIX 30H TOBApHOI'0 IIPOMU3BOACTBA IIICHUIIBLI
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CCCP [78]. CopT BXOAUT B POJOCIIOBHYIO OOJIBIIIMHCTBA COBPEMEHHBIX OTEUYECTBEH-
HBIX COPTOB SIPOBOM MSITKOU IMIITEHHUITBI CTEITHOTO SKOTHIIA.

Brusgaus 6akTepHalibHBIX KJIETOK U UX JIUMOIMOJIMCAXAPUI0B HA MUKPOKIOHBI
KapTodes B KyabType IN VItro u ex Vitro n3y4anaocs Ha MUKPOPACTECHHUSX KapTodes
U3 TepecaJiouHou In Vitro-kosekiuu kadeapsl «PacTeHHEBOICTBO, CEICKIUS U Te-
Hetuka»y OI'BOY BO BaBuioBCKHI YHUBEPCUTET, CO3AAHHONM METOAOM KYJIbTHBU-
pPOBaHUS alTMKAIBHBIX MeprucTeM. KoeKius BKITIF0UaeT 03710pOBICHHBIC MEPUKIIOHBI
6onee 20 coptoB. Mcnonb3oBamuch copra kaprodens, BKIOYeHHbIe B [ocynap-
CTBEHHBIN peecTp CENCKITMOHHBIX JTOCTH)KCHHUH, MTOMYIMIEHHBIX K HMCIOJIb30BAHHUIO B
Poccuiickoit ®enepaunu (http://reestr.gossort.com) U peKOMEHI0BaHHBIE ISl BbIpa-
IIMBaHUA B 3acynuIMBbIX ycioBusx 8 pernona (Hesckuit, Konmop), He pekomeno-
BaHHBIC JUIsI JAHHOTO PETHOHA, HO IMMUPOKO PACTIPOCTPAHCHHBIE B MPOU3BOICTBE (AB-
popa, Pozapa, Pexg Ckaprerr).

B kawectBe MHKpOMapTHEPOB IS  CO3JAHUS  PACTUTEIHLHO-MHUKPOOHBIX
accoranuid ¥ BbiaeneHus JunononucaxapunoB (JIIIC) B cepuu 3KCIEpUMEHTOB
UCCIIEI0OBAIM KOJUICKIIMOHHBIE mTaMMbl Oaktepuii: Azospirillum baldaniorum Sp245
(mo 2020 rona A. brasilense Sp245 [303]), 4. brasilense Sp7', SR55, SR75; A.
lipoferum SR65; Escherichia coli K12; Ochrobactrum cytisi IPA7.2. lanHble
mrammbl  Oaktepuii (Tabmmma 2.1) ObuIM B3ATHI U3 KOJUIGKIIUU PHU30C(EPHBIX
mukpoopranuzmMoB UB®PM ®UIL[ CHI] PAH Ne 1021 (WDCM — World Data Centre
for Microorganisms) (http://collection.ibppm.ru).

[tamm Ochrobactrum cytisi IPA7.2 6s11 Beigenen B 2012 roay U3 roMoreHara
OTMBITBIX ~KOopHed kaprodens (Solanum tuberosum L.) copra Hesckuii,
MPOU3PACTABIIETO B 3 KM IOro-BocTouHee noc. HoBonmymikuHckoe (DHreabCCKuil p-H,
CapatoBckass 001.; N 51°21'28.04” E 46°9'23.82”), Ha craguu Hadaia
dbopmupoBanus KIyOHeH. bakTepun BhIACISIIM HA TBEPAOH 0€3a30TUCTON MalTaTHOU
cpene NFb (N-free bromothymol blue medium) cnenyromero cocraBa (T/7):
so6mounas kucinora — 3,8; KoHPO4-3H,0 — 0,4; KH,PO,4 — 0,4; MgSQO4-6H,0 — 0,2;
NaCl — 0,1; Na,MoO,4-12H,0 — 0,002; FeSO, (B xenatHoMm komiuiekce ¢ EDTA) —
0,02; arap-arap — 15 (pH noBoaunu NaOH ngo 7,0).


http://collection.ibppm.ru/
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Ta6nuna 2.1 — KosieKiMoHHbIE IITaMMbl pU30ChEpHBIX OakTepHil

Ne OO6mbekT, u3 ko- | Opran
ABTOD,

n/ | LramMmMm | TOporo BeIIEICH | pac- MECTO CcbliiKa Ha KOJUIEKIUIO

II mTaMM TCHUA
Azospiril- J. http://collection.ibppm.ru/

1 lum [MTienwuia CODIHI Dobereiner, | catalogue/azospirillum/az

" | baldanior | (Triticum sp) P IMacy- ospirillum-brasilense/47-
um Sp245 Oyuay ibppm-219.html
Azospiril- J. http://collection.ibppm.ru/

Pocuuka nexa- . .
lum N Dobereiner, | catalogue/azospirillum/az

2. : yas (Digitaria | kopau . .
brasilens decumbens) Puo-ne- ospirillum-brasilense/20-
e Sp7” JKaneiipo ibppm-150.html

- JL.N. http://collection.ibppm.ru/
Azospiril- | TTmenuna TBep- .
- ITo3musxo- | catalogue/azospirillum/az
lum nast (Triticum . :

3. : xopuu | Ba, JLC. | ospirillum-brasilense/26-
brasilens durum) copr Denonosd ibopm-18. html
e SR55 XapbKkoBckas 46 AOPOB4, PP '

Caparos
Azospiril- | TImenuna mar- JLN. http://colIectlon._lpppm.ru/
- [To3nusiko- | catalogue/azospirillum/az
lum bra-| xas (Triticum | ceme- - .

4, | . i Ba, JI.C. ospirillum-brasilense/27-
silense aestivum), copt HA | oo oooma ibopm-22_ html
SR75 CapatoBckas 29 AOPOBa, PP '

CapatoB
Azospirill | Tlmeruna Teep- JL.N. http://cc_)lIectlon.lbppm.ru/
. [To3mHsKO- 62-ibppm-44.htmi
um nast (Triticum

S5 | KopHHU | Ba, Capa-
lipoferum | durum), copt Ka
SR65 CapatoBckas 40 ropeKad

0011
JL.N. http://collection.ibppm.ru/
.. ITmenwnma mMar- )
Azospirill Ny [To3aHsKO- 60-ibppm-21.html
kas (Triticum
6. |um  sp. : KopHH | Ba, Capa-
aestivum), copt
SR66 TOBCKas
CaparoBckas 55
001.
A.JL Usa- | http://collection.ibppm.ru/
Ochrobac Kaprodenb HoBa, M.A. | catalogue/ochrobactrum/o

v trum (Solanum CODIHI [Tomosa, chrobactrum-cytisi/233-

" | cytisi tuberosum L.) P Hosomym- ibppm-544.html
IPA7.2 copt HeBckuit KHHCKOE,

Caparos
Esche- Stanford | http://collection.ibppm.ru/

8. | richia YEJIOBEK - University, 234-ibppm-204.html

coli K12 USA
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[Tponomxkenue Tadauibl 2.1

Tymatikuna | http://collection.ibppm.ru/
I0.A., collection/kocuria/kocuria
: Kaptodenn
Kokuria MapkcoB- -rosea/
(Solanum . .
9. | rosea tuberosum L.) KOPHHU | CKHi1 pailoH
T1Ks19 cont Kom o. Caparos-
p 71ob CKoM1 001a-
CTH
Enteroba Tommam6yp EB. http://c_olIectlon.lbppm.ru/
10 | cter : pu3o- collection/enterobacter/en
(Helianths Kproukoga,
cloacae TUTaH terobacter-cloacae/
K7 tuberosus L) CapatoB

[lepBoHauanbHO MMTaMM ObUT WACHTU(GUIIMPOBAH HA OCHOBAHUHM CpPaBHEHUS
nocienosatenpHocTelt JIHK renoB 16S pPHK kak Ochrobactrum lupini IPA7.2, a
3aTeM HAa  OCHOBAaHWUM  IIOJJTHOTGHOMHOTO  CEKBCHHPOBAHHUSA 10  JaHHBIM
MYJIbTHJIOKYCHOTO aHanmu3a mnocienoparenpHocteir (MLSA) kak Ochrobactrum cytisi
IPA7.2.

JIIC O6bmn mpepocrtaBiienbl  cotpyauukamu WUBOPM  ®UI[ CHI[ PAH
bypeiruaeim I'.JI. u ®emonenko HO.II. B pamkax J0TOBOPOB O TBOPYECKOM

COTPYIHUYECTBE.

2.2 MeToauka U3y4eHHs BJIAMSHUA 0AKTEPUAIBHBIX KJIETOK
U UX JIUIOINOJIMCAXaPHI0B HA MOP(doreHe3 B KyJbType COMATHYECKHX TKaHeH
MIIeHuUsbI N Vitro

JIOHOpHBIE pacTeHHs MIICHUIIB BBIPAIIMBAINCH B TIOJEBBIX YCIOBHSX, TpU
TOM 00€CIeYNBAIIUCH BCE YCIOBHS 11 POPMUPOBAHUS 3JOPOBBIX PACTEHHIA.

[ToceB B moJyie OCYIIECTBISUICS PYYHBIMU CESUIKAMH C PACCTOSTHUEM MEXKIY
pacTeHHUSIMH B PALY 5 cM U Mexy psagamu 20 cM. B TedeHne BereTai mpoBOIUICS
HEOOXOUMBIN yXOJI 32 PACTEHUSIMU.

Bce paboThl ¢ KyabTypaMu TKaHEW BBINOJHSUIUCH YYETOM TpeOOBaHUM, M3JI0-
KEHHBIX B psijie MeToaudeckux pykoBoacTs [1, 12, 13, 14, 53]. Bce paGoThl 0 Kyiib-

TUBHUPOBAHUIO OAaKTepUil M WX HAECHTU(UKALUKA Ha MUKPOPACTEHUAX METOJAMHU UM-
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MyHOIU(PPYy3HOTO U UMMYHO(DEPMEHTHOTO aHan30B, BeiaeneHuto JIIIC Oakrepuii, a
Takke OMOXMMHYECKHE aHaIu3bl pacTeHUil (ompeneneHue xiopoduiuia, GpepMeHTOB
U JIp.) MPOBOJWIN COTPYAHUKH jaboparopuu ummyHoxumuu MBO®PM PAH Bypsl-
ruH ['.JI. n EBceeBa H.B. B paMkax 10roBopoB O TBOPYECKOM COTPYIHHUYECTBE, IPH-
BEJICHHBIX BBIIIIE.

3€pHOBKH MIIECHULBI BEIWICHSIUCH U3 KOJIOChEB Ha 14-16 cyTku mocne nBere-
HUSI, YTO COOTBETCTBYET ONTHUMAIBHON CTAqUU PA3BUTHUS JIA MOJYYCHUS] Kajlyca B
KyJIbType in vitro [218, 317]. 3epHOBKH, M3BJICYCHHBIC U3 LIEHTPAJIbHON YacTH KOJIO-
ca, CTEpUJIM30BAIUCH B pacTBOpe xjopamuHa 3% 6 MuHyT uiu B pactBope «Domes-
tos» 10% B Teuennu 10-15 munyT. BpiwiieHeHHE 3apoabllel U3 36pPHOBOK MPOBOIH-
JIOCh B CTEPHJIbHBIX YCIIOBUSIX JIAMHUHAp-00Kca ¢ COOJIIOICHUEM TIpaBUiI acenTuku. B
yamku [letpu Ha MOBEPXHOCTh MUTATEIBHON Cpe/lbl MOMEIIAIUCH 3apOJIbIIIM IIUT-
KOM BBEpX ISl TTOJIYYEHHS IIUTKOBOTO KaJuTyca, OTIIMYAIOIIETrocs: OT SMUOIacTOBOTO
OoJtee BBICOKO# aMOpHoreHHo crocodnocteio [240, 317, 318]. B kaxmom BapuaHTe
OmbITa 3aKiagbBAIOCh HE MeHee 200 3apoasiiieit. s KyaTbTUBUPOBAHUS HCIIOIB30-
Banack cpena Jluncmaiiepa-Ckyra (JIC) [414], spustomiascs MoauduKamuendn cpesl
Mypacure-Ckyra [455], ¢ conepxanuem 2,4]1 2 mr/n u caxapo3ssl 30 r/n. KynbtuBu-
pPOBaHUE OCYUIECTBIISIIOCH B TEMHOTE MpH Temmeparype 25 °C.

JIJist IpoBeIeHUs UCCIIEIOBAHUN KYJIbTYphl OaKTEpHil BhIpAIIMBAIIN 10 KOHIIA
sKCHOHEeHIManbHOM (a3wl (18 yacoB) Ha kuaKoN ManatHoM cpeae (MSM), conep-
x)amei (r/m): manatr Na — 5 r, KH,PO, — 0,4 r, KoHPO, — 0,4 r, NaCl — 0,1 1,
MgSO4 — 0,2 1, FeSO4x7H,0 — 0,02 1, Na,M00O4*x2H,0 — 0,002 r, NH4Cl — 1 r (pH
6,8-7,0) [232], npu 30°C Ha potopHoM 1eiikepe (120 rpm). KieTku ocaxkmaaiu meH-
tpudyrupoBanueM npu 3,000g B 0,12 M docharaom 6ydepe (PBS) (pH 7,2), co-
nepxkariem (r/im): KH,PO4 — 0,43; Na;HPO,4 — 1,68; NaCl — 7.,2. JInst otMbIBKH OakTe-
PUATBHBIX KJIETOK OT KYJIbTYPATbHOM KUJIKOCTU IeHTpudyrupoBaimu B Oydepe PBS
nBaxabl. [lomydeHHO# cycrnieH3ueil *UBBIX OaKTepUil MHOKYJIMPOBAIU SKCILIAHTHI
(3apOJIbIIIN) Ha 3Tale UX BBIWICHEHUS ITyTEM MOrPYXKEHUsSI B CYCIIEH3UIO Ha 2-3 MU-
HyTbl. B npyrux BapuaHTax omneita, Kammo 0aktepuil (10 MKr) HAHOCHIIM Ha KYJIbTH-

BHpyeMble Kalutychl. KonmenTpanus 6aktepuii B cycnensuu cocrasisiaa 104-108 kie-
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TOK/MJI. Micnonb30Baiiv skMBbIe OakTepuu uin youtsie HarpeBanuem 10 100 °C B 3a-
BUCHUMOCTH OT LIEJIEN SKCIIEPUMEHTA.

Jlunononucaxapuael sl U3ydeHUs BIUSHUA OakTepuil Ha MopdoreHes B
KyJIbType COMAaTHUECKMX TKaHed mmeHulsl Obmn BeigeneHsl demonenko HO.IL
(MUB®PM PAH) u3 u3y4aeMbIX IITaMMOB OakTepuii mo metomauke [225, 572, 573].
Jlunononucaxapuasl BBOJWINCH B COCTaB MUTATEIBLHOM Cpelnbl Ml KyJIbTHBUPOBA-
HUS KaJUTyCOB MIICHHIIB B KOHIeHTparmmu 1, 10, 100 Mr/n mepes aBTOKJIaBUPOBaHU-
eM.

[Tonydennsii kKamryc aHanuzupoBayicss Ha 30 cyTku KylnbTuBHpOBaHMS. Orre-
HUBAJIMCH CJEAYIOIIME IMOKa3aTeNM: BBIXOJ OOIIEro KOJMYecTBa OOpa30BABILIMXCS
KaJULyCOB OT YHMCJIa HHOKYJIMPOBAHHBIX 3KCIIAHTOB (%); BBIXOJ MOP(GOTreHHBIX KaJ-
JYCOB OT OOIIEro 4Kciia MOJYyYEHHBIX KAJUTyCOB U OT YMCJIa MHOKYJIUPOBAHHBIX JKC-
w1aHToB (%); BbIX0 MOP(OTEHHBIX KaJTyCOB C HaYaBIIMMCS IIPOLIECCOM pereHepa-
UM 100ETr0B Ha MHUIMAJIBHOM MUTATEBHOM Cpelle OT YMCiIa MHOKYJIMPOBAHHBIX
HKCIJIAHTOB, OT OOIIEr0 4YKCJia MOJMYYEHHBIX KaJUTyCOB M OT 4uciIa MOP(OreHHBIX
kasutycoB (%).

Mop@doreHHbie Kalychbl CyOKYyJIbTUBUPOBAINCH HA MUTATENILHOM cpene s
pere’epanuu TOro ke cocraBa, HO ¢ 3ameHou 2,4/] na ¢uroropmonst YK u ku-
HeTUH B KoHleHTparuu no 0,5 mr/n. Ha 30 cyTku aHanu3upoBaiu moka3aTesu: Bbl-
XO0J1 paCTEHUM-PEreHEePaHTOB OT 00IIero uucia 3KCIianToB (%); BBIXOJ pacTEHUM-
pEreHepaHToB OT uuciaa MoOp(OreHHbIXx KamurycoB (%); KOJMMYECTBO paCcTCHHII-
pereHepaHToB Ha KajulyC; JUIMHA (MM), KOJIMYECTBO JUCTHEB (IIIT.), CBIPON U CyXOH
BEC paCTEHUN-pETreHEePaHTOB (MT).

[IpoBOIMIOCH U3yYEHNE HAKOIUIEHUSI MOJIEKYJISIPHOTO MapKepa MEpUCTEMATH-
YEeCKUX KIJIETOK — nponudeparuBHoro anturena uaunuaneit (IIAW) B kamrycax miuie-
HULBI. YeThIpHAALIATH-CYTOYHBIE 3apOBIIIN MIIEHUIBI KyJIbTUBUPOBATUCH 30 CyTOK
Ha cpene JIC ¢ 2,4]1 2 mr/mn, a 3aTeM Mop(hOTeHHBIC KaJUTyChl TIEPEHOCHIIUCH IS Pe-
reHepanuu Ha cpeny bneinza ¢ conepxkannem MYK u kuneruna mo 0,5 mr/ia. Ot6op
npo6 Ha [TAW mpousBoausics B MOMEHT 3akiaaku 3apojsimeii (0 cyTtku), Ha 8, 15,

22, 30 cytku (cpena c 2,4J1) u Ha 32, 35, u 39 cytku (cpena 6e3 2,4/1). Kaxnas npo-
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0a cocTosisia U3 TpeX KCIUIAHTOB, KOTOpPhle OTOMpaIach B TPEX MOBTOPHOCTAX. AHa-
a3 copepxkanus [TAW npousBomwmiics o meroauke [87] meromoM TBepaodasHoro
UMMYHO(EpPMEHTHOTO aHanu3a. JlJist 3Toro cyMMapHbie BOJIOpacTBOpUMbIE (pakiiuu
KAJUTYCHBIX OEJIKOB, HOPMHPOBAHHBIE 110 KOHIIEHTPALMA CyMMAapHOro Oeiika, HaHO-
cwi 1o 50 MKI B KaKIYIO JYHKY MOJUCTHPOJIOBOro rmianmera («Meanoaumepy,
Cankr-IletepOypr). CBoOoHbIE cBA3U Ha mnonuctuposie OmoxupoBanu 0,05% pac-
TBOpOM noJudTWICHr UKo (M.m. 20000). AHTUTEH BBISIBISIIN C MOMOIIBIO KPOJIH-
ybuX MOHOCHenpuueckux anturen k [IAW u MeueHbIX nepoKcuaa3oi KO3bUX aHTH-
Kpoinubux antuten («Sigmay, CIIIA). B kauecTBe cyOCTpaTHOrO peareHTa UCIoib-
30BaJIM OPTO(PEHUICHANAMHUH C NEPEKUChI0 BoJopoaa. MHTeHCHBHOCTh XpoMogop-
HOTO OTBETA, MPSIMO MPONOPIMOHANbHYIO KonnuecTBy [IAUW B oOpaslie, onpeaensiv
C MoMouIpl0 UMMyHOpepMmeHTHoro ananuzatopa (Thermo, Finland) npu anuue Bon-
Hbl cBeTa A=490 uMm. [lapannensHo B 1uu ot6opa npod Ha [TAUW npoBoamnacek Bu3y-
aJlbHas OIICHKA HapacTaHHUs KOJM4ecTBa MOP(OreHHBIX KAJTyCOB IO OTHOIIECHHUIO K

oO1eMy KosimuecTBy KamutycoB (%).

2.3 MeToanka u3y4eHusl BJUSIHUA 0AKTePHAJIBbHBIX KJIETOK H UX

JIMIOMOJIMCAXAPH/I0B HA MUKPOKJIOHBI KapTodes B KyJabType in Vitro u ex vitro

Mukpopacrenus kapTodens B KOJUIGKIUH B KyJlbType IN VILro MeToaoM BbI-
YICHEHUS allUKAJIbHBIX MEPUCTEM 110 METOAMKAM MOJYyUYE€HHs 03J0POBICHHOTO MOCa-
no4yHoro marepuana kaptodens [52, 55, 73, 79]. PacteHust KyJIbTHBHPOBAJIMCH Ha
nutatenbHou cpene Mypacure-Ckyra (MC) 6e3 TOpMOHOB € COAEP>KaHUEM CaXapo3bl
30 r/n u arap-arapa 7 r/n [455] npu temmeparype 23-25°C, BiaaxxkHOCTh Bo3ayxa 70%,
WHTEHCHBHOCTH OCBEILCHHS JIIOMUHECIICHTHhIME Jlamniamu Flora (Osram) 60 mxwm
M?/c, nauHe aHs 16 yacos. IlaccMpoBaHUE Ha CBEXKHUE CPEIbI MPOBOIMIOCH KayK/IbIe
30 cyrok. KoHTpoab 3apa)K€HHOCTH MUKPOPACTEHUIl BUPyCaMU IPOBOJUICS METO-
JIOM OOpaTHOM TPAHCKPHIIIMH, COBMEIICHHON C TOJIMMEPA3HOM IICITHOW peaKIuel B
peanbHoM BpemeHu (OT-IILP-PB) ¢ ucnonb3zoBanrem HabopoB mpousBojactea OO0
«Cuntom». Onpenensyii BUPOUJ BEPETEHOBUAHOCTH KiyOHel kapTtodens (Potato

Spindle Tuber Viroid (PSTVd)), X u Y Bupycs (Potato virus X, Potato virus Y), M u
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L Bupycel (PVM u Bupyc ckpyuuBanus iuctbeB kaptodens PLRV), S u A Bupycsl
(Potato virus S, Potato virus A). IIIIP B peanrsHOM BpeMeHH MPOBOAMIA Ha 000PYI0-
Banuu AHK-32 npouszBoactea OO0 «CHUHTOID.

JUist mpoBeieHUsl ONBITOB MUKPOPACTEHHUS B YCIOBUAX JaMUHaAp-OOKca pasje-
JSUTM HA MUKPOUYEPEHKU C OJIHUM JIMCTOM M TMa3yIIHOM MOYKOW M MOMENIaIN B Mpo-
Oupku Ha nuTaTeabHy0 cpeay MC 6e3 TOpMOHOB MOJIHOTO WJIM MTOJIOBUHHOTO COCTa-
Ba MUKPOCOJICH C coIepkaHuEeM arap-arapa 7, 3,5 I/1 Wwiu Ha XHIKYI0 cpeny (B 3a-
BUCHMOCTH OT IieJiel sKcrepuMenTa). [lomydeHHble KynbTyphl EPEHOCHIN TSI BbI-
palMBaHus Ha CTEUIAXKW JIs KyJIbTHUBUPOBaHMS. [[IMTENTbHOCTh KyJbTUBHUPOBAHUSA
coctanisiia 20 unu 30 cyTok (B 3aBUCMMOCTHU OT Iiesel skcnepumenTa). [Ipu HeoO-
XOJJMMOCTH KOHTPOJISl TMHAMUKHU POCTa pacTeHUi uepe3 Kaxbie 5-10 cyTok KyabTu-
BUPOBAHUS HM3MEPSUIM CIIEAyIOIIMe MOP(OJOrHYecKre MNapaMeTphl: JJIMHA MoOera
(MM), KOJIMYECTBO Y3JI0B Ha moOere (IIT.), KOJIUYECTBO KOpPHEH Ha pacTeHuu (IUT.),
MaKCUMaJIbHasl U CPEeAHss JUIMHA KOpHs (MM), ChIpasi U Cyxasi Macca pacTeHUN WU
yacTeil pacTeHui (Mr).

Ha 20 cyTku KyJIbTUBUPOBAHUS JOMOTHUTEIBHO BBISBIISIN OAKTEPUH HA KOP-
HSIX PAcCTEHUM M ONPENesIi MUTOTHYECKHUN HMHJIEKC MEPUCTEMATUYECKUX KIIETOK
NPUJATOYHBIX KOPHEW MHKpPOKIOHOB Kaprodens [231]. Konunku kopaei (2-3 Mm)
dbuKcUpoBaIu B YKCYCHOM KucioTe—3Tanoie (1:3), okpammBanm aieToreMaTOKCUITH-
HoM (Diaem Co., MockBa, Poccuiickas ®enepaius), MalepupoBaiv GepMEHTOM I11-
Ta3ou U paccmaTpuBaiii B Mukpockore Leica DM 2500 (I'epmanust) npu yBeTH4eHUH
x600. B ka)X10M 3KCIEPUMEHTE MPOBOAUIOCH TPU IMOBTOPEHHUS, B KAXKIOM U3 KOTO-
PBIX aHAIU3UPOBAIMCH KOHUMKU KOPHEH, BBIPE3aHHbIE U3 IIATHU pacTeHUi. B kaxxaoM
KOHUYMKE KOpHS aHan3upoBanochk He Menee 1000 kieTok.

Cycnensueii Gaktepuii (108 KI€TOK/JI) MHOKYIMpPOBAIM MHMKPOPACTEHMS Ha
dTare YepPeHKOBAaHUS TaKUM 00pa3oM, 4TOOBl KOHEYHAs] KOHIICHTpAIlus OakTepuil B
cpene cocrasuna 10%-10° xi./mi pactBopa. KOHTpOIEM CIIyXKUIIM CTEPUIBHO BBIpa-
HIEHHbIE MUKPOPACTEHUS 0€3 UHOKYJIALMKU OaKTepUSIMH.

Jl7is yCTaHOBJICHUS HAJIMYUS KU3HECIIOCOOHBIX KJIETOK OaKTepHil, acCOLUUPO-

BaHHBIX C KOPHSIMHU pacTEHUN KapTodess MPOBOIUIICS MHUKPOOHUOJIOTMYECKUN TECT.
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J171st 5TOTO M3 pa3HBIX 30H MPUAATOYHBIX KOPHEW OMBITHBIX U KOHTPOJIbHBIX BapHUaH-
TOB OBLIM BbIpe3aHbl (PparMeHThl JUIMHOM OKOJI0 5 MM U momelieHsl Ha MSM, co-
nepsxairyto 1,5% arap-arapa. O6pasipl KyJIbTUBUPOBAIA B TEPMOCTaTE 3 CYTOK MPH
30°C. Tlocne 3TOor0 M3 30H 00OpacTaHusl MPOBOAWIM BbiceB HAa MSM st moclenyto-
nero UMMyHoOAUGEGY3MOHHOTO aHalM3a CO MITAMMOCTICIU(PUISCKUMHU aHTUTEIaMU
(AT) npoTHB oIpeaeIsieMoro mraMma OaKTepHi, MOJydeHHBIMH 110 MeToauKke [429].

JUIst KOHTPOJIsL HaTM4YKUsl OaKTepuil Ha KOPHIX MUKPOPACTEHHUI POBOAUIN UM-
MyHO U Py3HBIN ananu3. [[BoitHyr0 uMMyHOAMB(DY3HIO B arapo3HOM reje OakTepu-
JIbHBIX IIPEMNAapaToOB C AaHTUTENAMH K KJIETKaM OaKkTepuil MPOBOJMIM MO CTaHJAPTHOU
metoauke [476]. Jlnst monydeHus mpemapatoB KieTku oTMmbiBaM PBS, ocaxmanm
neHTpudyrupoBanreM 1 oopadarbiBaiau B TeueHue 30 MUH IIpU KOMHATHOM Temrie-
patype akctparupyromuM Oydepom (pH 8.5) cnemyromero cocrasa: 0,1 M Tpuc-
HCI, 10 MM D]JITA, 0,1 MM PMSF, 1% tputon X-100 (komuuectBo DJITA cocrag-
asu10 0,05 MM Ha 1 r BIaXXHBIX KJIETOK). DKCTPAKT OCBOOOXKAAIN OT KJIETOK LIEHTPU-
¢yrupoBanueM. Peaknuio mpeuunuraudyd NPOBOAMIM Ha CTEKIISHHBIX IUIACTHHAX
9x9 cMm B 1 %-HOM arapo3HOM reiie, IpurotoBiieHHOM Ha PBS. Pe3ynbrarsl onbiTOB
onieHUBAIN depe3 1-2 cyTok. [Ipu 3TOM mIacTUHBI BHICYIIMBAIINA, OKPAIIMBAJIN B pac-
TBOpe KyMmaccu OpuinuanToBoro cuiero R-250 n obeciiseunBaim B BOJHOM PacTBO-
pe, conepxkaieM 45 % stunosoro ciupra U 10 % yKCyCHON KHCIIOTHI.

Ui onpeneneHus JOKATU3alM MHUKPOCUMOMOHTOB Ha IMOBEPXHOCTH KOPHEU
MHUKPOKJIOHOB KapTo(essi HCIOIb30BAIN (DIyOpEeCliEHTHYI0 MUKpOCKONHio. Jljist 3Toro
KOpHH 20-TH CyTOYHBIX PEreHEepaHTOB pa3pe3anu Ha (hparMeHTsl JiauHou 10-15 MM u
0JIHOKpaTHO oTMbIBaJIK B 3PP (5 muHn). biokupoBky Hecnenupuyeckux cailToB CBs-
3piBaHus mpoBoauin 0,05% pactBopom monuatuienrmkoss 20000 (I1310) B TeueHue
OJIHOTO Yaca. 3aTeM HAHOCWJIM MEepBUYHBbIE KpOJIMYbU aHTUTeNa (AT) K KieTkam A.
baldaniorum Sp245 (xonmentpamus 50 mkr/mu). ITociae >Toro KOpHH OTMBIBAIH B
3®P+TBun-20 (3 paza o 15 muH). B kauecTBe BTOPUUHBIX AT UCMOJIB30BAIN OCIIH-
HbI€ aHTUKPOJIUYbU AT JJIs1 (IyOpecleHTHOM MHUKPOCKONHUH, KOHbIOTMPOBAHHBIE C
dayopectenanzotHonranatoM (OAAT-OUTIL) (kornentpanus 100 MKr/Mi) mpouns-

BojcTBa ['YHUM snunemuonorun u MukpoOuosorun uM. akagemuka H.®. "'amaneun
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PAMH. 3arem 006pa3iibl 1Bakapl oTMbIBa B 3P+ TBUH-20, moMemand Ha Mpe-
METHOE CTEKJIO M aHAJM3HPOBAJIM C HMCIOJIb30BAHMEM CBETOBOTO MHUKPOCKOIA W3
KOMILTEKTa JlazepHoro auccekropa Leica LMD 7000 B IleHTpe KOIIEKTUBHOTO IOJIb-
30BaHUsl Hay4HbIM obopynoBanuem «Cumouoz» MBOPM PAH. B kauectBe KoH-
TPOJIsi UCIIOJIb30BAIM HEMHOKYJIUPOBAHHbIE KOPHU PETEHEPAHTOB.

JIns u3ydeHus BIMSHUS OakTepuil Ha aJanTalMio K yCJIOBHSIM €X VItro xoH-
TPOJIbHBIE U MHOKYJIMPOBAHHBIE OAKTEPUSIMU MUKPOPACTEHHUS BHICAKUBAIUA B COCY/IBI
¢ nouBoM. Mcnonb3oBasiach roToBasi HECTEpUIIbHAS MOYBA KOMMEPYECKOM Mapku Ter-
ra Vita. Cocyasl ¢ pacTCHHSIMUA TIOMEIIATHM Ha CTEIUIAXH B OPAaHKEPEIO MU KIMMa-
THdeckyto kamepy Bynder (I'epmanus) npu temmepatype 24-25°C; BJIaXHOCTH BO3-
nyxa 60-70%; HMHTCHCHMBHOCTH OCBEIICHHS JIIOMHHCCIICHTHBIMH Jjammamu Flora
(Osram) 60 mxm M?%/c, nauae aus 16 gacos. Uepes 10-20 cyTok nzmepsiiu Mopdoiio-
TMYECKHUE MapaMeTphbl pACTEHUIA: BHICOTA PacTeHUs (MM), KOJIMYECTBO JTUCTHEB (IIIT.),
IJIOIIAb TUCTHEB (CM?).

[Tocne aTOro pacTeHHs BBICAXKUBAINCH B OTKPBITHIN TPYHT 10 cxeme 0,4x0,4 m.
[ToronHble ycaoBUS aJanTallid W BbIPAIIMBAHUS B OTKPBITOM TPYHTE HE PETYJIHPO-
BAJIUCh U SBJISUIUCH CTPECCOBBIMH JUIsl PACTEHUM (B HEKOTOpHIE JTHU TeMIlepaTypa
BO3/yXa B JHEBHbIE yachkl npeBbimana 30°C, BIa)XHOCTh BO3yXa COCTaBIISLIA MEHEE
60%, CKOpOCTh BETpa B METPOBOM MPU3EMHOM CJIO€ TIpeBhImana 3-5 m/c). B nmepuon
BEreTaly MPOBOJWICS YXOJ 3a PACTCHUSIMU: TOJIMB, MPOIMOJIKA, PHIXJICHUE, IO/JI-
KOpPMKa MHUHEPAJLHBIMH yI0OPEHUSIMH, KOMIUIEKCHAsE 00paboTKa mpoTuB O0je3Hel 1
BpeauTenei. Yepez Tpu HeNENIW MOCJE BBICAJIKH, a TaKXe MPU HACTYIUIEHUU (a3bl
OyTOHM3alMM W Hayalla [BETEHHS] PACTEHUU MPOBOJIUIIOCH U3MEPEHHE CIEAYIOIIMX
napaMeTpoB: J10Js1 BBDKUBIIUX pacTeHui (%), BbICOTa pacTeHUi (CM), KOJIMYECTBO
noOeroB Ha pacTeHuu (IIT.), YUCIIO JTUCTHEB HA PAcTeHHH (IIT.), MJIOLIAAL JTUCTHEB
(cM?). Y6opky KinyOHeit nmpoBoauin B a3y yBsmaHus GOTBEL [10ACUUTHIBAIM KOJH-
YEeCTBO KIIyOHEH Ha OJTHOM pacTeHuH (IIIT.), MacCy KaKI0ro KiIyoHs (T), Maccy Kiyo-
Hel ¢ ogHOoro pacteHus (T).

Jlnst cpaBHeHUS BiusiHUS pu3ocdepHbix 0akrepuit A. baldaniorum Sp245 u sk-

3oreHHo UYK B coctaBe nmurarenbHOM cpebl U3ydanach 3KCIPECCHs] FT€HOB YTHIIU-
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3allMM UHAOJUIYKCYCHOM KHUCHOTHI. JlecsTH-CyTOYHbIE MUKPOPACTEHUS KapTOQes
copta HeBckuii ObUIM TIOJBEPTHYTH BO3JCHCTBHIO cycnieH3nn OakTepun A. baldani-
orum Sp245 B KOHIIEHTpaLUH 10® ki1./MJI TUTATETBHOM Cpelbl, a TaKKEe IK30M€HHOU
NYK B xonnentparuu 1, 0,1 u 0,01 mr/n. B xagecTBe KOHTPOIISI HCIIOIH30BATIH pPac-
TeHus 0e3 00paboTKU. AHAIN3 HKCIIPECCUU T€HOB MPOBOIMIIN Yepe3 3 CYTOK.

DKCIpeccuio TeHOB M3ydyaiu MeTonoM oOpaTHoil Tpanckpunuuu PHK ¢ mo-
cineayromum TP B peansHoM BpeMenu. Mcnonap30Banu cTaHIapTHBIE HAOOPHI AJIs
Boiieniennss PHK, oOpartnoit Tpanckpunuuu u IIIP-PB npousBonacTtBa kommanuu
OO0 «Cuntom». s Beiaenenusa renoMHoil PHK uncnons3oBanu Habop peareHToB
JUISL BBIACJIEHUS HYKIICMHOBBIX KUCJIOT U3 pacTteHnil «Putockpun». [locne nerpana-
muun [JHK dbepmentom JIHK-a3zoi npoBoauin oOpaTHYIO TPAHCKPUIIIIMIO C UCIIOJb-
3oBanueM Habopa OT-PB. Brixon JIHK cocrasnsin 3-4 mkr Ha 10 Mr Tkanu. B kaue-
CTBE KOHTPOJISI AKCIPECCUU HCIOJIb30BAIM TE€HbI <«JIOMAIIHETo Xxo3sicTBa»: TUB,
GAP. Hcnons3oBasiu ctanaaptHeie HaOopbl 11s BigenaeHuss PHK, oGparHoi Tpan-
ckpunuuu u [I[P-PB komnanum «CunTOm». OJUTrOHYKJICOTUIHBIE MpaniMepbl s
[P taxxe Obutn cuHTe3upoBanbl OO0 «Cunrom» (Tadauma 2.2). Uccnenosanu 3
reHa U3 MOpeasioKEHHBbIX ucchenoBarensmu Junpeng Gao ¢ coaBropamu (2016), a
takxke AMI, TIR1, GH3.1, IPAM, GH3. OTHOCHUTENBHBIN YPOBEHb IKCIIPECCUU paC-
CUYMTHIBAIIM 110 MeTomy 2724¢ [416].

OnpeneneHre Kamuio3bl B KOPHIX pacTeHU KapTodess mMpoBOAWIOCH IO METO-
nuke Millet ¢ coaTopamu [362]. CermenTsl kKopHei (1,5-2 ¢cM) momemanuch B (hUK-
catop Kapnya (3TaHon: ykcycHas kucioTa 3: 1) Ha HOUb. 3aTeM KOPHHU MOCTEIICHHO
peruapatupyrotcs B /0 %-HoM 3TaHose B TeueHue 2 yacoB, 50%-HOM dTaHOJIE B Te-
YEHUE JIOMIOTHUTEIBHBIX 2-X YaCOB U BOJbI B TeueHue Houu. [locie 2-X mpoMbIBaHUM
BOJIOM cerMeHThl KopHei oOpadateiBatoTca 10% NaOH u nomematores npu 37° C Ha
1-2 gaca, 9TOOBI TKAHU CTaJIN Mpo3payHbIMU. [loce Tpex Win YeThIpeX MPOMbIBAHUN
BOJIOM CerMeHThl KopHel nHKyoupyrotes B 150 MM K2HPO4, pH 9,5 u 0,01% anu-
JIM-HOBOT'O CHMHEr0 Ha HECKOJIbKO 4YacOB. 3aT€M CEIrMEHTHI KOPHEN MOMEIIAITCA Ha
MIpPEIMETHBIC CTeKJIa, M HAOJI0IaeTCs Kajlio3a cpasy ke Ha JTa3epHOM MHKPOJIUCCEK-

tope Leica LMD 7000 ¢ ¢uryopecrieHTHOM npucTaBkoi [362].
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Ta6nuna 2.2 — Ipaiimepsr mist TIHP-PB nis n3ydenus skcnpeccuu T€HOB YTHIIN3a-

R050%1 HHHOHHHYKCYCHOﬁ KHCJIOTBI

I'en [Ipstmont miparimep OOpatHblit ipaiimep
TUB GTTACTTGCTGTTTGAGATTCCCTG CTGTCAGGTAACGTCCATGACG
GAP GGTTAAGGATGAGAAGACCCTTC GCGGAGATCACAACCTTCTTG
StIAA3 ATTGTGGGACTCAAGGATT ACAAACATCTCCCAAGGTA
StIAA1S TAGAAGCGAGCTACGTTAA CATATCCCAAGGTACATCA
StIAA20 ACCCAGCACGACTGTTTGT TTCCGTCATTTCTTTCCAT
AMI GGCTTACAGCATCAATGGCG CACCAGTATCCGTTCCTAATGCG
TIR1 CCGTTTGGAGACAAGGCTCT TCTTCGTCCAGCCACAGTTC
GH3.1 CTCCAGGGTGATTTCTGT TTCTTTGGTCCACTGTCT
IPAM TGTTTTGGACATTGGTGCAT AACGGTGCCACATGAAAACT
GH3 GAGACGAAAACTCCAGGTGG CGCTCATAGAGACCGCAGAG

[Tpumeuanune — okychl StIAA, BXoasT B cemelicTBO reHoB KapToders Aux/IAA
1o JaHHBIM Potato Genome Sequencing Consortium,
http://potato.plantbiology.msu.edu/.

JIyist onpenienieHust Kajuio3bl B JIMCThSIX PACTeHUM KapTodessi CeTMEHTHI JTUCThb-
eB ¢ 3-x pacTeHul kaptodensa nomemarorcs B yamku [lerpu u 00e3B0oXHUBarOTCS a0-
COJIFOTHBIM 3TAaHOJIOM B T€4eHUe 12 4acoB. 3aTeM OHU MEPEBOAITCS MOCIEI0BATENb-
HO ot 100% »stanona mo 67 MM K,;HPO, (pH 12,0) yepe3 pacTBOpBhI MOCTEIEHHO
YMEHBIIIAIONIUXCS KOHIEHTpalui stanona (Hampumep, 100%, 75%, 50%, 25% u
0%). 3aTem mucths okpammBaroTcs 0,01% (mac./00.) aHUJIMHOBBIM CUHUM B 67 MM
K2HPO4 (pH 12,0) B Teuenue 1 4 nmpu koMHATHOU TemrepaType. OKpallieHHbIN MaTe-
puUall IEPEeHOCUTCS Ha MPEIMETHBIC CTEKJIa U HAOJIF0aeTCsl Kajlo3a cpa3y e Ha Jia-

3epHoM mukpoauccektope Leica LMD 7000 ¢ dbmyopeciieHTHOM MprucTaBKOM.

2.4 CraTucTH4ecKHii aHAJIM3 JaHHBIX IKCIIEPUMEHTOB
Bce akcnepruMeHThl TOBTOPSIMCH TPHXKIBL. B aKcniepuMeHTax ¢ KyJbTypamu

COMAaTUYCCKHUX KaJJIyCOB IIMICHHIIbI B KaXXIOM BapHaHTC OIIbITa 3aKJIaJAbIBaJIOCh B
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cpeadeM 200 skcrutanToB (N=200). B 3KCIIEpUMEHTaX ¢ MUKPOKJIOHAMH KapTodes B
Ka)XJIOM BapHaHTE OMbITa 3aKiIaAbIBaioch B cpennemM no 40 mpodbupok (N=40) c pac-
teHussMu 1 1o 30 pactenuit (N=30) npu BeICaaKe B yCIOBHS €X VItro.

Cratuctuueckass o0paboTKa pe3yibTaToOB MPOBOJIMIACH C HCIOIb30BAHHEM
MaKeTa MporpaMM CTaTUCTUYECKOTO U OMOMETPUKO-TEHETUYECKOT0 aHajanu3a B pacTe-
nueBogcTBe u cenekiun AGROS, Bepcus 2.10 [67] m mporpammser Statistica 6
(StatSoft). Beruncisutack craHgapTHas U OTHOCHUTEIIbHAS ONITHMOKH OIbITa, HANMCHb-
mas cymectBeHHas paznocts (HCP), a Takke nmpoBoAMIMCh MHOYKECTBEHHbBIE CpaB-
HeHus no kputeputro dumepa (Fpaer) U 10 TecTy [lyHkana. IlomydeHHbBIE naHHBIE
PAHKHUPOBAJIM COTJIACHO 3TOMY TECTY MpH ypoBHE 3Haunumoctd p = 0,05, 4To mo3Bo-
JUJIO OMNPENENUTh JTOCTOBEPHOCTh PAa3IN4YMil UCCIEAYyEMbIX BapUaHTOB. BapuaHThI,
COMpoOBOKJaeMble B TaOnuax u auarpamMmax OJMHAKOBBIMHU JIATUHCKUMU OyKBamH,
pa3IMyaIich HE3HAUUMO Mo TecTy JlyHkaHa. /[ kauecTBEHHBIX MOKa3aTelel ao-
CTOBEPHOCTh Pa3IMYMil OIEHUBAIN METOJAMU BapUallMOHHOW CTaTUCTUKU AJIbTEpHA-
TUBHBIX (IBOSIKOBO3MOYKHBIX) MPU3HAKOB MpHU ypoBHE 3HaYUMOCTH p = 0,05 wiu p =
0,01 na ocnoBe kputepus CTbrojieHTa tos WM to1 M CTAHAAPTHOTO OTKJIOHECHUS
s=[p(1-p)]*? [40]. DdbdexTsr Rht-renos (%) ompenensiuch MyTeM CONOCTABIEHHS
3HAYCHUN M3y4aeMOro MpU3HAKa Y HU3KOPOCIBIX U UX CECTPUHCKUX BBICOKOPOCIIBIX

JIUHAUN.
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I'naBa 3 I'eHeTHYecKasi MOeJIb VISl H3yYeHUs] BJUSAHUSA MOp(doreHesa

B KYJbTYpe COMATHYECKUX TKAHei MIIeHHIbI iN Vitro

3.1 U3yuenue 3¢peKTOB reHOB KOPOTKOCTE0eJIbHOCTH B KYJIbTYpe
COMATHMYECKUX TKaHel MIIeHHIbI iN Vitro

D dexTuBHOCTH MOP(HOTCHETUIECKUX MPOIIECCOB B KYJIBTYpE KICTOK U TKaHEH
pacteHuid in Vitro B OOJIBIION CTETICHH 3aBHCHT OT TeHOTHNa. Kak ObLIO MOKa3aHo B
nyHkTe 1.5 rmaBel 1, MHOTHE HMCCIENOBaHUS 10 M3YUCHHUIO MOpQOreHe3a pacTeHHUN
MIPOBEICHBI Ha MOJICTBHBIX O0BEKTAX, B KAUYECTBE KOTOPBHIX OOBIYHO HCITOJIB3YIOTCS
COpTa C BBICOKOW «OT3BIBUMBOCTHIO» K KYJIBTHBHPOBAHHUIO, TO €CTh COpPTa, CIIOCO0-
HbIC C OOJIBIIION BEPOSTHOCTHIO (OPMHUPOBATH KaJLTyC, MOP(OTEHHBIE CTPYKTYPHI
(3MOpuoubl, MOYKK) U PETEHEPUPOBATh PACTEHUS. AJTBTEPHATUBOM TAKOTO MOJAEIIb-
HOTO copTa OOBIYHO BBICTYIAET COPT C HU3KOW CIOCOOHOCTBIO K MopdoreHesy in
vitro. OfiHaKoO copTa pasIMyaroTCcs MEXIy COOOM JeCATKaMU U COTHSIMH T'€HOB B Ca-
MBIX Pa3JIMYHBIX KOMOWHAIIHASAX, YTO JIEIacT TaKylo Mapy HEAOCTaTOYHO PETpe3eHTa-
TUBHOHM C TOYKH 3PCHHS JIbTEPHATUBHOCTH B OTHOIICHUHM W3y4aeMOTO IMpH3HAKa U
HapyIaeT MPUHIINAT €JUHCTBEHHOTO Pa3Indus JUCTICPCUOHHOTO aHajan3a. B cBs3M ¢
STHM, OCOOCHHBIA WHTEPEC MPEICTABJISIOT MOYTH M30TCHHBIC JTUHHUH, UICHTHYHOCTD
KOTOpbIX cocTtaBiisier Oosnee 99%. B mynkre 1.5 rmaBel 1 ommcana rpymmna T€HOB,
OTIPEAETSIONNX TPOIECCH pPealn3alii TOTUIMOTEHTHOCTH KIIETOK PAcTeHHUU, HO C
TOYKHU 3PEHUS MPAKTHYECKOW PACTEHUEBOJICTBA U CEJICKIIMN OCOOBI MHTEpPEC Mpe/l-
CTaBJIAIOT T'€HBI, JCTCPMUHHUPYIOLUIUE XO3SMCTBEHHO-IICHHBIC MPU3HAKH, HAIpUMED,
T'CHBI, OTBEUAIOIINE 3a CHIDKCHHUE BBICOTHI pacTeHui. [Ipu 3TOM, Kak W3BECTHO, TCHBI
00Jaar0T HE TOJBKO MPSMBIMH, HO M TUICOTPONMHBIMU d(PdeKTaMu Ha pa3IudHbIC
MIPU3HAKH, B TOM YHCJIC Ha 3Tarbl MOP(POTrEHETHICCKUX MPOIIECCOB B KYJIBTYpe Kile-
TOK M TKaHEH pacTeHuii in Vitro.

CkpyHUHT HaboOpa M30TCHHBIX CECTPHHCKHX JIMHWH, abTEPHATUBHBIX TIO Te-
HaMm KopoTtkocteOenpHocT Rht-BIb, Rht-Bic, Rht-14, s1, Q, co3aHHBIX B TE€HOTHIIC
copra CapatoBckas 29 [63], mpoBomwics B KyJbType HMBUIBHUKOB H COMAaTHYECKHX

TKaHel IN VItro Msarko# mimeHuIpl. JIMHUKM ¢ U3ydaeMbIMUA FeHaMH ObUTH 0003HaYe-
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uel: JIRht-B1b, JIRht-Blc, JIRht-14, JIs1, u JIQ. CooTBETCTBYIOIIHE BHICOKOPOCIIBIC
cubb1 Obu 0003HaueHsl: JIRht-Bla, JIrht-14, JIS1, u JIq B pesynbsrate mpoBeaeH-
HBIX MCCJICIOBAaHUN OBLIIO YCTAHOBJICHO, 4TO TeHbI cucTeMbl Rht, a Tarke S1 u Q, ox-
HO3HAYHO ONPENEIISIONINE HAa YPOBHE IICJIOTO PACTCHHS PEAYKIIUI0O B TOW WU HOU
Mepe BBICOTHI PACTEHUSI, HA KJIETOYHOM YPOBHE JIEMOHCTPUPYIOT PAa3IUYHbINA XapakK-
Tep BIUSHUS HA MOP(OreHETUUECKUE TTPOLIECCHI.

B kynbrype mbuIbHHUKOB IN VItro rensl cuctemsl Rht, a taxke S1 u Q B reHo-
done copra markoi mmeHuibl CapaToBckas 29 MOTYT OKa3blBaTh CYIIECTBEHHOE
BIUsSHAE Ha (HOpMHUpOBaHHE MOPGOTCHHBIX MBUILHUKOB, TalUIOMAHBIX HOBOOOPA30-
BaHUH U pacTeHuii-perenepantoB (Taonuma 3.1, 3.2).

[TonapHoe cpaBHEHUE TUHUHN, COACPKALTUX T€HBI KOPOTKOCTEOETHLHOCTH, U UX
BBICOKOPOCIIBIX CHOOB TIOKA3aJl0, YTO CPEIU B3ATHIX B M3yUCHUE JIMHUA BO BCE TOIBI
U3Y4YEHUS IOCTOBEPHOE MPEBBIIIICHUE M3YyYaeMbIX TMOKa3aTelel 0OTMEYaIOCh y JIMHHM
¢ renamu Rht-B1c u Q. JIuHuM ¢ 3TUMU T€HaMH JTOCTOBEPHO IMPEBBIMIAIN COOTBET-
CTBYIOIINE BBICOKOPOCIIBIC CHOBI IO TTOKA3aTeNISIM BBIXOJ MOP(OTEHHBIX MBIILHUKOB,
BBIXO/] TaIJIOMJIHBIX HOBOOOPA30BaHMI, BBIXOJ pACTCHUI-PETeHEPAHTOB, B % OT 00-
IIETO KOJIMYECTBA WHOKYJIMPOBAHHBIX MBUTBHUKOB. [10JI0KUTENTEHOE BIMSIHUE HA BCE
9Tambl TAIIONPOIYKIIMK TaKKe OTMEYaIoch Y JIMHUK ¢ reHoMm Rht 14, Ho cratucTu-
YECKU JOCTOBEPHBIE OTINYUS OOHAPYKEHBI HE BO BCEX IKCIIEPUMEHTAX.

VY nuHUM ¢ reHoM S1 oTMedanoch CHMXKEHHE BhIXOAa MOP(OTEHHBIX MbLIbHU-
KOB U HOBOOOpaszoBaHuii. Ha pereneparuio pacteHuil JaHHBIA T€H CYIIECTBEHHOTO
BIMSHUS He okasbiBai. Jlunus ¢ resom Rht-B1lb Hu B oHOM 3KCIIepuMeEHTE CyIIe-
CTBEHHO HE OTJIMYajach OT CBOETO BBICOKOPOCIIOro cuba HU MO OJHOMY MOKa3aTesto
(Tabmuma 3.1, 3.2).

AHamu3 COMaTHYCCKUX KaJUTyCHBIX KYJIBTYP, MOJYyUYECHHBIX U3 HE3PEIBIX 3apo-
JBIIICH, TTOKa3aJl, 9YTO MPU BHECEHUU B TeHO(GOH copTa MATKOW mieHuIsl CapaTos-
ckast 29 TeHbl KOPOTKOCTEOEIHHOCTH MOTYT OKa3bIBaTh CYIIECCTBEHHOE BIIMSHHE Ha
dbopMHpOBaHUE MEPUCTEMATUYECKUX OYAroB B TKAHSIX U CIIOCOOHOCTh K COXPaHEHUIO
pPEreHEepalMOHHON aKTUBHOCTH B IMPOIIECCE UIUTEILHOTO KYJIBTHBUPOBAHMS KaJlTy-

coB (Tabmuna 3.3).
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Tabnumna 3.1 — BausHue reHOB KOPOTKOCTEOETLHOCTH Ha MOP(OTreHe3 B KyJIbType

IBUTLHUKOB IN VItro spoBOii MATKOM MIIICHHUIIBI

Brixoa mopdo- Brixoa HOBoOOpa3oBaHMid,
KonndecTBo | T€HHBIX MBUIbHU- % OT BCeX MBbUIbHUKOB
['enotun IBUTHHUKOB KOB,
BCETO, MIT. | % OT BCEX IbLIb- | BCETO | KAJUTYCOB | AMOPHOUIOB
HHUKOB
CaparoBckas
1148 2,70 4,70 1,17 4,53
29
JIRht-B1b 1120 0,54 0,54 0,27 0,27
JIRht-Bla
1036 0,77 1,06 0,19 0,87
(cub)
JIRht-Blc 1036 5,50 9,85 0,77 9,07
JIRht-Bla
616 0,81 1,46 0,16 1,30
(cub)
JIRht-14 644 0,62 0,93 0,47 0,47
JIrht-14 (cu0) 1148 0,44 0,44 0,26 0,17
JIsl 1204 0,33 0,33 - 0,33
JIS1 (cub) 1120 1,61 2,32 0,09 2,23
JIQ 1036 2,80 4,05 0,58 3,47
JIq (cub) 1120 0,54 0,54 - 0,54
F daxr. 17,63* 38,39* | 2,38* 37,86*
HCP 0,05 1,08 1,34 0,45 1,26

[Tpumeuanue — “*” paznuuus gocroBepusl npu P = 0,05, nockonbky Fpum =

Fmeop. .
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Ta6nuna 3.2 — BiusHue TeHOB KOPOTKOCTEOEILHOCTH Ha CIIOCOOHOCTH K

pereHepaIyu B KyJIbType MBUILHUKOB IN VILro spoBoii MSTKOM MIICHATIBI

KonmuecTBo pacTeHHIi-pereHepaHnToB

S oo1ee, 3€JIEHBIX, aJIb,OMHOCHBIX,

% oT Bcex % oT Bcex % oT Bcex

- IBUTEHUKOB - BUTEHUKOB - BUTEHUKOB
CaparoBckas 29 8 0,70 2 0,17 6 0,52
JIRht-B1b 3 0,27 2 0,18 1 0,09
JIRht-Bla (cu0) 1 0,10 0 0,00 1 0,10
JIRht-Blc 26 2,50 10 0,97 16 1,54
JIRht-Bla (cub) 4 0,65 1 0,16 3 0,49
JIRht-14 1 0,16 1 0,00 0 0,00
JIrht-14 (cu6) 0 0,00 0 0,00 0 0,00
JIsl 0 0,00 0 0,00 0 0,00
JIS1 (cub) 5 0,45 2 0,18 3 0,27
JQ 22 2,12 9 0,37 13 1,25
JIq (cu0) 2 0,18 1 0,09 1 0,09
F ¢axr. 12,30* 4,82* 7,59*
HCP ¢,05 0,70 0,44 0,55

[Tpumeuanue — “*” paznuuus goctoBepHsl npu P = 0,05, mockonbky Fgpum =
Foneop.-

Brissnensl reasl Rht-Blc u Rhtl4, oGnamaromuye CHABHBIM IIOJIOXKUATEIHHBIM
abdexTom Ha GopMupoBaHue MOPGHOTEHHBIX KAJTYyCOB M COXpPAaHEHHE PereHepalu-
OHHOM CIIOCOOHOCTHU B Tpoliecce naccupoBanus. [Ipu stom rensl S1 u Q gocroBepHO
TOPMO3HIN MOp(OreHeTHYeCKHe mpolecchl B kaurycax. ['en Rht-B1lb He okaswiBan

BJIMSIHUS HA 3aKIIa/IKy MCPHUCTECMATHUYCCKUX OYaroB U pErcHCpanunro paCTeHHﬁ.



Tabnuua 3.3 — BriusHue reHOB KOPOTKOCTEOEIBHOCTH Ha BBIXOJI MOP(OreHHBIX KaJUTyCOB B KYJIBTYPE COMAaTUUYECKUX KaJUTyCOB

MSATKOM MIIEHUIBI 1N VItro

Brixon kammyca, Brixon MmopdorenHoro kamryca,
KomnuecTBo
30 cytok 60 cytok 90 cyTok 120 cyrok
I'enoTun SKCIUIAHTOB,
IIIT. % % OT DKC- % OT DKC- % OT DKC- % OT DKC-
IIT. IIIT. IIIT. IIT. IIIT.
IUTAHTOB [UTAHTOB [UTAHTOB [UTAHTOB

ggpaTOBCKa’I 192 162 | 844 | 33 17,2 23 12,0 18 9,4 3 1,6
JIRht-B1b 237 222 93,7 | 27 114 22 9,3 16 6,8 3 1,3
JIRht-Bla 220 200 909 | 34 15,5 25 114 10 45 5 2,3

(cub)
JIRht-Blc 229 220 96,1 | 37 16,2 32 14,0 21 9,2 10 4.4
JIRhi-Bla 235 214 91,1 | 27 11,5 25 10,6 14 6,0 1 0,4

(cub)
JIRht-14 239 220 921 | 71 29,7 63 26,4 44 18,4 11 4.6
JIrht-14 (cub6) 208 205 98,6 | 35 16,8 26 125 22 10,6 2 1,0
JIsl 214 189 88,3 | 12 5,6 4 1,9 3 1,4 0 0,0
JIS1 (cub) 211 207 98,1 | 39 18,5 31 14,7 13 6,2 6 2,8
J1Q 233 186 79,8 | 19 8,2 16 6,9 8 3,4 1 0,4
JIq (cu0) 182 166 91,2 | 37 20,3 22 12,1 19 10,4 3 1,6
F paxr. 8,99* 7,6* 8,29* 7,42* 3,1*
HCP 05 5,3 4.6 6,2 5,2 2,7

[Tpumeuanue — ‘*” paznuuus nocroBepHsl npu P = 0,05, nockonbKy Fpam = Feop.-

16
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CpaBHenue 3¢ (HEeKTOB T€HOB B TOMO- U T€TEPO3UTOTHOM COCTOSIHUM ITOKAa3alo,
YTO BO BCEX BapwaHTax HaOmrogaeTcs 3¢ dekT rereposuca y rudbpuaoB F1 mo cpaBHe-
HUIO C KOPOTKOCTEOETbHBIMU JIMHUAMU IO CIIOCOOHOCTH K (hOpMHUPOBAHUIO MOPdO-
TEeHHBIX KaJUTyCOB. BO3MOXHOCTH reTepo3ucHoro 3ddekra mo moxkazareiasMm KyIbTH-

BUPOBaHU IN VItro Oblsla OTMEYEHA B PsAJIC UCCIICAOBAHUIA Pa3IMUHBIX aBTOPOB [426,

520].

S T T I
th O th Ot

15

—
h O

Brixon Mop¢oreHHBIX KaLTycoB, %
(]
]

=

Rht-B1b Rht-Blc Rht-14 sl Q Ten

B xopoTkocTebempHast TuHUS Ocudé MAF1

Pucynok 3.1 — BiusiHre TeHOB KOPOTKOCTEOEIHPHOCTH B TOMO- U T€TE€PO3UTOT-
HOM COCTOSIHUHM Ha BBIXOJ] MOP(OTeHHBIX KAJUTyCOB B KyJIbTYpE COMAaTHUECKUX KaJl-

JYCOB MSATKOM MIIIEHHUIIBI IN VItro

B pesynbpTaTe mpoBenEHHBIX HUCCIEAOBAHUN YCTAHOBJIEHO, YTO T'€HBI, OCHOB-
HBIM 3(()EKTOM KOTOPHIX 1N VIVO SBISETCS CHUKCHUE BBICOTHI PACTECHHM, B KYJIbTYpPE
KJICTOK M TKaHed IN VItr0 OKa3bIBaIOT Pa3IMYHOC KAYECTBEHHOE W KOJIMYECTBEHHOE
BIIUSIHE Ha OT/ENbHbIE MOPGOTEHETUYECKHE Tpoliecchl. BrisgBlIeHbI reHbl, o0maa-
IOIIHUE JJOCTOBEPHBIM IMOJIOKUTEIBHBIM 3(pPeKkToM Ha (OpMUPOBAHKE KAJLITYCOB C 30-

HAMU MEPHCTEMATUYECKOW aKTHBHOCTH M PacTeHUI pereHepantos [95].
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3.2 ITAH — MosieKkyJsIpHBIA MapKep MOp(oreHe3a B KyJbType COMATHYECKUX
TKAaHel mueHuus! in Vitro

Mopdorenes B KyJabType KJIETOK W TKaHEH pacTeHHil in VItro, mpuBoAsIimii B
KOHEYHOM HUTOr€ K peajau3alyyd CBOMCTBA TOTUIOTEHTHOCTU PACTUTEIBHOU KIIETKH,
COMPOBOXK/IAETCS U3MEHEHUSIMU B KOJIMYECTBE U KAYECTBE KJIIETOK, TO €CTh B YPOBHE
ux nuddepeHIIMpOBaHHOCTH, BKIIOUEHHOCTH B COCTaB TKaHeW M opraHoB. JIroObie
U3MEHEHHUSI COCTOSIHUS AU(PHEpPEHIUPOBAHHOCTH COMPOBOXKIAIOTCS HW3MEHEHHEM
HKCIIPECCUN COOTBETCTBYIOUIMX I'€HOB U CUHTE30M Pa3IMUYHbIX O€IKOB, SBISIOLIUXCS
MapKepaM# COCTOSIHHS KJIETOK U TkaHei [15, 218, 420]. MonekynsipHbEIM MapKepoM
MEpPUCTEMAaTUYECKUX KJIETOK MILIEHUIIBI SBIISIETCS OCJOK Mpoaud)epaTUBHBIN aHTUTECH
ununmanen (ITAN) [25, 42, 631].

brlna BbIABIEHA CBSI3b MEXAY MOP(OreHETHUYECKUM MOTEHINAIOM KaJLTyCHBIX
KJICTOK U conepkanreM B HuUX [TAW [576]. B skcrnepuMenTax ¢ HeMOp(hOTreHHBIMH
KaJUTyCaMH Pa3IuYHOr0 MPOUCXOXKJIEHUS (0T KOPOTKOCTEOEIbHBIX MM BBICOKOPOC-
JIBIX JIMHUI), TPOBEACHHBIX UMMYHOAU(P(Y3nOHHBIM aHanu3oM, [TAW coxepxaincs B
O4YeHb HU3KOU KoHIeHTpanuu (Pucynok 3.2). I[Tpu 3ToM B MOp(OreHHBIX Kautycax y
TUX *e JuHui nmennisl [TAW conepxkanock B 2,5-3 pa3a Oosnblie. ITO MO3BOJISET
caenath BeIBOA O TOM, 4To [TAW cBsizaH ¢ 3akinagKoil MEPUCTEMATUUYECKUX OYaroB B

KJLTyCHOM TKaHW M MOYKET CUMTAThCs MapKepoM MopdoreHesa.

= 0.6
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Pucynok 3.2 — Conepxanue [1AU B Mmopdorennsix (1, 2) u HeMOphOreHHbIX
kayutycax (2, 3) Ha cpene s peredepainuu (1, 3) v Ha cpenie 1151 KaJUTyCOTreHe3a
(2,4)
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CpaBHUTENBHBI HMMYHOXUMHYECKUN aHan3 conepkanus [IAU B He3penbix
3apojbllIaX M KAJUTYCHOM TKaHU MIIEHUUBI MATH Map MOYTH M30T€HHBIX JIMHUU B
MPOIIECCE KAJUTYCOTE€HE3a U MOCJIEAYIOIIEH pereHepalny MokKa3ajl, 4TO B HE3PEJIbIX
3apojpllax (10 Hayajga KyJIbTUBUPOBAHUS) BCEX N3YYAEMBbIX F€HOTHUIIOB COAEPKAHUE
[TAUN 6bu10 onuuakoBbiM (Pucynok 3.3). OToT dakt o0bsicHseTcs (YHKIIMOHUPOBA-
HUEM MHUIMAIBHBIX KJIETOK B AMOPHOHAJIBHBIX areKcax He3pesblX 3apobIIIei mie-
HULbl. B mponecce kamrycoreHesa NpoBOAWIA CPAaBHUTEIbHBIM aHAIU3 COACPKAHUS
[TAU na 7-e, 14-e, 24-e u 30-e cyTku KynpTuBUpoBaHus. Ha 7-e cyTku kamiycoreHe-
3a OTMEUanoch cHmxkeHue coxepxkanus [IAU y Bcex uccnenyemeix reHotunos. Ha
TOM 3Tane KyJbTUBHUPOBAHUS B HE3PENbIX 3apOAbIIIaX MPOMCXOAMUT Ipolecc Ae-
muddepeHInannn KIeTOK TKaHed, TO €CTh HapalliBaHUs KaJTyCHOM MaccChl 3a CUET
HeauphepeHIMPOBAaHHOIO ACJIEHUS PAaCTUTEIbHBIX KJIETOK. B 3TO Bpemsi HauMHAIOT
aKTUBHO (DYHKIIMOHUPOBATH MOJIEKYJISIPHBIE MapKepbl KaJUTYCHBIX KJIETOK, HO TIOHH-
YKAETCsl CUHTE3 MEPUCTEMAaTUYECKUX aHTUT€HOB, K KOTOpbIM oTHOCUTCS ITAN.

Haunnas ¢ 14 cyTok KylIbTUBHPOBAHUS, OTMEUYAJIOCH YBEIIMYEHHUE CONECPIKAHNS
I[TAW B kamiycax BceX M3y4daeMblX I'eHOTUNOB. [Ipuuem, 1OCTOBEpHOE pa3ivyHe B
yBenuueHuu conaepxkanusi [IAU no cpaBHeHHIO ¢ BBICOKOPOCIBIM CHOOM HaOroza-
JIOCh, TOJIBKO Yy HU3Kopociou inauu ¢ awiesnieMm RhtBlc (Pucynok 3.3). Ha 24-e u 30-
€ CYTKH KaJUTycOoTeHe3a MPOMCXOAUI0 AajbHelInee yBenuueHue coaepxxanus [TAU,
U TOCTOBEPHOE Pa3IMyue MEXIy HU3KOPOCIBIMU JIMHUSMH U BBICOKOPOCIBIMHU CHUOa-
MU Ha0JI0/1a710Ch Y BCEX MCCIEAYEeMbIX FeHOTUTIOB Ha 30-€ CyTKH KyJIbTHUBUPOBAHMUSL.
Mopdomerpuyeckuii aHanu3 kamiycoB Ha 30-e cyTku KyiabTuBUpoBaHus (Tabmuna
3.3), MOKa3bIBAET, YTO KOJIMYECTBO MOP(HOTCHHBIX KAaJUTyCOB Y HU3KOPOCIIBIX JIMHUHI C
amensmu RhtB1c n Rhtl4 3HaunTensHO MpeBBIIACT aHATOTHYHBIA [MOKA3aTeNlb CO-

OTBCTCTBYIOIINX CCCTPHUHCKNX BBICOKOPOCIIBIX JIMHUM.
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Pucynox 3.3 — JIlunamuka conepkanus IIAU B comaTHYECKUX KajuTycax copTa sipo-
BOM MsATKOM miueHuibl CapaToBekas 29 ¥ MOYTH U30T€HHBIX CECTPUHCKUX JIMHUM,
aJIbTEPHATHBHBIX M0 reHaM KopoTkoctebenbaocTH (2004-2006 rT.): A — 1o reny Rht-
Blb; b — o reny Rht-B/c; B — mo reny Rhtl4; I — o reny s1; JI — mo reny Q; E — B

CpeIHEM TI0 BCEM BapHaHTaM
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B Toxe Bpemsi He ObUIO OTMEUEHO JOCTOBEPHBIX PA3IMUMU [0 3TOMY MOKa3a-
TEJIO y JIMHHH, aJIbTEPHATUBHBIX 1o ayutemio RhtB1b. ¥V nuauii, abrepHaTHBHBIX 110
c reHamu S1 u Q He paznuuue B conepxanuu [TAU y kopoTkocTeOenbHON TUHUU HE
CTOJIb CYIIECTBEHHO B CPAaBHEHUH C COPTOM M CHOOM, YTO KOPPEIUPYET CO CHHUKEH-
HBIM KOJIMYE€CTBOM MOP(OTreHHBIX KajuTycoB Ha 30-e CyTKU KyJIbTUBUPOBAHUS.

[Tocne nmepenoca Mop(OreHHBIX KAJLUIYCOB Ha Cpeiy ISl pereHepalu coliep-
xanue [TAW nponomxano yBeaIM4uBaThCA y BCeX TeHOTUIoB. Ho y HU3Kopocion iu-
HuM ¢ ayieneM RhtBlc yBennueHne ero KoaudecTBa MPOMCXOIUIO 3HAYUTEIBHO HH-
TeHcuBHee. Ha 9-e cyTku perenepanun pazHuIia MEXAy T€HOTHIIAMU CIJIaKUBAJach,
YTO COOTBETCTBOBAJIO MEPEXOAY K pereHepanuu 1enbix pactennii (Pucynok 3.3).

B pesynbrare uccienoBaHuii ycTaHOBIIEHA 00Iasi 3aKOHOMEPHOCTh TUHAMUKHU
coaepxkanus [IAU B comaTHueCcKnX KaJUTyCcax IMIICHUIbI, 3aKI0YA0NIAsICs B CHUXKE-
HUU YPOBHS €r0 COAEPKAHUS B MPOLIECCE KAJUTyCOT€HEe3a U MOBBIIICHUN YPOBHS €r0
coJiep KaHus PU BTOpUYHOM AuddepeHnranum KIeToK 10 OMPeaesIEeHHOTO MaKCH-
MaJIbHOTO YpPOBHS B MPOLECCE PETCHEPALIMU PACTEHHUM. JTa 3aKOHOMEPHOCTh BbIpa-
KAeTCs KPUBOM JIMHMEH, ONUCHLIBAEMOI ypaBHEHMEM THHA Y=a+B1x+Bx*+B3x° (Pu-
cyHOK 3.3).

JInsa uccnenyeMsix 11 T€HOTHNOB MOJYyYEHO CIEAYIOUIEE YCPEAHEHHOE ypaB-
HEHUE KPUBOU JINHUU:

Y =0,2205977799 - 0,0081608275x + 0,0009683462x2 -0,0000132656x°.

Y cTaHOBJIEHO, YTO OT/ACNBbHBIC T€HBI MOTYT BIHATH Ha (Hopmy 0OIIe KpuBOit

JIMHWUHA, HC U3MCHSA €€ IIPUHIUIIMAJIBLHOI'O XapaKTepa.

3.3 Ucnojsib30BaHue reHETHYECKOH MO/IeJId HA OCHOBE NMOYTH U30T€HHbIX JIMHUH
AJIsl ONTUMH3ANMA METO0/1a KYJbTHUBHPOBAHUSA KJIETOK IMIIEHHIIBI iN Vitro
MopenbHble TMHUH ObUTH UCTIOIB30BaHbI JJISI U3yUCHUS BIUSHUS TETParuapar-
THIpoTapTpaTa-mnuc-[2S, 5R-1,5-numeTrin-2-(1-oxkcu-3-mpornu) |-IuppOTH AUHUS
(1385). N3yuaemoe BeliecTBO, Ipou3BoaHoe Gypdypoia, mosyyaemMoe mpu TUaPOIIH-
TUYECKOM PACIIEIVICHUH TeMUIIEIUTION03, TT0 CBOEMY XHUMHUYECKOMY CTPOEHUIO OJIH3-

KO K I'pylnmi€ ODUMTOKHMHUHOB, U B OKCIICPUMCHTC OBLIIO0 MMpeACTaBJIICHO palcMaToOM H
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JIBYMs ONTHYCCKMMH wu3oMepamu (+) ruaporaprpar [1,5-mumerni-2(1-okcu-3-

nporwn)mupposmauans| (1386) u (-) ruaporaprpar |[1,5-mumernn-2(1-okcu-3-

nponwn)nupponuauaus] (1387). buonornueckas aktuBHOCTH paremara 1385 Ha Be-

reTupymoue pactenus Opiia yctanopneHa panee (ITarent RU 2039041).

Hcxonnwiii panemar 1385 okas3wiBaj OTpHUIlATEILHOE BIMSHHE Ha 0Opa30BaHHE

MOP(OTEeHHBIX KAJTyCOB, CHU3UB BbIXOJ] MOP(OreHHBIX KalTycoB Ha 43,5-47,2 % B

3aBHCHMOCTH OT KOHIICHTpaIuu B cocTaBe cpeap! (Tadnwuma 3.4).

Tabmuna 3.4 — Bimsaume terparmapar (+) ruaportaprpara (+) muc-[2S, 5R-1,5-

auMeTrIT-2-(1-okcu-3-ponu) |-muppoauIuHISL Ha MOP(OTeHe3 B KYJIBType COMAaTH-

YEeCKUX TKAHEW MATKOW MIEHUIB! iN VItro

Konuye- | Bbixon MopgoreHHbIx Brixon perenepanTos,
CTBO DKC- KaJUTyCOB,
Bapuant IJIAHTOB, % oT konuye- | wr. | % OT KOJIMYECTBA
IIT. IIT. | CTBA DKCIUIAH- MOP(OTreHHBIX
TOB KaJUTyCOB
KOHTPOJIb 239 46 19,3b 25 54,3a
1385 1 mr/n 236 24 10,2a 20 83,3b
1385 10 mr/n 239 26 10,9a 24 92,3b
1386 1 mr/n 238 47 19,8b 39 83,0b
1386 10 mr/n 239 39 16,3a 32 82,1b
1387 1 mr/n 233 49 21,0b 32 65,3a
1387 10 mr/n 237 35 14,8a 25 71,4a
Fopaxr. - - 2,8* - 3,0*
HCP o5 - = 6,7 = 19,6

ITpumeuanue — “*” paznuuus gocrosepHsl npu P = 0,05, nockonbky Fgpumn.

Fmeop. .

>
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N3omepnl 1386 1 1387 B M3yUeHHBIX KOHIIEHTPAIIUIX HE BIUSIN HAa MOP(HOTeH-
HYI0 CHOCOOHOCTh KaJUTyCOB.

Ha perenepaniioHHyl0 CHOCOOHOCTH OJMHAKOBO TMOJIOKHUTEIBHO BIUSIU pa-
uemat 1385 u ontuueckuit uzomep 1386.

N3omep 1387 Ha oOpa3oBaHHE KaNIyCOB C MPOPOCTKAMH HA UCXOJHOW TUTAa-

TeJbHOU cpejie BIusHus He okaszan (Tabnuma 3.4).
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I'naBa 4 U3yyenue BJUSIHUS 0AKTEPUAIBHBIX KJIETOK M UX JUIIONOJMCAXAPU/IOB

Ha Mop(oreHes B KyJbType COMAaTHYECKHX TKAHEH MIIeHUIbI iN Vitro

4.1 U3yvyeHue BIUAHUSA 0AKTEePHATBHBIX KJIETOK Ha MOpP(OreHe3 B KyJbType
COMATHYECKHUX TKAHEH IMueHuusl in Vitro
N3yuenue mopdoreHesa B KyJIbType COMATUYECKUX TKAHEH MILIEHUIIBI TPOBO-
TUJIOCH M0 CTaHJIAPTHOW CXEME HEmpsSMOro 3MOpuomaoreHe3a u opraHoreHesa (Pu-

cyHok 4.1).

Pucynox 4.1 — Cxema npoBe/ieHHs SKCIIEPUMEHTOB T10 U3y4eHHUI0 Mop(doreHesa B
KYJIbTYpE COMaTUYECKUX TKAHEH MIICHUIBI: a. — JOHOPHBIE PACTEHUS IPOBOU MSTKOU
nireHuIs! Triticum aestivum L. (o4t H30TeHHbBIC CECTPUHCKUE JIMHHUH, aJIbTEpHa-
tuBHBIC 10 Teny Rht-Blc, B renodone copra Caparosckas 29); al. — quHMs ¢ ajie-
aem Rht-Blc; a2. — Beicokopocibii cub ¢ amnenem Rht-Bla; 6. — kosoc, 3epHOBKH U
3apOIBIIITN Ha ATAIE BHIYWICHEHHS U BBEJECHUS B KyIbTypy (14-€ CyTKH mocie omnblie-
HUsl); B. — Kajutychl Ha 30 CyTKM KyJIbTUBUPOBaHUS; Bl. — HEMOP(hOTreHHBIN KalTyC;
B2. — MOP(OTEHHBII KaJUTyC C 30HAMHU PEereHepaIuy; T. — PaCTCHUsI-pEreHEPaHTHI; T'1.
— pereHepanT JiuHuu ¢ ajutenaeMm Rht-Blc; r2. — perenepaHT BRICOKOPOCIOro cuba ¢

aiutenieM Rht-Bla
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JIist meHuIbl 00s13aTeIbHBIMU ATanaMu Mopdorenesa sBisitorcst aeaudade-
peHImanus ¢ npoiaudeparueil KalulyCHONH TKaHU W TOCIEIYIONUM (HOPMUPOBAHUEM
B HEW MepucTeMaTU4ecKUxX ouyaroB. B panbHeiinmieM GopmMupyroTcs sMOpHONAbl WK
cTe0seBble MOYKKA U KOpHU. OOIIMI BBIXOJ KaJUIyCOB M3 JKCIUIAHTOB KaK IMPaBUIIO
JIOCTAaTOYHO BBICOKUM JIsl OOJBIIIMHCTBA T€HOTHUIIOB.

B nanHom uccnegoBaHuM BIepBble ObUIO MPOBEIEHO KOMIUIEKCHOE HCCIEN0-
BaHHWe BIMsSHUS Oaktepuil poma Azospirillum ma mMopdoreHeTnueckrue MpoIeccsl B
KyJIbTYpE COMaTHYECKUX TKAaHEH NMUIEHULBI JBYX IMOYTH M30TCHHBIX JIMHHUM, aJbTep-
HATHBHBIX I10 TeHY KopoTKocTeOenpHocTH Rht-B/c. 3a Toabpl uccnenoBaHust s U3Yy-
yaeMbIX reHoTunoB, TuHui JIRht-Blc u JIRht-Bla (cu0), kammycoreHes u3 He3penbix
3apogpiiieit coctaBisl nopsaka 80-100%. JIocTOBEpHBIX pa3invyuMii MEXIy U3ydae-
MBIMHU JIMHUSIMU Ha 3Tarne KajurycoreHe3a He Habmonanock. Ha 30-e cyTku KyJabTH-
BHUPOBAHUS BU3YaJIbHBIN aHAJIN3 KAJUTYCOB 1OJ OMHOKYJISPHOM JIyHOW MO3BOJISLI BbI-
JEeNATh MOP(QOreHHbIE KAJUTYChl C O4araMu MEpUCTEMaTUYECKON aKTUBHOCTH U HaYU-
Harolelca pereHepauuend pactenuil. Hemopdorennbie kamiychl ¢ BBICOKOH BEpOSIT-
HOCTBIO HE OBLIM CIIOCOOHBI K pereHepaluy Aake Mpu MepeHoce Ha cpedy IS pere-
Hepaiuu. Pactenus-perenepantsl popmMupoBasivch B TeueHuu enie 30 cyTok.

JUist u3ydeHus: BIMSIHUS JKUBBIX OaKTepuil HAa MPOLECCHl KAITyCOreHe3a U BTO-
puuHOM Au(epeHIrnanuy He3peble 3apo/IbIIM Ha 3Tare BhIYJICHEHUS TOMEIAINCh
Ha 3-5 MHHYT B CyCIIEH3MM KUBBIX OaKkTepuii, comepsxamux 10° KIeTok B M CycreH-
3un. J{Jis MHOKYJISIMK MCIIONIBb30BaIKCh pu3ochepHbie bakTepuun poaa Azospirillum:
A. baldaniorum Sp245, A. brasilense Sp7, A. brasilense SR88, A. brasilense SR80.
bbUI1O yCTaHOBIJIEHO, YTO JAaHHBIE IITAMMbl HE PacTyT Ha muTareibHOU cpeae M-C,
TaK KaK He CIIOCOOHBI MCIIOJIb30BaTh B KAYECTBE UCTOUHUKA YTIIEPOa caxaposy.

AHanu3 KyJbTyp MOKa3all, YTO BO BCEX BapHUAHTAX MHOKYJSLMU HAOJIOAAIOCh
Havyayio (OpMHUPOBAHUS KaJUTyCOB, HO jAajiee mpoiudeparusi KICTOK HHTHOUpOBa-
Jack, U K 30-M cyTKam KJeTKU HekpoTupoBaiu (PucyHok 4.2). B nutarenbHyto cpeny
BBIJICJISIIUCh META0OIUTHl BEPOSATHO (DEHOJBHOW MPHUPOJIbI, OKpAIIMBAIOIIUE €€ B
xenThlil BeT. KonTamuHaims KynbTyp He HaOIo1anach, Kak U 0KUJIAN0Ch, TaK KakK

6aKTCpI/II/I Ha Cpcac CaMOCTOATCIbHO HC pasBUBAJIMCh. HCKOTOpOG KOJIMYECTBO Oak-
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TEpUN PaCIpOCTPAHSIOCh BOKPYT KaJTyCOB, YTO MOKHO OOBSICHUTH BBIJCIICHUEM
KaJTyCaMH METa0OJUTOB B MUTATEILHYIO CPEAY, KOTOPHIE UCITOJIB30BAICH OAKTEPH-

SIMU OJI1 IMTaHU .

Pucynok 4.2 — Kamutycorenes u3 He3pelbIX 3apOIbIIIeii, ”THOKYJIMPOBaHHBIX OaKTe-
pHUANBHBIMH IITaMMaMu: a. — 14-Tu cyrounsle 3apoapiim Ha 0 cyTku; 6.-e. — 30-¢
CYTKHU KyJIbTUBUPOBAHHUS;, 0. — KOHTPOJIb 0€3 OaKTepuil; B. — HHOKYJISIUS IITAMMOM
A. baldaniorum Sp245; r. — unokymsinus mrammom A. brasilense Sp7; n. — unokyus-

s mramMoM A. brasilense SR88; e. — unokyssius mrammom A. brasilense SR80
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Nuokynsius kamtycoB Ha 10-e CTyKd KyJIbTUBUPOBAHUS IKCIUIAHTOB TaKXKe HE
nana nojoxutenbHoro 3ddexra (Pucynok 4.38). HecMoTps Ha TO, 4TO KasurycHast
TKaHb yxe Hadasa GopmupoBatbest K 10-bIM CyTKaMm, HHOKYJISIUS OaKTEpUsIMU, Kak
u npu uHOKYJsiuu Ha 0-¢ cytku (Pucynok 4.30), mpuBoauia K HeKpo3y TkaHed. Ha
30 cyTku He ObUIO OOHApY>KEHO HU OAHOTO >KM3HECMOCOOHOTo Kaimyca. B To ke
BpeMs B KoHTpoJe (Pucynok 4.36) 100% skcmianToB GOopMUpOBAIIA KaJLTyC, YacTh

UX KOTOPBIX OBLITH MOP(OTrEeHHBIMHU.

Pucynox 4.3 — KamrycoreHnes B KyJIbType COMaTHUECKHX TKAHEH, MHOKYJIMPOBAaHHBIX
mrammoM A. baldaniorum Sp245: a. — koHTpoJIb 0€3 OaKkTepHii; 0. — MHOKYJISAIUSA Ha
0 cyTKH KyJbTUBHPOBAHUS; B. — MHOKYJISALMSA Ha 10 CyTKM KyJIbTUBUPOBAHMUS; T. —
MHOKYJISIMS Ha O CYyTKU KYJIbTUBUPOBAHUS ¢ 00paObOTKOWM KaHAMUIIMHOM Ha 7 CyTKHU

KYJIBbTUBUPOBAHUS
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Hcnonp30BaHne pacTBOpa aHTUOMOTMKA KaHAMMIIMHA B KoHUeHTpauuu 100
MKI/MJI IPUBOJIAJIO K OCBOOOXKACHHUIO PACTUTENBHBIX TKAHEH OT OaKTepHii, KaJuIyChl
He norubanu (Pucynok 4.3r). Ha0mtoganocs 4acTHUHOE BOCCTAHOBJIEHHE POCTA KaJl-
aycoB (75-90%), HO MOP(OreHeTUYECKHUE MPOIECCHl YTHETAINCh, MEpUCTEMATHYE-
CKHE OYaru He (OpMUPOBAIIUCH, U PETEHEpALMsl pACTEHUH HE IPOUCXOANIA.

bakrepuaneabie knetku mrtamMa A. brasilense sp7 6pun yOuTH HarpeBaHueM
10 100 °C B Teuenue 10 MUH. ¥ UCMIOIB30BaHbI ISl UHOKYJIAIIMU SKCIJIAHTOB Mapal-
JIEJIBHO C )KUBBIMU OaKTEpUSIMU TOTO k€ 1mTamMma. ['nbenb KiIeTok 6akTepuil KOHTPO-
JUpOBATach BHICEBOM Ha YalllKM ¢ MHATeIbHOU cperoii MSM. AHanm3 KaTyCHBIX
KyJbTYp MOKa3aJl, 4YTO B BapUaHTE C YOUTHIMU KJIETKAMHU (PUTOTOKCHUECKHUI 3PQeKT
orcyrctBoBan (Tabnuua 4.1; 4.2), Torna kak npu oOpabOTKe >KUBBIMU OaKTEPUSIMU
KJIETKH MIIEHUIIBI 00enX JTUHUM norudanu. B Bapuante ¢ o0paboTKON yOUThIMU OaK-
TEpPUAJBHBIMU KJIETKaMU Pa3BUTHUSl OaKTepuil HE HAOMI0aJI0Ch, KAJUTyC Ha 3KCIUIaH-
Tax (OpMHUPOBAJICSI Ha YPOBHE KOHTpPOJs O0e3 OakeTpuil (BBIXOJ KaJUTyCOB COCTaBUII
98,6-100%, a B xouTpose 97,9-99,4%) (Tabauma 4.1). JIOCTOBEpHBIX pa3ivuunii MexX-
Iy KOHTPOJIEM U OTBITOM, a TaKXKe MEXAYy I'eéHOTUIIaMU He Habmoganock. Ha Beixon
MOP(OTeHHBIX KaJLTyCOB 00pab0oTKa yOUTHIMU KJIETKaMHU OaKTepHil MOBIUsIA MOJIO-
XKUTEIbHO. JIOCTOBEPHO YyBEIMYMIICSA BbIXOA MOP(POTEHHBIX KAJTyCOB Y KOPOTKOCTE-
OenbpHOM MHMU ¢ reHoM Rht-Blc, o6manaroineit moBbleHHONH MOP(OTeHHOW aKTHB-
HOCTBIO 10 CPAaBHEHHIO C CUOOM.

Ha cpene ansa perenepanuu Ha MOp(GOT€HHBIX Kautycax (pOpMHpPOBAIHUCH pac-
TEHUSA-PEreHepaHThl ¢ 4acToToil oT 12,65 no 36,8% (Tabmuua 4.2). Ilpu 3TOM y BbI-
COKOpOCJION JIMHUU cuOa BBIXOJ PEreHEPAHTOB OT yHMcia MOP(OreHHBIX KaJLTyCOB
JIOCTOBEPHO YBEIUYMBAJICS MO CpaBHEHUIO ¢ KoHTposieMm u nuauei JIRht-Blc, Torma
KaK y KOPOTKOCTEOENbHON JIMHUM BBIXOJI PET€HEPAHTOB JOCTOBEPHO CHUXKAJICS TIO
CpaBHEHUIO ¢ KOHTposieM. [Ipu nepecuere Ha KOJMYECTBO IKCIJIAHTOB OTJIMYMS B pe-

FeHepaHHOHHOﬁ CITOCOOHOCTH HE AOCTOBCPHBI.
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Ta6muua 4.1 — Biusnue 6akTepuanbHeix Kinetok A. brasilense Sp7 (108 knerox/mi)

Ha KaJUTyCOTeHe3 MIIeHUIIbl cecTpuHckux ymaui JIRht-B1c u JIRht-Bla

Bapuant | I'enotun | Kosmue- | Bwixon kamty- Brixoa MmopdoreHHbIx
CTBO COB, KaJTyCOB,
JKC- IIT. % IIT. % ot % ot
MIJIAHTOB AKCILI. KaJLJL.
Kontpouss | JIRht-Blc 540 526 | 99,4+0,6 | 84 | 15,6+3,1 | 16,0+3,2
(Oesak- | yonipla| 582 | 570 | 97,9412 | 67 | 11,542,6 | 11,8:2,7
TEpUN)
Kusbie JIRht-Blc 200 0 0 - - -
KIICTKH JIRht-Bla 200 0 0 - - -
Kierku, JIRht-Blc 140 140 100 32 | 22,947,0 | 22,9+£7,0
youTbie
Harpesa- | JIRht-Bla 140 138 | 98,6+£2,0 | 19 | 13,6+5,7 | 13,845,8
HUEM

Tabmuna 4.2 — Biusaue GakrepuanbHeIX kiaeTok A. brasilense Sp7 (108 xnetox/min)

Ha BBIXOJ] PETCHEPAHTOB B KaJulycaX IIICHHUIbI cecTpuHckux juHui JIRht-Blc u

JIRht-Bla

Bapuant I'enoTun Brixon perenepaHTos,
mt. | % oT 3kcmiaH- | % oT MOP(OTEHHBIX KaJ-
TOB JyCOB

KonTtpons JIRht-Blc | 25 4,63+1,78 29,849,8
(6e3 bGakTe-

- JIRht-Bla | 10 1,72+1,06 14,9+8,57
ITporpetsie JIRht-Blc 4 2,86+2,78 12,5+11,5
KJIETKHA JIRht-Bla 7 5,00+3,63 36,8+21,8

B nuteparype uMeroTcsi JaHHBIE KaK O HETAaTUBHOM, TaK U 00 YCIIEITHOM IPHU-
MEHEHUH >KUBBIX OAKTEPHUIl AJI1 CTUMYJIUPOBAHUS MOP(POreHETUUECKUX TPOLIECCOB, B
TOM 4YHUCJIC B KYJIbTYPC COMATHUUCCKUX KAJLTYCOB MSITKOU IIMMICHUIIBI OTMCYCHO I10JI0-
KUTEIIbHOE  BIUSHUE HWHOKYJSLMU  IITaMMaMH  METWITPOPHBIX  OakTepHii
Methylobacterium sp. 110, Methylophilus glucoseoxidans [21, 90] Methylomonas

methanica S; [89]. Unokymsiius mpuBOaMIIa K TOBBIIEHHIO BBIX0J1a MOP(HOTESHHBIX



105

KaJUTyCOB OT OOIIEro 4uciia KajulyCoB, CTUMYJIMPOBAHHUIO (POPMUPOBAHUS TTOOETOB U
COKpAIllCHHIO CPOKOB  pereHepamuu  pacteHuit. Illramm  Methylobacterium
mesophylicum 3-345 ¢ ycrexoM NpUMEHSUICS NMPH MHOKYJISIMM KaJTyCOB SUMEHS
[74]. B 1o e Bpems, 6akrepuu Azospirillum brasilense 6s11u MCTOIB30BaHBI TS CO-
3/IaHUS aCCOIMAIM C pacTEeHUsIMU Tabaka, appHUKaHCKOIO MPoca U Ta30HHOW TPaBbl
Eremochloa ophiuroides [591], a Takxe mmenunisr [51]. ITpu sTOoM HaOIIOIATOCH
YTHETEHUE POCTa KAJUTYCHBIX KYJIBTYp U THOENb PACTUTEIHHBIX TKAHEH.

W3 npoBeneHHBIX HUCCIEIOBAaHUM CIEAYET, YTO, BEPOSITHO, KOHTAKT KIIETOK
pacTeHuil ¢ JKUBBIMHU OaKTepUATbHBIMU KJIETKaMU a30CMUPHUILT BBI3bIBACT 3aMycK (u-
TOMMMYHHBIX PEaKIHi, TPUBOAAIIMX K MUX TMOENM M HEKpo3y TKaHel (puc. 4.2).
HeratuBHyl0 pojb MOTYT OKa3bIBaTh HU3KOMOJIEKYJISIPHbIE META0OJUTHI, BbIJENsC-
MBbI€ KaJUTyCHOM TKAaHBIO B OTBET HA MHOKYJSIUIO OakTepusimu. Jaxke KpaTKOCpod-
HBIM KOHTAKT >KMBBIX OAKTEPHAIBbHBIX KJIETOK C KJIETKAMHU PACTEHUM TaK)K€ WHTUOU-
pyeT MOp(OreHeTHUECKHEe MPOIEeCcChl B KaTyCHOM TKaHU. [I0CKONBbKY pOCT MHOKY-
JIUPOBAHHBIX KaJTyCOB BOCCTAHABJIMBAJICA IMOCIE UX OOpabOTKM aHTUOWOTHUKOM, U
OTCYTCTBOBaJ MHTHOMpYIoNui 3P PekT Ha hopMHUpPOBaHNE KATUTYCOB YOUTHIMU KIIET-
kamu A. brasilense sp7, cienoBarenbHO, THOENh KaJUTyCHOM TKaHU CBSI3aHHA C HKH3-
HEAESITeNbHOCThIO OakTeprii. MOKHO TPEANON0KUTh, YTO KAJUTYChI IO CPABHEHUIO C
pPacTeHUSMHU BBIACIISIOT CYILIECTBEHHO OOJIbIIIE SKCCYAATOB, KOTOPBIE YTUIN3UPYIOTCS
a30CIUPUILIaMU. DTO MPUBOIUT K YBEIMUCHUIO OAKTEPHATBbHBIX KJIETOK BOKPYT KaJl-
aycoB. bornbias MukpoOHasi Harpy3ka BbI3BIBACT B HeNU(PPEPEHIIMPOBAHHBIX KJIET-
KaX pacTEHUH Ype3MEpPHO CHIIbHBbIH MMMYHHBIH OTBET, MPUBOASIINNA K THOENH Kaj-
aycoB. Takum o0Opa3oM, a30CIUPUILIBI HE MOTYT OBITh MCIIOJIB30BAHBI IS yITydllle-

HUS POCTa KATYCHOW TKAHHM TIIICHUIIBI ¥ TIOBBITIIEHUS €€ MOP()OTEeHHOM aKTUBHOCTH.

4.2 N3yvyeHue BIUSIHUSA JIUTOMOJIHCAXAPUI0B HA MOP(OreHe3 B KyJbType
COMATHYECKUX TKAHEH MIIeHuusbI in Vitro
4.2.1 U3yuenue BaustHus Junonojucaxapuaos Azospirillum baldaniorum Sp245
Bo3mosxHo# 3amenoit PGPR 11t KynbTyphl TKaHU pacTEHUN MOTYT CTaTh MaK-

POMOJICKYJIbI TIOBECPXHOCTHU 6aKTepI/IaHBHBIX KJICTOK, TAKUC KaK, JIUIIOIOJHNCaAXapHuIblI,
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JUTIOTEMXOEBbIE KHUCIOTHI, KaICyJbHbIE MOJHUCAXAPHUbI, dK30IM0IHUcaxapuibl, ¢a-
re;uinHbl, el U Apyrue. JIIC — cnoxHble MaKpOMOJIEKYJIbl TOBEPXHOCTH Oak-

TEepHAIbHBIX KIeTOK (PucyHok 4.4).

LPS Lipopolysaccharide (LPS)
i m\m\m\\m( m/m%// [
\{g\\ﬂ\\\“ ek waillLy A
\' el ‘“L'lpl‘d‘ bilayer 9054 0 antigen
,,,,,, NN structare [TrTrrreee, polysaccharide
= Core
e 5 polysaccharide
g ég g g Lipid A
SR
2

Pucynok 4.4 — CtpykTypa MOJIEKYJI JIMIIOMOJINCAXAPUI0B IPAMOTPHUIIATEIBHBIX OaK-

tepuii (https://www.macrophi.co.jp/english/Ips/1-1.html)

Panee O6bu10 ycTaHoBieHo, uto junononucaxapus (JIIIC) napyxnoit memOpa-
Hbl acCOIMATHBHBIX OakTepuil poma Azospirillum sBiseTcs OJHMM M3 AKTHBHBIX
KOMIIOHEHTOB OakTepuid, ONPEeNIOM KOHTAKTHbIE B3aUMOACHCTBUS C KOPHAMU
pacTeHui U IPUHUMAIOUIUM YYacTHE B POLECCax, MHAYIUPYIOUUX OTBETHBIE peaK-
IIUM pacTeHuil Ha 3Tu B3aumoseicteus [224, 340]. Briio nokazano, uto JIIIC psaa
OakTepuil OKa3bIBAIOT MOJOKUTEIHLHOE JCUCTBUE HA POCT U PA3BUTHE PACTCHUM CO-
U3MEPUMOE C UHOKYJISILIMEN KIETOYHOU CYCIIEH3UEN ITUX K€ POCT-CTUMYIUPYIOLINX
Oaktepwmii [224, 574, 575].

B nannoi#i pabote BriepBbie 0611 u3yueH dpdext JIIIC azocnupuit Ha ¢popmu-
poBaHue U MopdoreHe3 KalTycoB mineHuIlpl. B teuenue tpex ser (2009-2011 rr.)
n3yuyanoch Brusiaue JIIIC Oakrepmii A. baldaniorum Sp245 B Tpex KOHIEHTpaIHsiX.
KoHTposieM city>kus1 BapuaHT KyJIbTUBUPOBAHUS COMATHUECKUX TKAHEW U3 HE3PEJbIX

14-cyTOUHBIX 3apoABILIEN MITKOW MIIEHUIBI ABYX OIMMCAHHBIX BBILIE JIMHUA Ha Cpe-
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ne Jluncmaiiepa-Ckyra ¢ 2 mr/a 2,4-J1. B onbITHBIX BapuaHTax B CTaHJApTHYIO WH-
JTYKIMOHHYIO TIUTATENIbHYIO cpey A0 aBTokiaBupoBanus BBoawiu JIIIC, BeineneH-
HBIA U3 HapyKHOW MeMOpanbl Oaktepuii A. baldaniorum Sp245 meromom Jleiie ¢
coaBt. [406], B xonnentparuu 1, 10 u 100 Mxr/mMi. B kakoMm BapuaHTe Ha IHTa-
TEJIbHYIO Cpelly AJIsl KaJulycoreHesa nomemanu He Menee 100 3apoabliei.

AHamm3 kamurycoB Ha 30 CyTKM KyJIbTUBHPOBAHMS IMOKa3al, YTO AKTUBHBIM
nporecc aeauddepeHnmaniy u npoaudepanui COMaTUYECKUX KIETOK HE3PETbIX 3a-
pobIlIeil HaOMoAalICa BO BCEX BapuaHTax OmnbITa. I(M(PEKTUBHOCTH KaTycOoreHes3a
Ob11a BeICOKOM, Om3Kkor kK 100%, 1 He 3aBHcena OT T€HOTHIIA MM HAJIMYUS JIOMOJI-
HUTCIIHBIX KOMIIOHCHTOB B nuTareabHou cpene (Tabmawuma 4.3).

[To 1aHHBIM HEKOTOPBIX aBTOPOB, KOCBEHHBIM IOKa3aTeJeM MOP(HOTeHHON aK-
TUBHOCTH KaJUTYCOB MOXET CIYXXHUTh MX Macca [82]. Pe3yabTaThl IpOBEJICHHOTO HUC-
CIICZIOBAaHUSI HE TOATBEPAMIN 1MOa00HOM 3akoHOMepHOCTH (Tabmuua 4.3). Ceipas
Macca MOPGOTEHHBIX 1 HEMOP(OTEHHBIX KAJITYyCOB BO BCEX BapHaHTaX OIMbITa JOCTO-
BEPHO HE pa3iuyajiiach U HE 3aBUCEJIa HU OT I€HOTHUIA JIMHUN, HU OT COJEp >KaHUs
JITIC B muTatensHOM cpene. Janubiil MophoMeTprudecKuil moKas3aTelb, COrJIacHO TOo-
Jy4YEHHBIM JJaHHBIM, HE KOppEeIupyeT ¢ nponaudepatuBHON niu MopdoreHeTuueckoit
AKTUBHOCTHIO COMaTHYECKHUX KJIETOK B KAJUTYCHOM TKaHMU.

[Tocne 3 Henenb KyJIbTUBUPOBAHHUS Ha KaJUTycax HaOJIOAAIOCH TOSIBICHUE
OYaroB MEPUCTEMATUUYECKON aKTUBHOCTU M 3€JIEHBIX 30H pereHepalyu, 4YaCTUYHO C
pactrenusimu-pereHepanTamu (Pucynok 4.5).

VYcTaHoBIIEHO, YTO B KOHTPOJIE, B CpeIHEM 3a 3 Tojia, 4acToTa (HOPMUPOBAHUS
MOP(OTEeHHBIX KaJUTyCOB cOCTaBisia y oOeux JuHuUi meHee 20% OT KoiIMuecTBa
WHOKYJIMPOBaHHBIX dKciuiaHToB (Tabnuma 4.3). BBenenue B cocraB cpeast JIIIC B
[EJIOM TOBBIIIAJIO AKTUBHOCTh MOP(OreHeTUYECKuX MpoleccoB. HecMoTps Ha HEKO-
TOpPO€ BapbHpPOBAHME MO TOJIaM, CTATUCTUYECKU JOCTOBEPHOE MPEBBINIEHUE BHIXO/IA

KaJllTyCOB C oyaraMm MGpHCTGM&TH‘-IGCKOﬁ AdKTUBHOCTH Ha6JIIOI[aJ'IOCB



Ta6muua 4.3 — Biustaue JITIC A. baldaniorum Sp245 na mopdoreHes B KyJabType COMaTHIECKAX TKaHEH

o Macca Brixon Macca
OOIIMI BBIXO Brixon
KaJUTyCOB, MT MOP(OTEHHBIX MOP(OTEHHBIX
KaJITyCOB, pPErCHEPAHTOB,
o KaJITyCOB, KaJITyCOB, MT' o
% OT DKCIUIAHTOB o % OT DKCIUIAHTOB
BapuanTt R Y0 OT DKCILJIAHTOB
o | 20 noa | 2% s | 2T o | 29 | o | 2
HaH- HaH- HaH- aH- HaH-
P A (bakTopy pTaM (dakropy pTaM dakTopy pTaM (bakTopy pTaM (bakTopy
B B B B B
JIRht-Blc 94,9 95,96 17,1 ab 186,30 | 209,28 | 10,9d
K 96,2 93,36 15,6a 6,6
PO T Rht-Bla | 97,5 86,27 141a 230,70 22a e
68,73 201,27 | 223,32 6,6
JITIC 1 JIRht-Blc 98,0 ' 26,5 bc ’ ’ ’
? 96,1 90,90 26.,6¢C abcd 5,3a
MKI/M
" JIRht-Bla| 941 81,52 26,7 be 212,90 4,0 ab
JIIIC 10 | JIRht-B1c | 100,0 90,76 29,7¢c 232,27 | 213,80 | 8,4 bcd
100,0 79,42 27,2¢C 6,3
mkr/min | JIRht-Bla | 100,0 95,54 24,6 bc 215,93 4.1 ab a
JITIC 100 JIRht-Blc 95,4 90,11 26,1 bc 226,33 | 218,10 | 10,8 cd
97,7 81,41 81,47 20,3 23,2b 223,30 9,2b
Mir/ma | JIRht-Bla | 100,0 abe 7,5 bed
B cpen- | jirnt-B1c 97,1 83,12 24,9 207,19 9,2
€M II0
. 89,45 224 46
baxTopy | jjRht-B1a 97,9 21,4 8,9

A

80T



[Tponomxkenue Tadauibl 4.3

Fpaxr. (IO BapranTam) 0,539 0,947 3,838* 1,309 5,185*
HCPy 05 - - 8,6 - 4,3

Foacr. (10 haxTOpy A) 1,818 0,936 1,649 2,911 3,096
HCPp 5 A - - - - -

Foacr. (10 hakTOpy B) 0,736 1,102 4421* 0,377 8,791*
HCPq 5 B - - 6,1 - 3,0

Faaxr. (B3auMOICIICTBHIC 0,266 0,796 3,084* 1,708 2274

AB)

HCPy 05 AB - - 8,6 - -
[lpumeuanue — ‘*” pasznuuus nocroBepHsl npu P = 0,05, mockonbky Fguum = Fueop; BapuaHTBI, CONPOBOXKAAEMBIE

OJIMHAKOBBIMM JIATUHCKUMHU OYKBaMU, Pa3iIUYarOTCs HE3HAUMMO Mo Kputeputo JlyHkaHna; (aktop A — reHortum; ¢akrop B —

BAPUAHT CPEJIbI.

60T
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B L

Pucynox 4.5 — Mopdorennsie kamychl Ha 30 CyTKU KyJIbTHBUPOBAHUS Y BBICOKO-
pocioro cuba, Hecymiero auienb Rht-Bla (a), u kopoTkocTeOeNbHOM JTMHUY C ajlie-

aeto Rht-Blc (0)

y KOpOTKOCTEeOEeIbHOM JIUHUH, Ha cpee npu nodasieHuu JIIIC B 1r060i KOHLEHTpa-
mun (Tabmuma 4.3). OOnamaromuii MeHbIIeH MOP(OreHETHYECKON KOMIIETEHTHO-
CTBhIO BBICOKOPOCIIBIN aHAJIOT MOKa3all YBEJIUYEHHUE IO CPABHEHUIO C KOHTPOJIEM BbI-
X0J1a KaJUTyCOB C 30HaMU BTOpHuYHOM nuddepennumanuu B Bapuante ¢ 1 u 10 Mxr/mi
JIIC.

Kpome Toro, B kamnycax ucclielyeMbIX FeHOTUIOB Ha 30 CyTKH KyJbTUBUPO-
BaHMs MPOBOJMIM CPABHUTEIBHYIO OLEHKY COJIepKaHUs MOJIEKYJISIPHOIO Mapkepa
MEpPUCTEMATUYECKUX KJIETOK MILIEHULIBI — MPOJr(EepaTUBHOIO AaHTUT€HA MHUIMAJIEH
(ITAN) [7] metomom TBepaodazHoro ummyHohepMeHTHOTO aHanm3a. Kak Obu1o omu-
caHo panee (cM. pasnen 3.2), cogepxkanue [TAU B kamtycax Koppenupyer ¢ ux Mop-
(oreHHOl COCOOHOCTHIO [7]. Pe3ynbTaThl JaHHBIX HCCIIEOBAHHUN MOKA3ajH, YTO B
KOHTPOJIbHBIX BapuaHTax 0e3 nobasienus JIIIC nmuHUM JOCTOBEPHO M 3HAYUTEIHHO

pasMyannucy MeXxay codoit mo coaepkanuto [IAU (Pucynok 4.6).
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Ormrrrueckas IOTHOCTB, 490 HM

Kontpoas JINIC 1 mr/a JIIIC 10 mr/n JIIIC 100 mr/a
EJIRht-Blc @EJIRht-Bla

Pucynok 4.6 — Bimusaue JITIC A. baldaniorum Sp245 Ha cpaBHUTENIBHOE COIepIKaHHE
ITAU B kammycax Ha 30 cytku KynpTuBHpoBanus: JIRHT-B1c — koporkocTeOenbHas
nunus ¢ ayutenbio Rht-Blc; JIRht-Bla — Beicokopocias unus ¢ amienbio Rht-Bla
(cu0) (2012 r.). bykBamu natuHckoro andasuta 0003HAYEHBI pe3yIbTaThl TECTA
Jlynkana. BapuaHTbl onbITa pa3inyaroTcs Ha JOCTOBEPHOM YpOBHE €clii B 0003Ha-

YCHUHU OTCYTCTBYIOT OJJMHAKOBLIC 6YKBCHHI)IG 0003HaUYCHHUS

B kamnycax Huzkopocnoi iuaum conaepxanue [TAU noutu B 1,4 pa3za npeBbl-
IaJio €ro cojep:kaHue B BbicOKopociioM cuOe. Ilpu nobaBneHHH B MUTATENIbHYIO
cpeny JIIIC conepxanue ITAU B kamtycax BBICOKOPOCIIOTO cu0a yBEJIMYUBAIOCH U
CTAHOBHWJIOCH MPAKTUYECKH PABHBIM €r0 COJEPKAHUIO B KaJIycaX HU3KOPOCJIOW JIU-
HUU, 001a7aroMIel BEBICOKUM MOP(OTeHHBIM NoTeHIInaaoM. OCOOEHHO SPKO ITO MPO-
SABUJIOCH B BapuaHte ¢ conepxkanueM JIIIC B mutatenbHoit cpeae 10 Mxr/mi, korma
pa3INyuMs MKy JTUHUSIMU CTaJIM CTaTUCTHUYECKU HEAOCTOBEpHBIMU. Bo Bcex moce-
JTYIOLIUX SKCTIEPUMEHTax ucnoab3oBasiach koHeHTpanus JITIC 10 mxr/mi.

Ha BwIxoa pacteHmii-pereHepanToB OO0JIbIIEe BIUSHUE OKa3bIBAT TEHOTHUIT DKC-
nmanTa (Tabmuma 4.3). KopoTkocreOenbHast TUHUS XapaKTepu30Bajach 00Jiee BhICO-

KOW pereHeparmoHHON CITIOCOOHOCTRIO M0 CPABHEHHUIO CO CBOEH CECTPUHCKOW JIMHU-
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€H, 4TO MPOSBUIIOCH Y KOHTPOJIBHBIX pACTEHUI. B ONBITHBIX BapuaHTax IOJ BIUSHU-
em JITIC BbIXOJ pereHepaHTOB Y BEICOKOPOCIION JTMHUM YBEJINYUBAJICS.

Kpome Toro, pereHepanTsl BBICOKOPOCIION JIMHUM OTINYAINACH YBEIMYECHHEM
JUTHHBI TToOera 1 KonnyecTBa MUCTheB (Pucynok 4.7). KopHeBas cuctema dhopmupo-
Bajach BO BCEX BAPHAHTAX C OJMHAKOBOM MHTEHCUBHOCTBIO, a Macca 1ooera Bapbu-

poBaia 6e3 BuauMoii 3akonoMmepHocTH (Tabnuna 4.4).

Pucynox 4.7 — Pactenusi-perenepantsl nunuii JIRht-Blc (a) u JIRht-B1a(0)

4.2.2 AHaTOMO-MOP(}0I0rHYeCKHI AHAJIN3 BJIAMSIHUSA JUIONOJIHUCAXAPUIOB
Azospirillum baldaniorum Sp245
[TapanienbHO MPOBOAUIIOCH AHATOMO-MOP(OJIOTHYECKOE ONMMUCAHUE KYJIbTUBU-
PYEMBIX HE3PEIBbIX 3apOJIbIIiel 00euX JTUHUN U OTOOp OOBEKTOB JIJIsi TMCTOJIOTHYC-

CKHUX UCCJIEJOBAaHUMU.



Tabmuua 4.4 — Bimsaue JITIC A. baldaniorum Sp245 na Mopgonorudeckue mapameTpbl pacTCHHI-PEreHEPaHTOB

11{1222:5;23; Jnvna noGera, | KommuectBo | Jlnwna xopHs, | KommdectBo | Macca mobera c
cM JVICTHEB, IIT. cM KOPHEH, IIIT. KOPHSIMH, MT
KaJlTyCce, IIT.
B B B B B B
Bapuant R cpen- cpel- cpel- cpen- cpen- cpen-
cpenbl moBa- | HEM |TOBa-| HEM |TMOBa-| HEM |TMOBa-| HEM |IOBa-| HEM | MO Ba- | HEM
puaH- | 1O | pUaH- no | puaH- | 1O | pUaH- no | puaH- | 1O puaH- 1o
Tam dbak- TaMm dbak- TaMm dbak- TaM dak- | Tam bak- TaMm dbak-
TOpY TOpY TOpY TOpY TOpPY TOpPY
B B B B B B
JIRht-Blc | 24 1,0a 2,2a 1,9 3,8 303,2ab
KonTpoiib 2,4 3,0 4,5 15 5,4 326,4b
JIRht-Bla | 2,3 4,9c 6,8bcd 1,0 7,0 349,5bc
JIIC 1 JIRht-Blc | 2,0 3,4abc 2,6a 15 50 231,3a
2,3 4,1 5,7 1,5 51 261,2a
mrx/ma | JIRht-Bla | 2,5 4,8¢ 8,8d 1,4 52 291,0ab
JIIC 10 | JIRht-Blc | 2,0 2,0ab 3,1a 0,9 4,6 363,2bc
2,6 3,1 5,0 1,3 52 383,2¢c
mkr/ma | JIRht-Bla | 3,2 4,2bc 6,9cd 1,6 5,7 403,1c
JITIC 100 | JIRht-Blc | 24 4,1bc 2,4a 1,3 4,2 321,2b
2,3 4,2 4,8 1,4 4,7 319,7b
mkr/mn | JIRht-Bla | 2,2 4,2¢c 7,1cd 1,4 51 318,2b
B cpennem | JIRht-Blc 2,2 2,6a 2,6a 14 4.4a 304,7a
1o ¢akrto-
JIRht-Bla 2,6 4,5b 7,4b 1,4 5,8b 340,5b

py A

et



[Iponomxkenne Tadnuusl 4.4

Fopaxr. 0,883 3,965* 5,095* 1,722 1,840 5,111*
HCPyg 05 - 2,2 3,5 - - 76,5
Foaxr. A 1,923 14,926* 23,524* 0,149 5,310* 4,886*

HCPg 5 A - 1,3 2,0 - 1,3 442
Fpacr. B 0,293 1,128 0,481 0,259 0,081 10,265*
HCPg5 B - - - - - 94,1
Fpar. AB 0,954 1,322 0,494 3,972* 1,864 0,070
HCPg05s AB - - - 0,8 - -
[lpumeuanue — ‘*” pasznuuus nocroBepusl npu P = 0,05, mockonabky Fguum = Fueop; BapHaHTBI, CONPOBOXKAAEMBIE

OJINHAKOBBIMH JIATUHCKUMH OYKBaMH, Pa3jIHYarOTCs HE3HAuMMo 1o kputeputo JlyHkana; daxtop A — reHorur; ¢akrtop B —

BapUaHT CPCAbI.

4%
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Ha 7-e cyTku KyJnbTUBUpPOBAHUS aHATOMUYECKHM aHANIM3 SKCIUIAHTOB IMOKa3al,
YTO BaXHON OCOOEHHOCTHIO COCTOSTHUS CTPYKTYPHBIX 3JIEMEHTOB 3apO/IbIIlIa HUCCIeIye-
MBbIX JIMHUWA B KOHTPOJIBHOM BAapUaHTE SIBISUIOCH YBEIMYECHHE MPOIH(PEPATUBHON aK-
TUBHOCTH KJICTOK U TKaHEH y3JI0BOM 30HBI IEPBOIO JIKCTA, & TAKXKE 30HBI IIEpeXo/ia Mo-
Oer—KopeHb, YTO XOPOIIIO MPOCMATPUBACTCS Ha cpe3ax TkaHel obeux muHui (PucyHOK
4.8). B OCHOBHOM KaJUTyCOT€HHYIO aKTUBHOCThH MPOSBISLIN KICTKUA (HOPMUPYIOIIUXCS
MPOBOASIINX MYy4YKOB. TKaHM BEpXHEW YacCTU KOJICONTHIISI U TIEPBOTO JIMCTOBOIO MpH-
Mopaus B BUAY AuddepeHnnanuu KIeTOYHbIX CTPYKTYp HE MPOSBIISIIA MEPUCTEMATHU-

YCCKYIO aKTUBHOCTD.

Pucynox 4.8 — Mepucremaruueckasi akTHBHOCTh TKaHEH 3apobiiieil 00eUX JIMHUH
TIITIICHUITBI HA 7-€ CYTKH KYJbTHUBHPOBAHUS, KOHTPOJIb: a. — HU3KOPOCIIast TUHUS; 0. —

BBICOKOPOCJias JIMHHUA, = — I'PaHUIBI 30H

HccnegoBanne GUKCUPOBAHHBIX 3apOJBIIICH, MOMEIEHHBIX B PACTBOP TJIMLIEPU-
Ha (Pucynok 4.9), 03BOJIMIO YCTAHOBUTH MECTOIMOJIOKEHUE 30H MEPUCTEMATUYECKON
aKTUBHOCTU B CPEIHEH YacTH KUJIOK KOJICONTHIS M MEePBOro JUCTA. ITO OOBSCHAETCA
TEM, 4TO KJIETKH MPOBOJSAIINX MYYKOB COXPAaHSIOT MEPUCTEMATHYECKYIO AKTUBHOCTh B
30HAaX PACMOJIOKEHUS UHTEPKAISIPHON MEpPUCTEMbI, 0OecrieunBasi, TaKUM 00pa3oM, poCT
Y pa3BUTHUE 3apOJBIIIEBBIX CTPYKTYp. He MeHee akTUBHBI U KJIETKH LINATKA.

Peakuys mapeHXMMHBIX TKaHEH W30JMPOBAHHBIX 3apOJABIIIECH MCCIECAyEMOM JIH-

HHUH, HAXOJAIIUXCS B obnactu y3HOBOﬁ 30HBI IIEPEXOJaa cTeOns B KOpPEHb, KOJICOPHU3bI U
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amubacTa, 3aKIoYaiach B TUIIEPTPOPUU KIETOK, YTO YKa3bIBAJIO Ha OTCYTCTBHUSI MEPU-
CTEMATUYECKOM aKTUBHOCTU. DAKT paACTSKEHUS KIETOUHBIX CTEHOK CBHJIETEIBCTBOBAI
0 AyKCMHOBOM 3aBHCHUMOCTH 3TOro mpouecca. [IpyyeMm naHHas OTBETHasl peakuus TH-
NMUYHA JJIS TOJUIUIONIHBIX U AuddepeHITMPOBAHHBIX KIETOK. AHAJIIOTHYHAS PEAKIIHSI

TKaHel HaO0JII01a1ach U 'y BRICOKOPOCIION JTUHHH ¢ ajuteiaeM rena RhtBl.

a 0

Pucynox 4.9 — Mopdonoruaeckoe COCTOSTHUE CTPYKTYPHBIX KOMIIOHCHTOB 3apO/IbIIIa
HU3KOPOCJION JTMHUU HA 7-€ CYTKH KYJIbTUBUPOBAHUS, KOHTPOJIb: | — TPOMEKYTOUHBIE
1 2 — OOJIBITION MPOBOASAIINN MTyYOK KOJICONTHIIS; 3 — KOJieopu3a; 4 — BEpXHAA U 5 —
HIDKHSISL 4acTh IIUTKA; 6 — ANU0IacT; a. — HU3KOpOcas JUHUS; 0. — BEICOKOpOCIas

JIMHUA

Beenenne B nurarensHyro cpeny JIIIC oka3piBano mosoKUTENBHOE BIWSHUE HA
MEpPUCTEMATUYECKYIO AKTUBHOCTH KJIETOK B y3JIOBOM 30HE IIEPBOIO JIMCTA, & TAKXKE B
30HE Tepexojia MoOer-KkOpeHb KyJbTUBUPYEMBIX B T€UEHUE HEIEIH 3apOJbllieid. ITO
OOyCIIOBJICHO YBEJIMYEHHEM OYaroB WM JOKYCOB MEpPUCTEMATHYECKON aKTUBHOCTU B
TeX K€ CaMbIX 30HaX, YTO paHee HAOIIOAATUCH B KOHTPOJIbHBIX BapUaHTaxX HCCIEaye-
MbIX TeHOTHIIOB (Pucynok 4.10).

[Iponudepanus KIeToK B Mepu(pepruyecKoil YaCcTH IMUTKA 3apOAbIIIeH MPOI0JI-
kKajach U Ha 15-€ CyTKM KyJlbTUBHPOBAHUS, YTO OOYCIIOBJIEHO HAJIMYMEM B IPOBOIS-

X TKaHAX MEPHUCTEMATUUCCKU AKTUBHBIX KJICTOK. HpI/I O9TOM Ha OCHOBAaHHMH aHAJIM3a
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IUIOTHOCTH KJIETOYHBIX CTPYKTYpP YETKO BBIJEINISIOTCS 30HBI C HEPABHOMEPHOW MPOJIH-
depauueit. Tak, Ha nepudepuitHpIx ydacTkax (OpMHUpOBaNach KalTyCHas TKaHb, CO-
CTOsIass U3 KOHIJIOMepaTa TUIEepTPO(PUPOBAHHBIX KIETOK C OOJBIIMMHU MEXKKIIETOY-
HBIMU MIPOCTPAHCTBAMU. MaKkcUMaIbHON MEpUCTEMATHUYECKONH aKTUBHOCTHIO O0JIagaiu

KJICTKH, PACIIOJIOKCHHBIC B 30HC ITPOBOIANINUX ITYIKOB.

Pucynok 4.10 — MepuctemaTtnueckasi akTHBHOCTD HEJICJIBHBIX AKCIUIAHTOB OITBITHBIX
3apOJIBITIEH UCCIIETyeMbIX JTMHHH MIIIEHUIIBI: @ — HU3KOPOCas JTHHUS; O — BEICOKOPOC-

Jjasg JUHUuA, — MCpI/ICTeMaTI/I‘-IeCKI/Iﬁ JIOKYC

B pesynbraTe HEpaBHOMEPHOIO Pa3BUTHUS HAPYXKHbIE KIETOYHBIE CTPYKTYpPHI
pacTATUBAIINCH, @ BHYTPEHHHE OBICTPO MePeXoauian K qudepeHimaium, 4To IpUuBOIH-
JO K 3aKkpyuuBaHuio TKaHed muTtka (Pucynok 4.11 a). IlomoOusiit 3ddext Obl1 ycTa-
HOBJIEH U B KOHTPOJIbHOM BapHaHTE CECTPUHCKOTO BBICOKOpOCIOro cuba. OTinume co-
CTOSJTO JIUIIh B TOM, YTO y BBICOKOPOCIION JIMHUM OBLIO OOJNBIIE PHIXJIBIX KAJTYyCHBIX

KJIETOK B o0OJsiactu kosieopusbl (Pucynok 4.11 0).
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Pucynok 4.11 — Mop@donornyeckoe coOCTOSSHUE CTPYKTYPHBIX KOMIIOHEHTOB LENBIX 3a-
POABILIEHA UCCIIETYEMBIX JIMHUM MIIEHUIBI HA 15-€ CyTKM KyJIbTUBUPOBAHUS, KOHTPOJIb:
a — HU3KOopocJast IMHUS; O — BBICOKOPOCIbI cul; 1 — BepXHssA 4acTh MIMTKA; 2 — HUXK-

HSISL 4acCTh IIUTKA; 3 — rJIaBHBIN KOPEHb; 4 — KoJeopusa

Jlo6asnenue JIIIC A. baldaniorum Sp245 B nutarenbHy0 cpeny HPUBOAUIO K
YIUTMHEHUIO KOJIEONTUIIA U MEPBOTO JIMCTA U30JUPOBAHHBIX 3apOABIIIEH, HE3aBUCUMO
OT reHotuna. [Ipuuem y HU3KOpPOCIION JIMHUU KOJIEONTUIIb YBEJIMUUBAJICS B pa3Mepe, HO
[IPpY 3TOM yTpayMBaj MPOCTPAHCTBEHHYIO OPUEHTAIMIO, BBIPAYKABIIYIOCS B €0 3aKpy-
yrBaHuM. [loTeps mpoCTpaHCTBEHHON OPUEHTALMH KOJEONTUIIEM JIMHUHA BBICOKOPOCIION
NIICHUIBI ObUTa MEHEEe 3aMETHa, XOTS U B 3TOM cliydyae He HabJt0/1alloch COXpaHEHUE
aOCOJIIOTHOM OpUEHTAlMU MOJSIPHOCTH. B 30HE HIMTKA MPOUCXOIUIIO YIUIOTHEHUE Kile-
TOK, OJHAKO YETKUX PA3IHUYUNA B 3aKJIaJKE dSMOPHOTEHHBIX CTPYKTYp HE OOHapyKHBa-
nock (Pucynok 4.12).

Ha 21-e cyTku KyJIbTUBHPOBAHUS U30JMPOBAHHBIX 3apO/IbIIIEH B 00J1aCTH IIUTKA
U OTXOJIAIIUX OT HETO TSHKEH B KOHTPOJIBHOM BapUaHTE 00EUX JIMHUI HaOIIOaICs CO-
MaTUYECKU IMOPUOTEHE3, B PE3YJIbTaTe KOTOPOro 00pa30BaIMCh 3apOIbIIIETOJ00HbBIE
CTPYKTYpPBI, HAIOMUHAIONME AHAJIOTHYHBIE CTPYKTYpPbhI, CPOPMHUPOBAHHBIC MPHU HOP-
MajJbHOM 3UTOTHYECKOM SMOpHoreHe3e. ENMHCTBEHHBIM OTIMUKMEM WX SBISIIOCH TO,
4yTO 00pa3oBaBIIKEcs SMOPUOUIBI UMENU MOYEUHYI0 OpraHu3aluio, T.e. He (hopMupo-

Bayu kopHelt (Pucynok 4.11 al, 61).



a §)

Pucynok 4.12 — Mopdonorndeckoe cOCTOSSHUE CTPYKTYPHBIX KOMIIOHEHTOB 3apO/Ibl-
et 00enx JIMHUM NIIEeHUIB] Ha 15-€ CyTKU KylIbTUBUPOBAHUS, OIBIT: @ — HU3KOpOCas

JUHUSL; O — BBICOKOPOCIBINA cHb; 1 — KOJIEeONTUIb; 2 — IUTOK

B Bapuanrtax ¢ no6asnenueM B nutatenbHyto cpeay JIIIC A. baldaniorum Sp245
TaK)Ke HE MPOMCXOAMI pusorenes. OIHAKO 3apOBIIIEIIONO0HBIX CTPYKTYP B OIBITHOM
BapHaHTe OBUIO MHOTO, HO OHM MMEJIH MEHbBIIUE pa3Mepbl. IIpu 3TOM YETKO BbIaCIsA-
JMCh BE 001aCTH MX MAaCCOBOI'0 BO3HHKHOBCHHMS — 30HA IIUTKA U COIMIKCHHBIX Y3JIOB
(Pucynok 4.13 a2, 62).

AHATOMO-THCTOJIOTHYECCKUMHU METOJIaMH ToATBepxkaeHo, uto Hamuuue JITIC B
IUTATENBHOM Cpeie MPUBOAMIO K 3aMETHOMY IOBBIIIEHUIO MOP(GOreHHOTO MOTCHIINAA
COMATHYECKUX KJIETOK Ha 21-¢ CYyTKM KyJIbTHBHPOBAHUS JBYXHEACIbHBIX 3apOJIbIIICH.
JITIC A. baldaniorum Sp245 ctumynupoBai yBeTHUEHHE OYaroB MEPUCTEMATHUECKOM
AKTHMBHOCTH B Y3JIOBOW 30HE TIEPBOTO JIMCTA, a TAKKE B 30HE Tepexoja moder—KopeHb
3apOobIIeH UCCIeNyeMbIX TeHOTUIOB. Hanbobieit pu3noaorudeckoit akTUBHOCTHIO B

OTHOIIICHUH KAJTyCHBIX KJIeTOK mineHutbl ooanan JITIC B konuerTpamuu 10 mr/.
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Pucynok 4.13 — Mopdonorudeckoe cOCTOSHAE CTPYKTYPHBIX KOMIIOHEHTOB IIEITBIX 3a-
POABILLIEN UCCIIETYEMBIX JIMHUM MIIEHULBI HA 21 1€Hb KyJIbTUBUPOBAHUS, KOHTPOJIb: 1.
— koHTpoIb; 2. — JITIC A. baldaniorum Sp245 10 mr/i; a — HU3KOpOCas TUHKS;, O — BbI-

COKOPOCJIBIN cuO;  — 3MOPUOUIBI

4.2.3 CpaBHHMTeIbHOE H3yYeHHe BJIMSTHUS Junonojaucaxapumaon Azospirillum
baldaniorum Sp245 u Escherichia coli K12
st yeranoBnenus poiu ctpykTypsl JITIC Obutn mpoBeieHbI HCCIIeIOBAHUS POJIU
O-aHTurena, kak Hauoosiee rereporennoi yactu JIIIC, B ctumynupoBanuu MopgoreHe-
3a B KyJbTyp€ COMAaTHYECKUX KaJUIyCOB MHIIEHULBI. O-aHTUT€H — BaXKHAs Hapy»KHas
yactb JIIIC, sxcnoHupoBaHHas BO BHEILIHIO cpeny. OH mpeacTaBiseTr co0oi monuca-

Xapu, COCTOAIIUN U3 TTOBTOPSIOIMIUXCS OJIUTIOCaXapUIHBIX 3BeHbEB U3 1 — 8 OCTaTKOB
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caxapoB [516]. Bapuamuu ocTaTKoB caxapoB, IOCJCIOBATCIBHOCTH HMX COCIUHCHUS,
TUI CBSA3U MEXKJy COCEIHHUMM OCTaTKaMH, HaJIU4YHE€ WM OTCYTCTBUE 3aMECTHUTENICH
IPUBOJST K OTPOMHOMY pa3zHo0Opa3nio O-aHTUTEHOB B Pa3HbIX IITAMMaX rpaMoTpuUlia-
TenbHBIX OakTepuil. [lockonpky O-aHTHTEH SKCTIOHUPOBAH HAPYXKY M COACPIKUT OO0JIh-
[I0€ YUCJIO XUPAIbHBIX aTOMOB YIJIEPO/a, OH SBJISETCSI OCHOBHOM aHTUTC€HHOW JieTep-
MUHAHTOM KJieTKU. [ uzydeHus: poiau O-aHTUreHa ObUT UCIOJB30BaH J1aOOpaTOPHBIN
mramm Escherichia coli K-12, koropsriit B oTimanu ot JITIC A. baldaniorum Sp245, ne
coaepxut O-aHTUTEHA 3a CYST MyTallMU B reHe paMHO3uITpanchepassl [569].

B 2012-2013 rr. ObLIM IPOBEAECHBI 3KCIEPUMEHTBI, B KOTOPBIX B OINBITHBIX Bapu-
aHTax B craHiapTHyro cpeay BBoawiau JITIC A. baldaniorum Sp245 u sHTepobakTepwmii
mramma E. coli K12 B xonunenTpanuu 10 mxr/mi. KoHTposieM city:xuia cTaHaapTHas
cpena Jluncmaiiepa-Ckyra ¢ 2,4-J1 2 Mr/i. B xaxxJ1oM BapuaHTe Ha TUTATEIbHYIO CPEILY
JUIs1 KaJutycorenesa noMemanu o 100 3apopsiiieii.

Ananu3 kamrycoB Ha 30 CyTKM KyJbTUBUPOBAHHUSA MOKa3aj, YTO aKTUBHBINA IMPO-
necc neauddepeHunany U npoaudeparuu CoOMaTUUECKUX KIETOK HE3PENbIX 3apObl-
el HaOroAalics BO BCEX BapuUaHTax OMbITa. D(OPEKTUBHOCTH KajlycoreHesa OblLia
BBICOKOM, Om3kou k 100%, 1 He 3aBHCEIa OT TCHOTHUIIA UJIW HAJTWYHS JTOMOJHUTEIIBHBIX
KOMITOHCHTOB B niuTareabHou cpene (Tabmnwuma 4.5).

[Tocne 30 cyTok KyJIbTHBHpPOBaHHUS Ha MOPGOTECHHBIX KajUTycax HaOII0Janioch
MOSIBJICHHE 0YaroB MEPUCTEMATUUECKON aKTUBHOCTH U 3€JIEHBIX 30H pereHeparuu. [Ipu
ATOM B KOHTPOJIBHBIX BapUaHTaX, MO CPEJHUM JAHHBIM 3a 2 ro/a, 4acToTa GopMHpOBa-
HUsL MOP(OTeHHBIX KaJTyCOB COCTaBisia y obeux nuHuid meHee 20% OT KoJM4ecTBa
obpaboTanubix JITIC sxcmnantoB (Tabnuma 4.5).

Beenenue B coctaB cpeapl JITIC 6akrepuii A. baldaniorum Sp245 noBeiimano ak-
TUBHOCTh MOp(oreHeTuueckux npoieccoB. CTaTUCTUYECKU JTOCTOBEPHOE MPEBBIIICHUE
BBIXO/Ia KAJUTyCOB C OYaraMyu MEPUCTEMAaTHYEeCKOW aKTHBHOCTH HAOIIOAAIOCH Y KOPOT-
KocTeOenpbHOU naun npu Aobasnenuun JIIIC azocnupuiut B muTaTeabHy0 cpeny Oonee
yem Ha 10 % (Tabsuua 4.5).

OO6manaronumii MeHbIIeH MOP(HOTCHETHUECKOM KOMIIETEHTHOCTBIO BEICOKOPOCITBIN

aHaJIoT" 110/ I[ﬁﬁCTBPICM JIIIC A30CITUPUILI TAKXKE IMOKa3aJl YBCIIMYCHUC 110 CPABHCHUIO C
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KOHTPOJIEM BBIXO/Ia KaJUTyCOB € 30HaMH BTOpu4HOH nuddepenunanun Ha 8§ %. B To xe
Bpemst JITIC saTepobakTepuii E. coli K12 He oka3biBan BIMsSHUS Ha CIIOCOOHOCTH COMa-
THYECKUX KaJUTyCOB K BTOPUYHOW AU PepeHINAIE MEPHCTEMAaTHUECKIX 09aroB HU Y

OJTHOTO M3 HCCIIeayeMbIX TeHOTHITOB (Tabmuia 4.5).

Tabnuna 4.5 — Bimsuue Gakrepuansubix JIIIC A. baldaniorum Sp245 u Escherichia

coli K12 ma Mmopdorenes B KyJIbType COMAaTHIECKUX TKAHESH MIICHHUIIBI

Obwii BrIxon Brixoa mopdo- Brixon perene-
KaJUTYCOB,
% or sxemar. | TCHHPIX KajuTycos, paHTOB,
% OT DKCIUIAHTOB | % OT AKCILIAaHTOB
TOB
Bapuant
CETEI I'enotun B B cpest- B
P 1o Ba- | cpen- o Ba- | cpen-
10 Ba- | HEM TI0
puaH- | memmo | (baxTo- puaH- | HEM 1o
TaM | akro- P by B Tam dakTo-
pyB py B
JIRht-Blc | 96,45 15,36 b 6,20 bc
Kommpom: I pht-Bla | 97,25 | 0% 11324 %P 2604 | +*2
JITIC A. bal- | JIRht-B1lc | 99,50 25,48 d 8,89 c
dasnr:g;‘;m JIRht-B1a | 100,00 | 327 | 1986¢ | 2283 | 5204p | 706D
JITIC E. coli | JIRht-B1c | 100,00 11,66 ab 4,12 ab
K12 | JRhe-Bla| 100,00 | 999 10004 | 10832 [3s0an | F812
B CPCIHEM | JIRht-Blc 98,65a 17,5b 6,40b
1o GakTopy
A JIRht-Bla 99,08b 13,7a 3,66a
F paxr. 1O BApHAHTAM 4,852 25,228* 8,151*
HCP (5 no BapuanTam - 4,35 2,84
Fpacr. IO hakTOpy A 11,709* 54,244* 9,652*
HCPy 5 1o daktopy A 1,860 3,08 2,01
Fpacr. 10 PakTopy B 0,532 14,899* 16,635*
HCPy 5 mo daxtopy B - 2,51 1,64
Foar 33”24]'3‘1’3”01’03 0,156 1,377 2,407
HCPg 05 B3auM. axro- ] i ]
poB AB

[Tpumeuanne — “*” paznuuus goctoBepHsl npu P = 0,05, nockonbky Fpum =
Ficop.; BApUAHTBI, CONPOBOKAAEMbIE OJJMHAKOBBIMU JIATUHCKUMH OyKBaMU, pa3jInyaroT-
Csl He3HAYMMO 110 Kputeputo JlyHkaHa; gaktop A — reHotur; ¢akrop B — BapuaHT cpe-
IBI.
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Ha BbIXOJ pacTeHUI-pEreHEPAaHTOB CYIIECTBEHHOE BIUSHHUE OKA3bIBAJl TAKKE Ie-
HoTHn dKkciuianta (Tabmuma 4.5). KopoTkocTebenbHass TUHUS XapaKTepu30Bajiach 00-
Jiee BBICOKOW pereHepalmoHHON CIIOCOOHOCTHIO 10 CPABHEHUIO CO CBOEH CECTPUHCKOM
JMHUEH, 9TO MPOSBISUIOCH Y KOHTPOJBHBIX pactenuit. [Ipu neiicteum JIIIC A. baldani-
orum Sp245 BBIXOJT pereHepaHToB y ciiabosMmOpuorenHoi nuHuu JIRht-Bla yBenuun-
BAJICS TIOYTH B 2,5 pa3a MO CPABHEHHIO C KOHTPOJIEM. BBIXO/I pereHepaHTOB y HHU3KO-
pOCIIOl BRICOKOAMOPHUOTEHHOM JHHUM Takxke yBenuuupancs nof aeictauem JIIIC azo-
CIUPWJUI, HO HA MEHEE 3HAUMTENbHYI0 BennunHy. B ortinmume ot JIIIC azocnupwuii,
JITIC »snTepobakTepuii E. coli K12 oka3piBan He3HAUNTEIPHOE BIUSHUE HAa BBIXOJI pere-
HEPAHTOB Y BBICOKOPOCIION JIMHUM M J1a’K€ HECKOJIBKO CHIIKAJl ATOT MOKa3aTesb y KO-
poTtkocTtebenbHol uaun (Tadmuna 4.5). PerenepanTsl BBICOKOPOCIION JIMHUM OTIHYa-
JUCh YBEJIIMYEHUEM JUTMHBI T0OETa B KOHTPOJIBLHOM BapHaHTE MPU aHAIM3€ MO BapuaH-
TaM, a TaKXKe B 1EJI0OM 10 (aKTOPy BIUSHUS T€HOTHUIIA.

B pesynbrare mpoBeneHusi SKCIEPUMEHTOB ObLIO ycTaHoBieHo, yTo JIIIC acco-
muaTBHBIX Oaktepuit A. baldaniorum Sp245 ctumynupyeT mnporecchl BTOPHYHOM
muddepeHnnanu U pereHepalMoHHy0 CIOCOOHOCTh KAJTYCHBIX KJIETOK TMIIICHMUIIBI,
MOBBIIIAs TEM CaMbIM 3(DPEKTUBHOCTh KYyJIbTUBUPOBAHUSI T€HOTUIIOB C HU3KUM MOpJo-
T€HHBIM [TOTEHIIUATIOM.

B 10 xe Bpemst JITIC sutepobakrepuii E. coli K12 He oka3biBai BIAMSHUS HA CIIO-
COOHOCTh COMATHYECKUX KaJUTyCOB K BTOpHYHON AuddepeHumanuu MepucreMaruye-
CKHUX 0YaroB y UCCJIEIyeMbIX TeHOTUMOB. [lokazarenu BpIxo/1a MOP(OTEHHBIX KaJLUTyCOB
Y PacTEHUU-PEreHepaHToB Npu AericTBUM AaHHOro JIIIC He oTnmyanuce OT KOHTPOJIb-
HBIX BAPUAHTOB. DTH PE3YyJbTaThl COINIACYIOTCS C JAHHBIMH, IMOJTYYEHHBIMU paHee MpHU
BoznerictBun JITIC azocnupmiut v SHTEpPOOAKTEpU HA KOPHEBYIO CUCTEMY ITPOPOCTKOB
MIICHUIIBI B SKCIIEPUMEHTAxX IN VIVO, re yCTaHOBJIEHO, COOTBETCTBEHHO, TOJOXKHUTEIb-
Hoe Biusaue JITIC A. baldaniorum Sp245 u neiitpansaoe — E. coli K12 Ha dyHKImo-
HAJIbHYIO0 aKTUBHOCTD KJICTOK KOPHEBBIX MEPUCTEM MIIECHUIIBI [224].

Crnenyer OTMETUTb, UTO BCE MCCIIEIOBAHHBIE K HACTOSIIIEMY MOMEHTY (C TOYKU
3pEHUS CTPYKTYPbl HOBEPXHOCTHBIX MIMKOIMOIMMEPOB) MITAMMBI a30CIUPUILT UMEIOT S-

dbopmel JIIIC, T.e. conepxat O-cnenuduueckuii nommcaxapus (O-I1C) ¢ Tol unm nHou
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JuHOU monncaxapuaHoi renu [470]. Kpome Toro, B JOCTYIHOM JIMTEpaType HET CBe-
JICHUH O TIOJyYCHUH CIIOHTAHHBIX MW WHIYIIMPOBAHHBIX MYTAHTOB a30CHUPWILI, yTpa-
tuBmUX O-IIC (BO3MOKHO, BCIIEJCTBUE JIETAJILHOTO XapakTepa Takux myrtanwii). [lo-
TOMY B JIaHHOM paboTe HE MPEACTABISIOCH BO3MOYKHBIM 33JI€CTBOBATh B KOHTPOJIb-
HbIX dkcnepumenTtax JIIIC 6e3 O-cnenupuyueckoro noaucaxapuaa, BblACICHHbBIN U3 JT1-
KOTO IITaMMa WM MyTaHTa a30CIUpUILIL. [ CpaBHUTENBHOTO UCCIEOBAHUS BIUSIHUS
JIIIC na Mop@doreHes KauTyCOB MIIEHUIBI ObLT UCIIOJIB30BaH MOEIBbHBIN IITaMM Hema-
ToreHHbIX 3HTEepoOakTepuit E. coli K-12, JITIC koroporo He comepkut O-IIC B cBOEeM
cocraBe [549], HO BKITIIOYACT OJMTOCaxapuIHYI0 KOPOBYIO 00J1acTh U jaumua A. M3BecT-
HO, 4To CTpykTypa numuaa A E. coli paccmatpuBaeTcs B kauecTBe KaHOHUYECKOM
ctpykrypsl juisi JITIC Bcex rpamoTpuiarenbHbix Oaktepuid. [Ipm 3TOM HMMEHHO 3Ta
yacth JIIIC, kak monararoT, 00iaaeT MUTOT€HHBIM ACHCTBUEM Ha 3YKapHOTUYECKUE
kiaetku [601]. B maHHBIX SKCIEpUMEHTAaX aKTUBHBIN MPOIECC MpoJudepaui Ha0Iro-
JTaJICsl BO BCEX BapUaHTaxX OMNBITA, YTO YKA3bIBAET HA OJIMHAKOBYIO (DYHKITHIO Jumua A
B JIIIC snTEepoOakTepuii U a30CIUPUILI.

OnHako, orcyrcTBue nojoxureabHoro Biausaus JIIIC E. coli K-12 Ha BTOpHUY-
HYy10 JudPepeHranmo U pereHepaloHHY0 CIOCOOHOCTh KAJITYCHBIX KJIETOK MILEHH-
bl TO3BOJIMJI TIPEATONOKUTh, YTO ATOT 3PPEKT MOXKET ONPEALIATHCS UMEHHO MOJUCA-
xapuaHoi yacteio MoJekyanl JITIC.

Bo3moxno, JITIC azocniupuiit B3auMOAECHCTBYET C PACIO3HAOIIUMH PELENTOPa-
MU PACTUTETBHBIX KJIETOK, TaKHUMH, KaK CHEHU(PUYECKUE JICKTUHBI WIH PEIenTop-
o 00HbIe KWHa3bl [521], Wiu HEKHe rOPMOHAIBHBIC PEIENTOPHI, JIOKAIN30BaHHBIC HA
MOBEPXHOCTU PACTUTEIBHBIX KIETOK. Takoe B3aMMOJEHCTBHE aKTUBUPYET Iepeaady
CUTHAJIa B SIIPO, YTO MPUBOJUT K PEMPOrPAMMHUPOBAHUIO TEHOMA B HAIMPABIECHUU CO-
3laHUs YCJIOBUU NJIs peaju3aluy KIeTKaMH UX MOP(OreHEeTHYECKOro MOTEHLrana
[654].

VYuutsiBas, yto BausHuE JIIIC B HEKOTOPBIX ClIydastX aHAJIOTHYHO JIEUCTBUIO Lie-
JBIX OakTepHalbHBIX KiIeTok [224, 340, 369], mpencraBiasieTcss BEPOSITHBIM, YTO OH MO-
JKET BO3JEHUCTBOBATh, B YACTHOCTH, Ha akTUBHOCTh MYK-okcuaas B pacteHusx, kak 3To

ObuT0 ycTaHoBieHO B ciydae Bacillus subtilis [368], u Tem cambiM BIusATH Ha COOTHO-
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IIEHHE ayKCUHOB U IIUTOKMHUHOB B PACTUTEJBHBIX KJIETKaX, ONPEAEISIOLIEE B CBOIO
ouepeqb X0 peaNn3aly KIeTKkaMu MOp(OreHeTHYeCcKo mporpaMMbl pa3Butus. Kpo-
me Ttoro, JIIIC MoXeT akTUBU3UPOBATh CUTHAJbHBIE MOJIEKYJIbl 3AIMTHBIX pPEaKLUN
pacTeHusl, TAKUX KaK SHAOXUTHUHA3bI, KOTOPBIE SBISIOTCS MHULMATOPAMU JEJIEHUNA Me-

puctemarnueckoro tuma [532].

4.2.4 U3yuyeHnue BJIMSIHHUS JIUTIONOIMcAXapua0B dakTepuii poga Azospirillum

beuto nposeneno uszyuenue Biusaus JIIIC A. brasilense Sp7 B konnentpanuu 10
MI/1 Ha MOpGOTeHe3 B KyJbType COMATHYECKUX TKaHEH H3yd4aeMbIX JMHUN MSTKOU
nueHupl. beuto ycranoBieHo, 4to k 30 cyTkaMm KyJIbTUBUPOBAaHUS OOLIUI BBIXOJ KaJl-
JIyCOB B KOHTPOJILHOM BapHaHTE U Ha MUTATEIbHOU cpene, conepxamiei JIIIC A. bra-
silense Sp7, 661 6130k K 100% (Tadmuma 4.6). JIoCTOBEpHBIX pa3Induii MEXIy Bapu-
aHTaMM OIBITA MO CHOCOOHOCTH K (hOPMHUPOBAHMIO KaJUIyCOB U3 JKCIUIAHTOB HE yCTa-
HOBJICHO.

Ha dopmupoBanre Mop(OreHHBIX KajulyCOB Take€ HE YCTaHOBJIEHO JOCTOBEp-
Horo Biusaus JITIC A. brasilense Sp7 y nuHuil MIICHUIBI: BAPHAHTHI OIBITA HE OTJIH-

qaJmch oT KoHTpoJIs (Tadnuna 4.6)

Tabmuna 4.6 — Bmusuue JIIIC A. brasilense Sp7 na kammrycoreHe3 B KyJIbType

COMATUYECKUX TKaHel nuuuil markoi nmenuisl JIRht-Blc and JIRht-Bla

Brixon kamny- Brixoa MmopdoreHHBIX Kall-
Komu-
Bapuant YeCTBO COB JIyCOB
I'enorun _
9KC 0 0
cpeabl % OT % OT
IIaH= |y, % IIT.
TOB, IIT. DKCILI. KaJil.

Kontpons | JIRht-Blc 740 725 | 98,0+1,2 | 103 | 13,9+2,5 | 14,226
JIRht-Bla 782 768 | 98,2+0,9 | 77 | 9,85+2,1 | 10,0£2,1

JIIC A.

brasilense
Sp7 JIRht-Bla 200 199 | 99.5+£1,0 | 24 | 12,0+4,5 | 12,1+4.,6

JIRht-Blc 200 200 100 26 | 13,0+4,7 | 13,0+4,7
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Ha stane perenepanuu HaOII0AAIOCh YBEJIIMUEHHUE PETeHEPAIMOHHONW CIIOCOOHO-
CTH OTHOCHUTEIILHO KOJMYECTBA HKCIUIAHTOB M MOp(OTeHHBIX KamtycoB y jauaun JIRht-
Bla no cpaBHeHUIO ¢ KOHTpojeM, a Takxke y auHuu JIRht-Blc oTHOcuTEeNnbHO KOIMUe-
cTBa MOpQoreHHbIX KayutycoB (Tabwma 4.7).

Hevicteue JITIC mramma A. brasilense Sp7 Ha kaJuTyChl MIIEHUIBI OTAMYAIOCH OT
panee omucannoro neiictBus JIIIC mramma A. baldaniorum Sp245. JIIIC mramMma
Sp245, B otnuuue ot JITIC mramma Sp7, cyliecTBEHHO MOBBIIIAT BBIXO MOP(HOTEHHBIX
KaJUIyCcOB 0O€uX JIMHMU MIIEHUIb! (KaK MMOKa3aHo BbllIe). B To Bpems Kak UTOTOBBIN
BBIXOJl pacteHuil pereHepantoB JmHUE LRht-Blc and LRht-Bla mns JIIIC o6owux

HITAaMMOB OB MPUMEPHO OJIMHAKOB.

Tabmuua 4.7 — Bmusaume JIIIC A. brasilense Sp7 Ha BBIXOI pereHepaHToB OT

9KCIUIAHTOB B KYJIBTypE COMATHYECKHUX TKaHeW JMHUK Msarkoi mimeHuns JIRht-B1c u

JIRht-Bla

BrIxop pereHepanToB
Bapuanr cpenpl I'enoTun % OoT MOp(hHOTEHHBIX
wT. | % OT DKCIUIAHTOB
KaJUIyCOB
KonTpouib JIRht-Blc 32 4,32+1,47 31,149,1
JIRht-Bla 14 1,79+0,93 18,2+8.8
JITIC A. bra- JIRht-Blc 14 7,00+3,56 53,9+20,1*
silense Sp7 JIRht-Bla 11 5,50+3,18* 45,8+421,0*

[Tpumeuanue — *”

pasnuuus foctoBepHsI ipu P = 0,05, mockonbky t >1 ¢ gs.
AnanornyHasi nipoBepka 3(h()EKTUBHOCTH BIUSHUS HA MOP(HOTEHE3 B KYJIbType
COMATHYECKUX TKaHeW mieHuIbpl Obuia nposenena s JINC mramma Azospirillum sp.
SR66. D¢ddexTrBHOCTH KaJTycOreHe3a BO BCEX BapHaHTax ombiTa cocTaisuia 100%
(Tabsmmma 4.8). B ommuun ot Bmustaus JIIIC A. baldaniorum Sp245 u A. brasilense
Sp7, nox BmusHuem JIIIC Azospirillum sp. SR66 cuHmkanacs BbIxoa MOP(OIreHHBIX

KaJUTyCOB, 4TO OBLIO 3a(hMKCHPOBAHO HA JOCTOBEpHOM ypoBHe y smauu JIRht-Blc. [Tpu
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9TOM  OOCTOBCPHBIC pa3iMiuuigd MCXKAY JIMHUAMMK 110 JaHHOMY  IIOKa3aTcClilio,

0OHapy>KEHHBIE B KOHTPOJIEHOM BapHaHTE, B OTIHITHOM BapUaHTE HUBEINPOBAIIHCH.

Ha srtame pereHepaiinu HaOJIIOAATOCh CYIIECTBEHHOE YBEIMUYEHHUE pEreHepaliu-
OHHOM CITOCOOHOCTH MOP(OTEHHBIX KALTYCOB Y KOPOTKOCTeOenbHOM mann (Tabnmima
4.9). Paznuuuii MeXIy JTMHUSIMHA B BApUAHTaX OIBITa HE OTMEYAJIOoCh.

Takum  oOpasom, JIIIC, BbIeNeHHBIE W3  pasHBIX  [ITAMMOB  POCT-
CTUMYJUpPYIOMKX OakTepuii poma Azospirillum, okaspBaroT pasnudHOe IEHCTBHE Ha
MopdoreHe3 ¥ pereHepanuio KyJlIbTypbl TKaHM MIICHUIBI, YTO MOXET OBITh
0O0yCIIOBJICHO KakK pa3HbIM crpoeHueM O- monucaxapuna [574], Tak W JIpyrHMH

ocobeHHOCTSIMU CTPYKTYpbl 3THX JITIC.

Tabmuna 4.8 — Bimsaue JITIC Azospirillum sp. SR66 Ha kamrycoreHe3 B KyJIbType

COMAaTUUYECKUX TKaHel auHui markoi muenursl JIRht-Blc and JIRht-Bla

Komuue- Brixop
Brixoa Mop¢oreHHBIX KaJTyCOB
CTBO KaJUTyCOB
Bapuant
['enotun JKC-
cpenbl
IUIAHTOB, | IIT. % mt. | % orakcmi. | % oT Kaul.
IIT.
Kontpons | JIRht-Blc 180 180 | 100 42 23,3+6,22 23,3+6,22
JIRht-Bla 200 200 | 100 25 | 12,5+4,61** | 12,5+4,61**
JIIC
o JIRht-Blc 200 200 | 100 22 11,0+4,36* | 11,0+4,36*
Azospiril-
lum sp.
SR66 JIRht-Bla 200 200 | 100 16 8,0+3,78 8,0+3,78

[Ipumeuanue — Pazmuuusa nocroBepusl npu P = 0,05, mockonbky t >t ggs5;. *”

CpaBHCHHC C KOHTPOJICM;

«kx»

CpaBHEHHME JIMHUNA MEXay cO0O0W B BApUAHTE OIBITA.
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Tabnuua 4.9 — Bmusaue JIIIC Azospirillum sp. SR66 Ha BbIXOJ pereHEpaHTOB OT

IKCIUIAHTOB B KYJIbType COMAaTHUECKUX TKaHel uHuiA Msarkoi mrenuisl JIRht-B1c and

JIRht-Bla

BrIxoz perenepanTos
BapuaHTt cpenbl I'enotun % oT 3kcmnan- | % oT MOp(OreHHbIX
- TOB KaJUIyCOB

KonTpoiib JIRht-Blc 28 15,6+5,33 66,7+14,69

JIRht-Bla 18 9,0+3,99 72,0+18,53
JIIIC JIRht-Blc 20 10,0+4,18 90,94+12,75*
Azospirillum sp. JIRht-Bla 12 6,0+3,31 75,0+£23,07
SR66

[Tpumeuanue — Paznmuuns moctoBepusl ipu P = 0,05, mockombky t > 1 gg5. ‘*”

CpaBHEHHE C KOHTPOJIEM.

B 2018-2019 rr. nis yTouHeHUs BIUSHHS TOJUCAXaPUAHON YaCTHU MOJIEKYJIbI
JITIC 6bu10 ipoBeneHo cpaBHeHue AeiicTBus npenapatos JIIIC, BeIIeT€HHBIX U3 KIETOK
tpéx mrammoB poma Azospirillim (A. brasilense SR55, SR75 u A. lipoferum SR65),
pa3IMyaloMXcs MO0 XUMHYECKOW CTPYKTYpe TMOBTOPSAIOMMXCS 3BeHbeB HuX O-
nosucaxapuaoB [575], a Takke MO CEPOJIOTMYSCKUM U (DU3HKO-XUMHUYCCKHM CBOM-
crBaM. J/laHHBIC IITAMMBI OTHOCATCSI K TpeM pa3HbIM ceporpymmam: A. brasilense SR75
(ceporpymma 1), A. brasilense SR55 (ceporpymma Il), u A. lipoferum SR65 (ceporpymmna
[11). Ix O-nonucaxapusibl UMEIOT Pa3IUYAOLIMECS XUMUYECKOE CTPOCHHUE MOBTOPSIO-
muxcst 3BeHbeB (Pucynok 4.14).

Bb16op mraMmoB OblT 00YCIIOBJIEH MPUCYTCTBUEM B MX O-TiosiMcaxapuiax TOJb-
KO N0 OJHOMY BapUaHTy MNOBTOpsOIIMXCSA 3BeHbeB (PucyHok 4.14), B orauume OT
OonpmmHCTBa mTamMmMoB Azospirillum spp., O-nonmucaxapubl KOTOPBIX UMEIOT TeTePO-
reHHbIil coctaB [575]. Onpenenenne coaepkanus yriieBogoB B npemapatax JIIIC, pas-
Mepa M J13eTa-MoTeHurana Mumen, Gopmupytomuxcsa uz moiekyn JIIIC B BoaHbIxX cpe-

JdaxX, BBIABWIO MHAWBHUAYAJIBHBIC XAPAKTCPHUCTUKHU KaXXJIO0I'0 M3 TpéX HCCIICA0OBAaHHBIX

JITIC (Ta6mnuma 4.10).
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a —2)-p-D-Rhap-(1—3)-a-D-Rhap-(1—3)-a-D-Rhap-(1—2)-a-D-Rhap-(1—2)-
a-D-Rhap-(1—

b —3)-p-L-Rhap-(1—4)-a-L-Rhap-(1—3)-a-D-Galp-(1—3)-p-L-Rhap-(1—4)-B-
L-Rhap30Me-(1—4)-a-L-Rhap-(1—3)-a-D-Galp-(1—> a-D-GlcpA-(12

¢ —2)-a-L-Rhap-(1—3)-a-L-Rhap-(1—3)-a-L-Rhap-(1— B-D-Glc -(1J3

Pucynok 4.14 — CTpyKTypbl IOBTOPSIFOIIMXCS €TMHUIL JIMTTOTIONNCAXapHUI0B, HCIIOIh3Y-
embIX mrTaMMoB: a — Azospirillum brasilense SR75 (ceporpymma |) — romomnonmcaxapug
nenra-D-pamuan [225]; b — A. brasilense SR55 (ceporpymmna 1) — retepoonurocaxa-
pU, coliepKaliuid OAuH ocTaToK L-akodpro3ssl, Ba octatka D-rajgakTossl, 4eThIpe
ocraTtka L-paMHO3bI 1 0JiuH ocTtaToK D-rimrokyponoBoii kuciaoter [573]; ¢ — A. lipoferum
SR65 (ceporpymma Il1) — rimoko-L-paMuan, cogep xainnii 0IuH 0CTaTOK D-IiIroK03bI 1

Tpu octaTka L-pamuo3sl [572]

Tabnuna 4.10 — ®usuko-xumuyeckue cBoiictBa mutiesut JITIC geTbipex mramMmmMoB

Azospirillum spp.

Jlunononucaxapuibl MaccoBas gomis HunameTtp J13era-
KapOOTuapaTos, MUILIEIJUT, HM MMOTEHII AT
% MuIeui, MB
JITIC A. brasilense SR75 64,9b 30,7b 20,5¢
JITIC A. brasilense SR55 37,2a 22,9a 22,0d
JITIC A. lipoferum SR65 35,0a 23,2a 17,5a
JITIC A. baldaniorum 80,3c 26,0ab 18,9b
Sp245

[Tpumeuanue — Paznuuus gocroBepusl npu P = 0,05, mockombky t >t gg5. “*”

CpaBHCHHC C KOHTPOJICM.
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JITIC mramma A. brasilense SR75 umeer yMepeHHOE CoepiKaHUE YIIICBOJIOB U
dbopmupyeT Mmunempl guamerpom 31 HM co cpemHuM n3era-moteHiaiom. JIIIC
mrrammoB A. brasilense SR55 u A. lipoferum SR65 nMeroT HHU3KYI0 MacCOBYIO JIOJIIO
YIJIEBOJIOB U UX MHIIEIUIBI B BOJAHOM cpenie Oojiee MENKHe, HO A3€Ta-MOTeHIINAIbl MU-
LEJUT CYIMIECTBEHHO pasnuvaroTcs. [loBepxHocTHbIl 3apsa munes JITIC A. brasilense
SR55 Hanbosnee oTpUIIaTENBHBIN, YTO CBS3aHO C MPUCYTCTBHEM OCTAaTKOB TJIFOKYPOHO-
Boi kucioTel B O-nosmcaxapune. Munermisl JITIC mramma A. lipoferum SR65, Hao60-
pOT, UMEIOT HAaMMEHEE OTPUIATEIBHBIN 3€Ta-MIOTEHIUA.

OkcmianTel mmeHuIpl Tuaui JIRht-Blc u JIRht-Bla kynsTuBHpoBamu Ha cpee,
conepxkarieit JITIC 6akrepuit Azospirillum spp. B konmentparwu 10 mr/i, mis Gpopmu-
pOBaHUs KaJUTyCOB U B KOHTpoJibHOM Bapuante 0e3 JIIIC. Ha 30-b1i1 1eHb KyTbTUBUPO-
BaHWE OBLIO MOJCYUTAHO, KaKas JOJS HKCIUIAHTOB COopMUpOBaia KaJTyChl, U B KaKOM
JIOJIA KaJUTyCOB OBUIM BBISIBJICHBI MpU3HAKU JU(depeHInauu MEepUCcTeMaTHYeCKOon
TKaHu (MopdoreHesa). BoIsBIEHO TOCTOBEPHOE MOBBIIMICHUE BBIXOJAa KAJUTyCOB U3 DKC-
TUIaHTOB 00enX JimHui menuisl npu aevicteuu JITIC mrammoB A. brasilense SR55 u
A. lipoferum SR65 (Tabnuma 4.11) OTHOCHTEIHHO COOTBETCTBYIOIIMX KOHTPOJBHBIX

BapuanToB (kaurycel auaud JIRht-Blc u JIRht-Bla nonydens 6e3 Bo3aeticteus JITIC).

Tabnuna 4.11 — Bausaue JITIC A. brasilense SR75, SR55, A. lipoferum SR65 na 00-

LU BBIXOJI KAJUIYCOB B KYJIbTYPE COMATUYECKUX TKAHEN MIIECHULIBI

Ienorum LRht-Blc LRht-Bla
Bapuant KonnuectBo Brixon KonnuectBo Brixon
OKCIUTAHTOB, | KaJUTyCOB,% | DKCIUIAHTOB, | KaJlIycoB,%
IIT. IIT.
Kontponn 1025 98,4+0,76 1022 97,7+0,93
JITIC A. brasilense 200 99,5+0,98 200 99,0+1,39
SR75
JITIC A. brasilense 153 100* 171 100*
SR55
JITIC A. lipoferum 345 100* 351 99,7+0,56*
SR65

[Tpumeuanune — Paznumuus mpocroBepusl pu P = 0,05, mockonbky t >t gps. “*”

CpPaBHCHHUC C KOHTPOJICM.
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JlocToBepHbIX pasnuunii Mmexxay renotunamu JIRht-B1lc u JIRht-Bla B mapax Ba-

puaHTOB He BhIsBIIeHO (PrcyHok 4.15, 4,16).

30
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0

JIRhtBlc JIRhtB1a

Pucynox 4.15 — Beixoa mopdorennsix kamtycos auauii JIRht-B1c u JIRht-Bla npu
KyJIbTUBHPOBaHUM Ha cpene, conaeprkarniei JITIC mrammoB A. brasilense SR75, A.
brasilense SR55, and A. lipoferum SR65 (2018-2019 rr.). Paziuuus Mexay KOH-

TpoJibHbIMU BapuaHTamu (6e3 Bo3aericTBus JIIIC) nByx reHOTUMOB KaJLUTyCOB MIIICHU-
1161 toctoBepusl ipu P= 0,05; t = 1,98 > 10,05 = 1,97. 3Be3noukamMmu 0003HAYCHBI

CYILIECTBEHHBIC Pa3Iu4Msl MEXIy KaJuTycaMu, nostydeHHbIMH Ha cpefe ¢ JITIC, u kon-

tpostem: * — mpu P = 0,05; ** — mpu P = 0,01; *** — mpu P = 0,001

Brixon MopdorenHsix KamtycoB mnoBblmaics B npucyrctBuu JIIC mrammor A.
brasilense SR55 u A. lipoferum SR65 B 1,7- u 1,6 pa3, coorBercTBeHHO, 111 JIRht-B1lc
u B 2,4 u 2,0 paza, coorBerctBenHo, s JIRht-Bla. [Tpu Kyn1bTHBUpOBAaHHH SKCILIAH-
TOB Ha cpene, coaepxariiei JITIC A. brasilense SR75, BeIxo1 KaTyCOB U BBIXOJ MOP-
(dboreHHbIX KautycoB He oTinyanuck (mpu P = 0.05) oT KOHTPOJIbHBIX BApUAHTOB 00EUX
JIMHUU OIICHULIBL.

[Tocne mepeHoca Mop(oreHHbIX KalycoB Ha cpeny Jluncmariepa-Ckyra njis pe-
re"epanuu, He cogepxariyo JIIIC, nabmonany 10CTOBEpHOE MOBBIIIEHUE BBIXOJA pac-
TeHUI-perenepaHToB HuzkoMmopdorenno nuuuu JIRht-Bla B 2,6 paza B Bapuanre c
ucnojp30BanueM B unuiransuoi cpeae JIIC A. brasilense SR75 u B 1,8 pa3a B Bapu-

ante ¢ ucnoirzoBanuem JIIIC A. lipoferum SR65 (Tabmuma 4.12).
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Pucynok 4.16 — Mopdorennsie kamtycsl auauii JIRht-Blc (1) u JIRht-Bla (2) npu

KyJIbTUBHPOBAHUH B KOHTpOJIC (a) U Ha cpene, coaepikarieii JITIC mrammor A. bra-

silense SR75 (0), A. brasilense SR55 (B) u A. lipoferum SR65 (1)

JITIC A. brasilense SR55 He oka3bIBasl JOCTOBEPHOIO JCHCTBUS HA pEreHepaIiuio
n3 Mopdorennbix kamaycoB JuHuM JIRht-Bla. Beixon pacteHuii-pereHepaHToOB U3
MOpGOreHHBIX KaJUTyCOB JHHHUK Oosiee BbicOKoMopdorennow nuauu JIRht-Blc uu B
0JIHOM U3 BapuaHTtoB 00paboTku JIIIC noctoBepHO HE U3MEHSICS OTHOCUTENHLHO KOH-

TPOJBHOTO BapHaHTA.
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Tabmuna 4.12 — Biusuue JITIC mrrammoB A. brasilense SR75, SR55, A. lipoferum SR65

Ha BBIXOJ PECTCHCPAHTOB M3 MOp(l)OFeHHBIX KaJlJIyCOB B KYJIbTYPC COMAaTUYCCKHX TKaHEH

MIIECHULBI
I'erotumn LRht-Blc LRht-Bla
Bapuant KosmuectBo Beixon pere- | KosmuectBo | Beixon pere-
MOP(OreHHBIX HEPaHTOB,% | MOP(OreHHbIX | HEPAHTOB,%
KQJUTyCOB, IIT. KQJUTyCOB, IIIT.
KonTpoiib 126 30,2+8,09 97 16,5+7,48
JIIC A. 19 26,3+21,14 21 42,9+22,46
brasilense SR75
JIIC A. 33 30,3£16,28* 40 20,0+12,78
brasilense SR55
JIIC A. 67 41,8+12,03* 69 30,4+11,05
lipoferum SR65

ITpumeuanune — Pazmmums mocroBepusl pu P = 0,05, mockonbky t >t gps. “*”

CpaBHCHHC C KOHTPOJICM.

Takum oOpa3om, 0 CyMMe TIPOBEICHHBIX MCCIIEIOBAHUN ObLIO BBISIBJICHO JIOCTO-
BEpPHOE TIOBBIIIIEHNE BBIX0JIa PACTCHUI-PEreHEePaHTOB U3 MOTYYCHHBIX HA IIEPBOM dTaIle
kayutycoB simauit JIRht-B1c u JIRht-Bla npu neiicteum JITIC A. lipoferum SR65 B 2,15-
u 3,75 paza (P = 0,05) oTHOCUTENEHO KOHTPOJBHBIX BApUAHTOB, COOTBETCTBEHHO (Ta0-
nuna 4.13).

[MonoxutensHoe aerictue JIIIC mrammor A. brasilense SR55 u SR75 na urtoro-
BBIN BBIXOJI paCTEHUH-PETCHEPAHTOB M3 KaJTyCOB OBLJIO OOHAPYXEH TOJBKO IO OTHO-
HmeHuio K HuskomopdorenHon auauu JIRht-Bla (P = 0,1). IIpu sTom, ciemyer oTMme-
TUTb, YTO UTOTOBBIE BBIXO/IbI pacTeHUN-perenepanToB auHuM JIRht-Bla s Bcex Bapu-
antoB ¢ JIIIC nmocToBepHO HE OTIMYAIUCH OT COOTBETCTBYIOIIMX BapUAHTOB M KOH-

tposs muann JIRht-B1c. B omimune ot koHTponsHOTO Bapuanta auauu JIRht-Bla, mns
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KOTOPOTO BBIXOJ pereHepanToB ObuI B 2,4 pa3za Huxe (P = 0.01), uem 1151 KOHTPOJIBHO-

ro BapuanTta auHun JIRht-Blc.

Tao6muna 4.13 — Bausuue JITIC mrammoB A. brasilense SR75, SR55, A. lipoferum SR65
Ha BBIXOJI PETEHEPAHTOB OT OOIIET0 KOJIMYSCTBA IKCIUIAHTOB B KYJIbTYPE COMAaTHUECKUX

TKaHEU INIMICHUIIBI

['eroTum LRht-Blc LRht-Bla
Bapuant KomnuectBo | Beixon pere- | KommuectBo | Beixon pere-
DKCIUIAHTOB, | HEPaHTOB,% | SKCIUIAHTOB, | HEPAHTOB,%
IIT. IIT.
Kontpoin 1009 3,77+1,18 97 1,60+0,78
JITIC A. brasilense 199 2,51+2,19 21 4,55+2,92*
SR75
JITIC A. brasilense 153 6,54+3,95 40 4,68+3,19*
SR55
JITIC A. lipoferum 345 8,12+2,89* 69 1,60+0,78*
SR65

[Tpumeuanune — Pazmmuus mocroBepusl pu P = 0,05, mockonbky t >t gps. “*”

CpaBHCHHC C KOHTPOJICM.

AHanu3z MOp(QOMETPUYECKUX MApaMETPOB PACTEHUN-PETCHEPAHTOB HE IMOKAa3al
cymectBeHHoro Bimsaus JITIC Ha KonmdecTBO M0OETroB, 00pa30BaBIINXCS HA KAJLTyCax,
KOJINYECTBO JINCThEB y TOOeroB miu maccy mooeros (Tabmuia 4.14). JloctoBepHOE
BIIUSIHAE OOHApPYXKEHO TOJBKO Ha CHWXEHHUE AWHBI 1moOeroB B BapuwaHtax ¢ JIIIC mo
cpaBHeHHIO ¢ KoHTposieM. [Ipu aTom B BapuanTax ¢ JITIC A. brasilense SR55 u JITIC A.
lipoferum SR65 Habmroaanock pasnuyre B JUIMHE TOOCTOB Y BHICOKOPOCIIOH U KOPOTKO-

cTeOEIbHON JIMHUH.



Tabmuua 4.14 — Bausuue JITIC mrammos A. brasilense SR75, SR55, A. lipoferum SR65 Ha Mopdostornueckue napameTpsl

pacTEeHUN-PETCHEPAHTOB

KomnuectBo moOeron

JlnuHa mobera, cM

KonunyecTBO THCTHEB,

Cyxas macca nobera ¢

Ha KaJl1yCce, IiT. IT. KOpHsIMHU, MI'
Bapuanr cpe-
i ['enoTun
o BapH- B cpeseM | Bapi- B cpeseM | Bapi- B cpeseM | Bapi- B CpeHEM
o gakropy 1o gakTopy o gakTopy 1o gakTopy
aHTaM aHTaM aHTaM aHTaM
B B B B
JIRht-Blc 3,00 14,50cd 4,30 168,83
KonTpoib 2,50 15,25b 3,98 162,82
JIRht-Bla | 2,00 16,00de 3,67 156,80
JIRht-Blc 1,17 13,00bc 6,23 133,13
LC A 2,00 13,752 4,99 144,43
JIRht-Bla | 2,83 14,50cd 3,75 155,73
JIRht-Blc 1,43 9,43a 5,17 128,57
JHICA D 1,55 13,22a 4,58 131,58
JIRht-Bla 1,67 17,00e 4,00 134,60
JITIC A. JIRht-Blc 1,67 12,20b 6,83 135,87
lipoferum 1,75 13,35a 5,40 138,27
SR65 JIRht-Bla 1,83 14,50cd 3,97 140,67
JIRht-Blc 1,82 12,28a 5,63b 141,60
B CPEIHEM 10
baxTopy A | ypptB1a 2,08 15,500 3,85a 146,95

Ge1



[Tponomxenue Tadnuubl 4.14

Fopaxr. 1,145 15,140* 1,982 1,113
HCPq s - 1,83 - -
Foacr. A 0,388 56,598* 1,624 0,310

HCPo05 A - 0,92 - -
Fpacr. B 0,918 4,766* 7,076* 1,952

HCPqos B - 1,30 1,44 -
Fpacr. AB 1,625 11,695* 0,809 0,542

HCPo0s AB i 1,83 i i

[Ipumeuanne — “*” pasnuuusg goctoBepHbl npu P = 0,05, mockonbky Fypuwn = Freop.; BApUaHTBI, COIIPOBOXKIAaEMBIEC OMHA-
iz D

KOBBIMU JIATUHCKUMHU OyKBaMU, pa3jIMuarOTCs HE3HAUYUMO Mo kputTepuio JlyHkaHa; ¢aktop A — reHotur; ¢aktop B — Bapuant

Cpepl.

9¢T
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Beibop nns aHanM3a JTUNONONMCAXapUOB, paslUYaroluecs M0 (QHU3UKO-
XUMHYECKUM U CEPOJIOTUYECKUM CBOICTBaM, 00YCIIOBJICH MPOTPECCOM B MCCIETOBAHUU
O-anTureHoB Oakrtepuii pona Azospirillum, mocTurayThIM B mOCHeqHHE ABa JECATHIIC-
tusi [225]. Pe3ynbraThl SKCIIEpUMEHTOB ¢ Kaurycamu miieHuisl ouanid JIRht-Bla u
JIRht-B1c moarBepauau nonoxurenbHoe aeiictBue JIIIC Gakrepuii poga Azospirillum
Ha MOpQOreHe3 MIIECHUIIBI, T000HO onrcaHnHOMY panee s JITIC mramma A. baldani-
orum Sp245. Haubonpiias akTUBHOCTH ObuTa mokasana ans JIIIC, uzonupoBanHoro u3
kietok A. lipoferum SR65 (ceporpymma I1). Munemist atoro JITIC B Boxe umenu nua-
MeTp 23 HM U citabbiid n3era-norennuan. 1ot JITIC, momoono JITIC u3 A. baldaniorum
Sp245 (cepotum 1), ctumyaupoBaia MOpgoreHe3 Ha BCeX dTamax KyJbTyphl in Vitro. B To
ke Bpems, JITIC mramma A. brasilense SR75, umeronuii HIEHTHYHOE 110 CTPYKTYpE C
JITIC mrramma A. baldaniorum Sp245 nosropsromieecs 3BeHo O-monucaxapuaa [225],
MOBBIIIAT TOJIBKO MOKa3aTelb BbIXOAA PACTCHUM-PEreHEPAHTOB U3 MOP(OreHHBIX Kall-
aycoB y nmuaun JIRht-Bla, HO HE OTHOCUTENBHO KOHTPOJIBHBIX BAPUAHTOB.

CymectBennble pasnuuus B aeiictum JITIC mrammoB A. brasilense SR75 u A.
baldaniorum Sp245 1mo OTHOLICHHWIO K Ka/UTycaM MIICHHIIbI SBJISIOTCS TAXKEIO 00bsC-
HuMmbIMU. Tak, JIIIC 3Tux mraMMOB UMEIOT UACHTUYHBIE IO XUMHUYECKOMY CTPOCHUIO
O-nonmucaxapunsl [225] u HeOobIIME pa3Inyusi MACCOBOH J0JI€ YIIIEBOIOB WM (PHU3H-
Ko-xuMHu4eckux xapakrepuctukax wmwmiein (Tabmuna 4.10). Tem ne wmenee, JIIIC
mramma A. baldaniorum Sp245 oka3piBai CymeCTBEHHOE MOJIOKUTEIBHOS BIMSHUE Ha
MopdoreHe3 o0enx JUHUHN MIIEHUIH (Kak oKa3aHo Bhie), B oriaunune ot JIIIC mram-
ma A. brasilense SR75. Dto pasnuune MOXeT OBITh CBS3aHO ¢ MHOTO(AKTOPHOCTHIO
B3aumozenicteus Moiekyl JIIIC ¢ knetkamu kamtyca. CoBOKymHOCTb 3 ()EKTOB OT He-
OONBIINX Pa3IUYMil B pa3Mepe, MOBEPXHOCTHOM 3apsJie MULICIUT U IPYTUX HEU3BECTHBIX
(bakTOpOB MOXKET OBITh BXKHBIM (DAKTOPOM MpHU (POPMUPOBAHUU MOP(HOTEHHBIX IEH-
TpoB B Aeau(dhepeHIIMPOBAHHON PACTUTEIBHONW TKaHHU. Taxke He CleqyeT MCKII0YaTh
cnenuUIHOCTh TCUCTBUS JIMMHUIOB A U KOPOBBIX OJIMTOCAXapUAOB. DTH YaCTU MOJIe-
kyn JIIIC sBustoTcs BbICOKO KOHcepBaTHUBHBIMU [183, 627], mosToMy MX BIIMSHHE HE
OBLJIO yYTEHO B JlaHHOUM paboTte. [Ipu 3TOM HE MCKITIOUEHBI Pa3Inyusi B CTPYKType -

nmuaa A unu KOpa, ABJIIOIMIMECS Ba’XHBIMU JJIA BSaHMOHCﬁCTBHH C paCTHUTCIbHBIMU
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KJIETKaMH, y OaKTepHalbHbIX TaMMOB ofHoro Buaa [183, 515]. B padote Desaki ¢ co-
aBTopamu [474] ObUIO TMOKa3aHO ydvacTue JumuAa A (QUTONATOreHHOW OakTepuu
Xanthomonas oryzae pv. Oryzae B akTUBAIlMK OTBETHBIX PEaKIUil TOCPEICTBOM CIICIIHU-
¢uyeckoro B3aMMOJCHCTBUS € MHOTOQYHKIIMOHAJIBLHOW KHHA30H KO-perenTopa
OsCERKI1 B cycnieH3HOHHOM KyJIbType KIeTOK puca. Cieayer npearnoioxkuTh, 4To Cy-
HIECTBYIOT U JIPYTUE PACTUTENbHBIE PEIENTOPHI, 3allyCKAIOIINE pa3Hble OMOXHMMHYeE-
ckue u (pusnonorndeckue orBeThl pacrenuid Ha JIIIC. B menoM, Mexanu3M IeUCTBUSA
oaxtepuanbbix JIIIC Ha pacTeHUs 0CcTaETCs 10 CUX MOP MAJIOU3yUYEHHBIM.

[Mpenapar JIIIC mramma A. brasilense SR55 (d = 23 HM, BBICOKHI OTPHIIATEb-
HBIN 13eTa-moTeHnual, ceporpymnmna Il) okaseBan cymecrsennoe (B 2,5 pasza; P = 0,01)
MOJIOKUTENBHOE JAEHCTBHE OTHOCUTEIBHO KOHTPOJIBHBIX BapUaHTOB Ha BBIXOJ MOp(o-
TeHHBIX KaJUTyCOB [JIsl OOEMX JIMHWW TMIIEHWII, HO HE Ha BBIXOJA PACTEHHUM-
pEreHepaHToB U3 MOPO(OTeHHBIX KaIycoB. TeM He MeHee, IS KalyCOB HU3KOIM-
opuorenno#t nuuuu JIRht-Bla, kyneruBupoBanubix Ha cpeae ¢ JIIIC A. brasilense
SRS55, 3a cuér 3HauMTENbHOW aKkTMBAIMKU MOpQoreHe3a Ha cTaguu (HOPMUPOBAHUS
MOP(OTeHHBIX KaJUIyCOB, B LI€JIOM (OT 3KCIUIAHTOB JI0 PET€HEPAHTOB) SKCIIEPUMEH-
TAJILHO HAO0JI0JAJTOCH MTOBBIIICHUE BBIXO/A PacTeHUI-pereHepanToB B 2,9 pasza (P = 0,1)
OTHOCUTEJIBHO KOHTPOJIbHOW Tpynnbl. TakuM 00pa3oM, COOTHECEHUE BBISBICHHBIX (-
¢dextoB Tpéx wuccaenoBanHbix JIIIC Oakrepuit poma Azospirillum ¢ ux ¢wusuko-
XUMHUYECKUMH U CEPOJIOTHYECKUMU CBOMCTBAMU MO3BOJIMIO BBISIBUTH CIA0YIO 3aBUCH-
MOCTb MEXIY MOBBIIICHUEM MOP(POTeHHOW aKTUBHOCTH KAJUTyCOB M HU3KUM 3HaYCHUEM
n3era-noreHuana muiesmt JIIIC B BonHoM cpene. BeposiTHO, yCTaHOBIEHHOE CTUMY-
mupytoiee BiausiHue JIIIC nmo oTHOIIEHHIO K KajlycaM MILIEHULIBI CBSI3aHO HE TOJIBKO C
O0COOCHHOCTSIMH XMMHUYECKON CTPYKTYpPbI MOBTOpAOIIErocs 38eHa O-mojaucaxapuioB U
pazMepom o0pazyeMbIX MUILICIL.

B 2020 r. 611 mpoBeieH 3KCepuMeHT 1o u3yuenuto Biausaus JITIC A. lipoferum
SR65 na pasubie 3Tanbl MOopdoreHesa cOMaTUYECKUX TKaHEW mieHullbl. Ha mepBom
JTane Kajmrycorenesa u (OpMUPOBAHMS MEPUCTEMATUYECKUX OYaroB B KaJTycaxX CpaB-
HUBAJIMCh BAPUAHTHI KyJIbTUBUPOBAHUS SKCIUIAHTOB JIBYX JIMHHUI Ha MUTATEIbHOM cpesie

¢ JITIC A. lipoferum SR65 u xountpoasHOU cpeae 0e3 modasnenus JIIIC. Dddexrus-
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HOCTh KaJUTyCOT€He3a, KaK U B MPEAbIAYIINX dKCIIEpUMEHTax, Oblia omska k 100% 6e3
CYILIECTBEHHBIX PAa3Iu4uil Mexay Bapuantamu onbita (Tabnuima 4.15). Tlo konuuecTBy
MOP(OTEeHHBIX KaJUTyCOB B JAHHOM SKCIIEPUMEHTE HA0JII01alIOCh JOCTOBEPHOE MPEBOC-
xonctBo Jmann JIRht-B1c Ham HU3KOpOCTBIM CHOOM B KOHTPOJIHLHOM BapHUaHTE OIIBITA.
Ha cpene c JIIIC B naHHOM SKCIIEpUMEHTE HE HaOII0JaI0Ch YBETUYSHUST MOP(POreHHOM
aKTUBHOCTHU KaJJTyCOB 00€UX JIMHUM.

Ha BTOpoM 3Tane MopdoreHHbie Kaarychl, HOJy4YeHHbIE B KOHTPOJIE M Ha CPEIE C
JITIC A. lipoferum SR65, nanee ObutH NepeHECCHBI Ha JBa BapuaHTa MHUTATEIILHOW cpe-
nbl JInncemaiiepa-Ckyra i perenepauuu: KoHTpolib 0e3 JIIIC u onbITHBINA BapuaHT C
JITIC A. lipoferum SR65. B BapuanTe ¢ mo0aBieHueM B nutareiabHyto cpeay JIIIC Ha
00omX 3Tarnax HaOJII0IAIOCh YBEJIMUEHNE KOJTUYECTBA PACTCHUM-PEreHEPAHTOB, IPUYEM
y HuszkomopgorenHoi nuHuu JIRht-Bla perenepanyonnas cnocoOHOCTh yBeJIWYMBa-
jJack Ha jaoctoBepHoM ypoBHe (Tabmmma 4.16). B ocranpHbIX BapuaHTax pa3idyus

MCIKAY BbIXOAOM PCTCHCPAHTOB ObLIH HCCYHICCTBCHHBIC.

Tabnuna 4.15 — Baustaue JITIC A. lipoferum SR65 na mopdorenes B kautycax

MIIEHALBI
Bapuanr | I'enotun | Komumue- | Boixon kamnycoB, | Beixon MmopdoreHHbIX Kall-
cpensl CTBO JIyCOB,
JKCIUIAH- | IIIT. % IIT. % ot % ot
TOB, IIT. JKCILI. KaJLJI.
Kontpous | JIRht-Blc 356 355 | 99,7#0,55 | 90 | 25,3+4,5 | 25,4+4,5
JIRht-B1b 400 398 | 99,5+0,69 | 73 | 18,3+3,8* | 18,3+3,9
JIIC A. JIRht-Blc 400 394 | 98,5+1,19 | 93 | 23,3+4,2 | 23,6+4,2
lipoferum | JIRht-B1lb 400 400 | 100,0+0 | 82 | 20,5+4,0 | 20,5+4,0
SR65

[Tpumeuanue — Paznmuuus mocroepasl npu P = 0,05, mockombky t >t ¢ ps.

CpaBHCHHC C KOHTPOJICM.
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Tabnuna 4.16 — Baustaue JITIC A. lipoferum SR65 Ha perenepaiinto pacteHuit

M3 KaJUIYCOB INIICHUIIBI

BapuanTt cpensl ['enoTun Brixon perenepaHTos,
WHIYKIHOHHAS | PEreHepalu- mT. | % oT Mmopdoren- % ot
OHHas HBIX KaJUIyCOB KaJUTyCOB
Kontpoan Kontpoin JIRht-Blc 20 54,1+16,6 13,7£5.6
JIRht-Bla 17 50,0+17,5 9,19+4,2
JITIC A. lipofer- | koHTpOJH JIRht-Blc 27 65,8+15,0 15,5£5.4
um SR65 JIRht-Bla | 26 57,8+14,8 11,8+4,3
KoHTpoib JITIC A. JIRht-Blc 28 52,8+13,8 13,4+4,7
lipoferum JIRht-Bla | 26 66,7+15,3 12,244 .4
SR65

JITIC A. lipofer- | JITIC A. JIRht-Blc 36 69,2+12,9 16,4+4.9

um SR65 lipoferum
SRS JIRht-Bla | 32 86,5+11,4* 17,8+7,4*

[Tpumeuanue — Paznmumns moctoBepusl pu P = 0,05, mockombky t > 1 gg5. ‘*”

CpaBHCHHC C KOHTPOJICM.

AHanu3z Mop(OMeTpHUYEeCKHuX TapaMeTpOB pPACTEHUN-PETCHEPAHTOB IMOKa3al
(Tabmuma 4.17), 4TO KOIMYECTBO PACTCHUI-PETCHEPAHTOB Ha KaJTycax He pa3invajioch
10 BapuaHTaM ONbITa. Bo Bcex BapWaHTax OMbITa HAOJIOIATUCH JOCTOBEPHBIC pa3iiv-
YUsl MKy JIMHUSMH TIO JUIMHE MO0ETOoB (Y KOPOTKOCTEOETHHOM JIMHUK TOOETH OBLITN
oxkumaemo kopode). B npucyrcreuu JIIIC xo1st 661 HA OJTHOM dTarne KyJIbTHUBUPOBAHUS
y PacCTCHHI pereHepaHTOB 00CHX JTUHUHN YBEINYMBAIOCH KOJIMYECTBO JUCTHEB HA TI00E-
rax. B cpemnem no BapmanTtam ombita (paktop B) mocToBepHOE yBeTMUECHHE KOIHYE-
CTBa JIMCTHEB OTMEYAJIOCh B BapHUAHTE C KALTYCOTCHE30M B KOHTPOJIBHBIX YCIOBUSAX U
perenepanueii B npucyrcteumn JIIIC A. lipoferum SR65. AnamornyHo yBeauduBaiach

Mmacca nmooeroB B Bapuante «Kontpoms / JITIC A. lipoferum SR65.



Tabnuna 4.17 — Baustaue JITIC mramma A. brasilense SR65 Ha mopdoornueckue napaMeTpbl pacTeHUH-pEreHepaHTOB

BapuaHTt cpenpl

KomnaecTBO moOeros,

JlnuHa mobera, cMm

KonnyecTBO THCTHEB,

Cyxas macca no0era ¢

IIT. IIIT. KOpH?IMI/I, MTI
VH- pere- |
I[YK- Hepa- croTIn 110 BapuaH- B CPCAHEM 10 BapuaH- B CpEAHCM 110 Bapu- B CPEAHEM 110 10 BapuaH- B CPCAHCM
1o dakTopy 1o ¢akTo- 1o dakTopy
[IMOH- | [UOH- Tam B TaMm py B aHTaM dakropy B TaMm B
Has Has
Kon- | Kon- | ippt-B1c | 2,40 13,27a 4,56¢ 162,40abcd
TpPOJIb | TPOJIb 2,17 14,88 4,43a 158,48a
JIRht-Bla 1,93 16,50bcde 4,29c¢ 154,57ab
JHIC | xoB- | pontBlc| 2,53 11,13a 5, 44¢ 156,53abc
A. TPOJIb
lipofer 2,73 14,00 4,38a 158,20a
um JIRht-Bla 2,93 16,87cde 3,32a 159,87abcd
SR65
Kon- | JIIC | poneBic| 2,15 10,48a 6,21f 174,37cd
Tposib | A.
lipofer 2,47 14,09 5,17b 174,88b
um JIRht-Bla 2,80 17,70de 4,12bc 175,40d
SR65
XHC QHC JRht-Blc | 3,33 11,53 5,40de 170,77bed
lipofer | lipofer 2,93 14,83 4,41a 158,95a
um um JIRht-Bla 2,53 18,13e 3,42ab 147,13a
SR65 | SR65

T



[Tponomxkenue Tadauib 4.17

JIRht-Blc 2,60 11,60a 5,400 166,02
B CPCAHCM I10
paxTopy A | 1ppt.B1a 255 17,30b 3,79 159,24
Fpuer 1464 13,506* 18,510 3,397
FICPos : 263 0,72 16,66
Foua, A 0,044 86,611 92,730 3,045
HCPogs A i 131 0,36 :
Fouer, B 1,634 0,594 5,175 4,433
FICPoos B i - 0,51 11,78
Foue, AB 1767 2,049 7.106* 2.479
FICPoos AB : : 0.72 :

[Tpumeuanue — “*” paznuuus gocroBepHbl pu P = 0,05, nockonbky Fpum = Freop.; BApHAHTBI, COMPOBOXKIAEMbIE OJMHA-

KOBBIMU JIATUHCKUMH OyKBaMmu, pa3iMyarOTCcs HE3HaUYuMo 1o Kputepuro JlyHkaHna; paktop A — reHorur; ¢akrop B — Bapuant

Cpepl.

vt



143

Jlns uzydenus xapakrepa Bosneiicteus JIIIC A. lipoferum SR65 kamtychl muHun
JIRht-Blc, nony4yeHHbIe B KOHTPOJBHBIX YCIOBHUAX, MOMEIIATH B KHJIKYIO TMUTATEIb-
HYI0 cpeny, coaepxkaityto 10 mr/in JIIIC. Meronom nMMyHO(epMEHTHOTO aHanu3a Obl-
70 ycraHoBiieHO (Pucynok 4.17), uro HavanpHas xoHueHTpauus JIIIC B cpene pesko
nagaet B1,5-2 pasa nociie moMeleHus B Hee KaurycoB. [lanee B TeueHnn 3 4acoB KOH-
LEHTpaLMs IPaKTUYECKH HE MEHSETCS, a Mocie 6 4acoB KyJbTUBHPOBAHUS MMANaeT 110

HIDKHEW OIPEEIUMON TPAHMIIBL.

w2019 2020 cpenHee

0.4
0.3
0.2
I
0.1 I
0 [
0 3 6 24 48

LPS in MS

OnTHTecKas MIOTHOCTE PH 492 HM

Bpewms, u

Pucynok 4.17 — Jlunamuka n3menenus konnenrpamuu JITIC A. lipoferum SR65
B cpefie KynbTuBupoBaHus kaynryca JIRht-Blc no nanasiM uMMyHO(EpMEHTHOTO

aHaJin3a

BeposiTHo, nmunononucaxapuabl B 3HAUUTEILHOM KOJMYECTBE aICOPOUPYIOTCS Ha
MOBEPXHOCTH KJIETOK, YTO MPUBOJMUT K CHIYKEHUIO X KOHIEHTPAIMU B CpEJie, a 3aTeEM B
TEUEHHUU 3 4acOB MIPOHUKAIOT B O0sIee rTyOOKHe CIION KaJTyCHOM TKaHu. Yepes 6 yacos
MPOMCXOAUT HacklmeHue Tkaneut JITIC.

[Ipu »Tom, ananu3 nepokcuaassl (Pucynok 4.18) mokaszan 3HauMTeNIbHOE Hapac-
TaHUE €€ aKTUBHOCTH B HaIpaBiieHUU oOpaTtHOM mnajeHuto koHueHtpauu JIIIC B cpe-
7e. YBeIM4eHrne akTUBHOCTH MEPOKCHUIA3bl, OTMEYaeMoe 10 48 4acoB, TOBOPUT 00 ak-

TUBUPOBAHUHU OTBCTHBIX peaKIII/IfI, HMHHUIMHUPOBAHHBIX JTUIIOIIOJIMCAXApPUIOM.
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9000 b
KOHTPOIh
= JITIC (SR65)

JInneiinas (koHTpONIL)
Jhimeitnas (JINC (SR65)) a
6000 - 1
b
a .
I
3000 - .
0 jia
3 6 24 48

Pucynok 4.18 — JlunaMrka u3MeHEHUS MTEPOKCHUIa3HON aKTUBHOCTHU B CPEJIE

KonuenTpauus nepokcnaasst (Hr/rpamMum Kasyca)

KyJlbTUBUpOBaHUs kautyca JIRht-Blc

Hanee Obuio uccinenoBano BiausiHue JIIIC Tpex BUAOB pu3o0aKkTepuid, OTHOCH-
IIMXCS K ApyruM TakcoHommuueckuM BuaaMm: Ensifer adhaerens T1Ksl14, Ochrobactrum
quorumnocens T1Kr02 u Pseudomonas chlororaphis K3, taxxe B konnenrpamuu 10
MKT/MJI B COCTaBE€ MHIYKIITMOHHOMN MUTATEIILHON CPEIbI.

AHanu3 pe3ysbTaToB MOJCYETA KOJUYECTBA KAJUTyCOB IMOKA3all, UTO Mpenaparsl
JIIC Tpéx puzochepHbIX IITAMMOB IO-Pa3HOMY ACHCTBOBAIM HA KYJIbTYpy TKaHEH
niennnsl (Tabnuma 4.18).

BbIX0/1 KauTyCOB M3 AKCIUIAHTOB, MOJTYYEHHBIX U3 HE3PEIbIX 3apObIIIeH, 10CTO-
BepHO yBenmuuBaics Ha 2,5% mpu nericteun JITIC mramma O. quorumnocens T1Kr02
u ymenbIancs Ha 4% B Bapuante ¢ JIIIC P. chlororaphis K3. B to Bpemst kak JITIC E.
adhaerens T1Ks14 mocToBepHOro BIMSHUE HAa KAJLTyCOreHe3 He okasbiBal. [Ipu 3ToM
CJIElyET OTMETHUTh, YTO 3HAYEHUS BBIXO/1a KAJUIyCOB U3 HKCIUIAHTOB BO BCEX BAPUAHTAX
ObLJI0 BBICOKUM — O01ee 90 %o.

Boixon MopdoreHHbIx KautycoB yBennuuBaics npu aeiictBuu JIIIC mrammos E.
adhaerens T1Ks14 (+ 57%) u P. chlororaphis K3 (+41%). IIpu 3TOM, 3Ha4eHUs BBIXO-
noB jst JITIC oboux mrTaMMoB ObUIM COMOCTAaBUMBI CO 3HAYEHUSMH, KOTOpBIE paHee
ObLIM omucanbl 1 HamOosee akTuBHBIX JIIIC mmrrammor Azospirillum baldaniorum

Sp245 u Azospirillum lipoferum SR65.
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Tabnuna 4.18 — Bausnue 6axrepuanbubix JIIIC (10 Mkr/mi) Ha MOp(hOreHeTHUECKYIO

AKTUBHOCTB KaJIITYCOB U BbIXOJ paCTeHHﬁ-pCFCHepaHTOB MSTKOM NI CHUIbI JTUHHUN

Rht-Bla

Bapuant Breixox xan- | Beixon mopdo- | Beixog perenepantos, %
JYCOB OT 3KC- | T€HHBIX KAJLTy- | OT Mopdo- OT BCEX
TUTAHTOB, %o COB OT BCEX | TEHHBIX KaJI- | KaJUTyCOB
KaJITyCcOB, % JTyCOB
Kontponn 96,8+1,89 17,2447 442+12,3 7,6+4,1
JITIC E. adhaerens
T1KsL4 95,5+2,89 27,0+£7,1* 46,3£15,7 | 12,5+4,2*
JITIC O.
guorumnocens 99,29+1,41* 21,2+6,8 28,6+13,6* 6,1+2,4
T1Kr02
JITIC P. chlororaphis
K3 92,5+4,12* 24,3+5,0* 41,7117 10,1+4,9

[Tpumeuanune — Pazmmums mocroBepusl pu P = 0,05, mockonbky t >t gps. “*”

CpaBHCHHC C KOHTPOJICM.

[Tocne mepeHoca KamTycoB ¢ MOP(OreHHBIMU OYaraMu Ha MUTATENbHYIO CPEIy
1751 pereHepaunu, He coaepxaiyro JIIIC, pa3Butue pacTeHUN-pereHEPaHTOB BO BCEX
BapuaHTax Oblja MPUMEPHO OAMHAKOBOM — BbIX0J cocTaBisii 40-45% ot yucna mopdo-
TEHHBIX KaJuTycOB. VICKIIFOUEHHE COCTAaBISUIM KaJUIYChl, IIEPECAaKEHHBIE CO CPEMbl, CO-
nepkamied Ha nepBoM artane KyiabtuBupoBanus JIIIC mramma O. quorumnocens
T1Kr02. Takue kamrycel oOpa3oBbiBaii Ha 35% MeHbIIE pereHepaHTOB, YeM KOH-
TPOJIbHBIE KaJUTyChl. B 1enom e, nmpu noacuére Boixona perenepanToB Ha 100 ncxon-
HBIX 3KCIJIAHTOB OBbUIO BBIABIECHO, YTO 3()PeKTUBHOCTH pruMeHeHus npemnapaToB JIIIC
Ha cTtaguu GpopMupoBaHUS MOP(POTEHHBIX KAJUTYCOB OblJIa IOCTOBEPHO BHIIIE TOJIBKO B

Bapuante mramma E. adhaerens T1Ks14 (+64%). Ilony4ueHHbIC JaHHBIC CBUICTEIb-
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CTBYIOT O CYIIECTBEHHBIX OTJIMUHUAX B PEAKIIMU KYJIbTYpbl TKAHEH PACTCHUN B OTHOIIIE-
Huu JIIIC paznuusbIx pu3oc@epHbIX OaKTEpU.

B cocrase JIIIC mramma E. adhaerens T1Ks14 6onpliryto MacCoByrO JOJO CO-
CTaBJISIOT OCTAaTKH YPOHOBBIX KHUCIOT, B oTiaudue oT JIIIC O. quorumnocens T1Kr02 u
P. chlororaphis K3, coxepskanux octatku ¢pyko3sl (6-A€30KCHcaxap) ¥ aMHHOCAXapOB
COOTBETCTBEHHO. TakuM 00pa3oM, OJHOW W3 NMPUYMH PA3HOTO JCHUCTBHUS OaKTepUallb-
ueIX JITIC Ha KynbTypy TKaHEH MIICHHUIIBI MOTYT OBITh CYIIECTBEHHBIC PA3INYMsI B MO-
HOCaXapHJIHOM COCTaBe M (PU3MKO-XMMHUYECKHX CBOMCTBAX TJTIMKAHOB.

Ha ocHOBaHMU MOJyYEeHHBIX PE3yIbTATOB IPEIaraeTcsi ONTUMH3UPOBATh METO-
UKy KyJbTHBHPOBAHHS COMATHYCCKUX KaJUTyCOB IIIIICHHIIBI BBEJICHHEM B COCTaB HH-
OyKIuoHHOM nuTareabHou cpeapl JITIC mrammos A. baldaniorum Sp245, A. brasilense

sp 7, A. lipoferum SR65 u E. adhaerens T1Ks14 B konnenTpamuu 10 Mr/.
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I'naBa 5 3yyeHue BJIMSIHUS OAKTEPUATBHBIX KJIETOK M UX JHUIOMOJINCAXAPHI0B

HA MUKPOKJIOHBI KapTo(es B KyJabType in Vitro u ex vitro

5.1 U3yuyenue BausiHUs pU30c(pepHbIX OaKTepHil HA MUKPOKJIOHBI KapTogdeJist
B KyJbTYype in Vitro
5.1.1 Co3nanne pacTUTEJIbHO-MHAKPOOHBIX acCONUALIHIT B KyJbTYpe in Vitro

OO0s13aTeTbHBIM 3TAlOM COBPEMEHHOTO CEMEHOBOJICTBA KapTO(Esl SABISETCS MOITY-
YEeHHUE 03/I0POBJICHHOIO MOCAJ04YHOr0 Marepuana ouorexHojgorndeckuM merogoM. ['OCT
33996-2016 mpemgycmaTpuBaeTcsi KaTeropusi CEMEHHOTO KapTo(denst — «OpUTrHHATBHBIN ce-
MEHHOM KapTo(enb», KOTOpasi BKIIOYAET O3J0POBJICHHBIA MCXOJIHBIM Marepuai, B TOM
YHCIIe MUKPOPACTCHUS, TIOyUSHHBIC B KyJIbType In Vitro [32].

Jji1 0CBOOOXKIEHUS] PACTEHUI OT OAKTEPUAIIbHBIX U BUPYCHBIX MH(EKUUH UCIIOJb-
3yeTCsl METO]l BHIWICHEHUS alMKAIbHBIX MEPUCTEM C MOCIEAYIOIIMM MHUKPOKIOHAIbHBIM
pa3sMHOXkeHHeM TioderoB IN Vitro. KysietuBupyembie in VItro pacTeHus CTEpUITbHBL, 4TO CO-
371a€T CJIIOKHOCTH B a/IalTalliy TOTOBOTO MIOCAI0YHOTO MaTepHrajia K €CTECTBEHHBIM yCIIO-
BUSIM BBIpAIlMBaHUs B MOYBE. BhICaKeHHbIE CTEPUIIbHBIE MUKPOPACTEHUSI TIOJBEPTaOTCSI
arpecCMBHOMY BO3/CHCTBUIO €CTECTBEHHOTO MHKPOOHOTO ()oHAa M aOMOTHYECKUX (PaKTO-
pOB cpeapl. J1Jis MOBBIICHNS aIaNTAllMOHHON CIIOCOOHOCTH MUKPOKIJIOHOB B PSIZIC CITy4acB
NPUMEHSIOT MPUEM MHOKYJISILMKA KOPHEH pOCT-CTUMYJHPYIOIIMMHU pU30C(HEPHBIMA MHK-
poopranusmamu [344, 509].

W3BectHO, uTO pusochepHbie OakTepuu, B ToM uuciae Azospirillum sp., B ecre-
CTBEHHBIX YCJIOBUSX IN VIVO MOTYT OKa3bIBaTh MOJIOKHUTEIILHOE BIUSHUAE HA POCT U Pa3BHU-
tue pactenuit [153, 501]. bakrepun poma Azospirillum criocoOHBI (UKCHPOBATH MOJIEKY-
JSIPHBIN @30T U IiepeiaBaTh €ro B JOCTYITHOM Uit pacTeHus (hopme, yiydlnasi ero a30THOe
MUTaHUE, CIIOCOOCTBYIOT MOBBIIICHUIO TOCTYIHOCTH (Pocdopa B puzocdepe, mpoaylmpy-
10T ayKCHHBI, TUTOKUHUHBI, THOOEPEIIHHBI, CIIOCOOHBI MOAABIATh (KOHTPOJIMPOBATH) 3a-
00JIeBaeMOCTb pacTEeHHI, 00YCIIOBICHHYIO (DUTOMATOreHHBIME MHUKpOOpranm3mamu [153,
568]. ITo nanusiM Bonkorona [24] a3ocnupuiiibl CIIOCOOHBI AKTHBU3UPOBATH POCT MUKPO-

KJIOHOB KapTodelns B KyabType in Vitro, Ho ycnoBust co3nanust 3(OEeKTUBHON accoIraIium
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MEXTy OaKTepUsMH M MUKpOpacTCHUsAMH Kaptoders In Vitro 1o cux mop He ObLIM pac-
KPBITHI B [IOJTHOW MEPE.

Ha nepBom stane mannoro uccinenoBanus (B 2011-2012 rr.) 6bu1a mocraBiieHa 3a-
Jada M3YYCHUS BO3MOXKHOCTH HHOKYJIIIIMA MHUKPOPACTEHUH B KyJIbType IN VIitro puso-
chepHbpiMu  OakTepusimu  poxa  Azospirillum u  co3maHust aKTHBHBIX PacTUTEIBHO-
MHUKPOOHBIX accoltanuii. JIjist 3ol 1enu uenob3oBaiu mramm A. baldaniorum Sp245, a
B KaueCTBE MaKpoMapTHEpa MHUKpopacTeHus kaprodens copta Konmop, a Takke xpuzaH-
Tembl copta CHOY0O071. MTHOKYJISIMIO MUKPOPACTEHUH, KYJIbTUBUPYEMBIX Ha KHUJIKON cpejie
M-C 6e3 ropMoHOB, mpoBoAWIK Ha 10 CyTKM moOcCj€ MHKPOYEPEHKOBAaHUS CYCIIEH3UEH
GakTepuii, coneprkameii 108 ki1./m1, ¢ moydeHrneM HTOrOBOM KOHLIEHTPALUK B IIPOOMPKAX
¢ pacrerusmu 10° uam 107 KIIETOK B MJI IIUTATENLHOM CPEIBL.

N3mepenrne MOpPOMETPUYECKUX MAPAMETPOB MEPUKIIOHOB KapTO(dess U XpU3aHTe-
MBI B [IEPBOM IKCIIEPUMEHTE IO CPABHEHUIO C KOHTPOJIEM HE NIOKA3AJIU JIOCTOBEPHOTO pa3-
JIM4YUs. DTO MOATBEPKAACTCA, PE3YJIbTaTAMU MIEPUOJUIECKOTO U3MEPEHUS KOJIMYECTBA Y3-
JIOB Y pacTeHui kaprodens u xpuzantembl (PucyHok 5.1).

[Ipu 5TOM, aHAIM3 MUTOTUYECKOW AKTHBHOCTH KJIETOK KOHYMKOB KOPHEH MHKPO-
pacTeHuil MoKasan CyIIECTBEHHOE BIIMSHUE OaKkTepuil Ha JIeieHue KIIeTOK pactenuit (Pu-
CYHOK 5.2). B KOHTpOJIbHBIX BapHaHTaX MUTOTUYECKAsE AaKTUBHOCTh KJIETOK KOPHEBBIX Me-
pUCTEM MUKPOUYEPEHKOB KapToderst Oblia B 3 pas3a HIKE M0 CPaBHEHUIO ¢ MUTOTUYECKON
aKTUBHOCTBIO KJIETOK KOpHeW xpuzaHTeMbl (PucyHok 5.2a, 5.26). 310 yka3bIBaeT Ha BUJIO-
BYIO0 0COOEHHOCTH (DYHKIIHOHUPOBAHHMSI KJIETOK alTMKAIBHBIX MEPUCTEM HCCIICTYEMbIX pac-
TeHnii. He ObUI0 yCTaHOBJIEHO JOCTOBEPHOIO MOJIOKUTEILHOTO BIIMSHUS a30CTIUPUILT Ha
MHUTOTUYECKYIO aKTUBHOCTh KJIETOK KOPHEBBIX MepucTeM kaprodens (Pucynok 5.2a). B To
K€ BpEeMsl, MUTOTUYECKUN MHIEKC KIIETOK KOPHEBBIX MEPUCTEM XPHU3AHTEMBI JIOCTOBEPHO
npesbiman B (1,4 pa3a) aHaJIOTMYHBIN TMOKa3aTellb KOHTPOJIbHBIX pacTeHuil (PucyHok
5.20).

He nabnromanock BUANMON KOHTAMUHAIIMU KYJIBTYPBI U (PUTOTOKCUYIHOTO JICHCTBHS
Oakrepuil. [loaTOMy, Ha OCHOBaHMM TMOJYYEHHBIX JAHHBIX ObUIA U3MEHEHBI YCIIOBHS JKC-
NEpUMEHTA: UCMOJb30BaNIach nuTarensHast cpena M-C ¢ arap-arapom (7 1/71) 1 MHOKYIIS-

oy IpoBOAXIACH HA 0 CYTKU KYJIbTUBHUPOBAHUA.
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Pucynok 5.1 — KonndecTBo y3710B y MUKpOpacTeHUI Xpu3aHTeMbl (a) 1 kapTodens (0)

npu uHOKY Istmu A. baldaniorum Sp245 na 10 cyTku KyJIbTHBHPOBAHUS
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Pucynok 5.2 — MuTtoTn4ecknii MHIEKC KJIETOK KOPHEBBIX MEPUCTEM KapToders ()

U XpHu3aHTeMsl (0)

B MonepHH3MpOBaHHOM SKCIIEPUMEHTE, B OTJIIMYHE OT JTAHHBIX MEpBOro ombita (Pu-
CYHOK 5.3a), yCTAHOBJIEHO IOJIOKUTEIbHOE BIUSHUE a30CIUPHUIUT HA MUTOTUYECKYIO aK-
TUBHOCTb KJIETOK KOPHEBBIX MEpUCTEM KapToderns. MUTOTHYECKUI MHIIEKC KIIETOK KOPHS
kaptodens yeemmunBaics B 1,8 pasza (Pucynok 5.30). JlaHHbIIH (akT yka3pIBaeT HA TO, YTO
M3MEHEHHE BPEMEHHU J100aBIIeHHs OaKTepuallbHOM CYCIIEH3MH B CPEy BhIPAIMBAaHHS pac-
TeHUH KapTo(dens U U3MEHEHHE €€ TIOTHOCTH YCHIIAJIO TOJIOKUTENTbHOE BIHSIHAE OaKTe-
Ui HAa MUTOTHYECKYIO aKTUBHOCTD AITUKATBHBIX MEPUCTEM KOPHSI KapTOQeris.

MetonomM UMMYHOQITYOPECIIEHTHON MUKPOCKOIIMH C UCTIOJIb30BAHKEM crienuduye-
ckux aHtuTen K mrammy A. baldaniorum Sp245 usygancst xapakTtep pacnpeieieHus Ko-
JIOHUM OakTepHil Ha KOpHSAX KapTodens U Xpu3aHTeMbl. bouin oOHapy>KeHbl €IMHUYHBIC
KOJIOHMM OakTepuii Ha KOpHAX XpuzaHTeMbl (PucyHok 5.4) u ckorieHusi OakTepuili Ha
KOPHSIX KapToderns, IIaBHbIM 00pa3oM, B 30HE KOHYHKA KOPHS U B 30HE KOPHEBBIX BOJIOC-

koB (PucyHnok 5.5).
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Pucynok 5.3 — MuTtoTH4ecKknii MHIEKC KJIETOK KOPHEBBIX MEPUCTEM KapTOQEIs B TIEPBOM

(a) 1 B MOJIEPHU3UPOBAHHOM SKCIIEpUMEHTax (0)

Pucynok 5.4 — O6unapyxenue 6axkrepuii A. baldaniorum Sp245 Ha KOpHSX XpHU3aHTEMBI
C UCIoab30BaHueM (uryopecrieHTHOM Mukpockonuu u crnenudpuueckux At k JIIIC gaH-
HOTO mTamMma: 6e3 mosicBeunBanus GryopecieHTHou Jammoii (1), B cBete ¢uryopec-

LEHTHOM JiamIibl (2), B KOHTpoJIE (a) 1 onbITe (0)
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Pucynok 5.5 — O6Hapyxenue 6aktepuit A. baldaniorum Sp245 na kopHsx kapTodens ¢
UCTIOJIb30BaHUEM (PIIyOpeCclieHTHOM MUKpockonuu U crnienupudeckux At k JITIC nan-
HOTO ImTamMmMa: 6e3 moicBeunBanus GIyopecieHTHOU Jammoi (1), B cBeTe ¢uryopec-

IEHTHOM JiamIibl (2), B KOHTpoJe (a) u onbiTe (0)

JIis M3ydeHus: HaJIM4Yusl >KU3HECTIOCOOHBIX OaKTEpUATBbHBIX KIIETOK HUCCIEIYEeMOTO
[ITaMMa, aCCOIIMUPOBAHHBIX C BHYTPEHHUMH TKaHSIMU KOPHS KapTodens, ObLT mpoBeneH

MHUKPOOHOJIOTHYCSCKHI TeCT Ha SHI0(PUTHOCTH (PrucyHok 5.6).

Pucynox 5.6. MUKpOOHOIOTUYECKHIA TECT: @ - KOHTPOJIb, 0 — onbIT; udpsr 1, 2, 3 cooT-
BETCTBYIOT KoJIoHUsM OakTepuii A. baldaniorum Sp245, chopmupoBaBIIHXCSt BOKPYT

(bparMeHTOB KOPHS
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@parMeHThl KOpHsl, 00pad0oTaHHBIE CIIUPTOM, TOMELIATINCH HA IJIOTHYIO MalaTHYIO
cpedy Ui KyJbTUBHpPOBaHUA OakTepuil. Yepes3 CyTKU B OIBITHOM BapUaHTE HAOIIOIAI0Ch
oOpa3zoBaHuE KOJIOHMM OakTepuii, koTopble MeronoM M®DA ¢ ucnonp3oBaHHEM HITaM-
MOCTIeM(PHUIHBIX aHTUTEN OblH HaeHTH(UIpoBaHbl kKak A. baldaniorum Sp245 (Pucy-
HOK 5.7). DT0 yKa3bIBaeT Ha 3acel€HUE BHYTPEHHUX TKaHEH KOPHS MHUKPOKJIOHOB KapTo-
¢ens uccaeyeMbpIM MITaMMOM a30CIMPUWILI. B KOHTPOIbHOM BapuaHTe ()parMEeHThl KOPHS
He 00pa3oBalil KOJIOHWH, CIIEIOBATEIbHO, X BHYTPCHHUE TKAHU HE ObUTH 3acesieHbl Oak-
tepusimu A. baldaniorum Sp245.

Takum 00Opa3oM, OBLJIO YCTaHOBJIEHO, YTO OAKTEPUH CHOCOOHBI KOJOHHU3HPOBATH
TIOBEPXHOCTh W BHYTPEHHUE TKAaHH KOPHS MUKPOpPAcTEHUH N VItro, a st JOCTHKEHUs J10-
CTOBEPHOT'O MOJIOKUTEIBHOTO BIMSHUSA HA MOP(HOMETPUUECKUE MOKA3aTeNN MOTyYEHHbBIX

pEreHepaHToB HEOOXOAUM MOUCK YCIOBUN MHOKYJISALIMU U KYJIbTUBUPOBAHUSI.

OIITHYe K aq II0THOCTE, 490
0,300

0230

0.20:0
——1

0,150 —_—

0,100 3

0,030

0,000 . T ' .

2 4 a 16
Pazeegerme, 1/

Pucynok 5.7 — Pesynbratel UDA GakTepuii, chopMUpOBaBIIMX KOJIOHUH B MUKPOOHOJIIO-
rH4YecKoM Tecte, ¢ anturenamu Ha JITIC A. baldaniorum Sp245: nudpsl Ha rpadukax

03HAYaroT HOMEPA KOJIOHUH PUCYHKA 5.6
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5.1.2 IToa6op onTUMAJIBLHBIX YCJIOBUI HHOKYJISIIMH VISl CO3IaAHMS
PACTUTENbHO-MHUKPOOHBIX aCCONUALMIA MPU MUKPOKJIOHAJIbHOM Pa3MHOKEHUHU

[IpennonokuTenbHO, BaXHBIM (DAKTOPOM CO3JIaHUS PACTUTEITHLHO-MUKPOOHOM acco-
IIUAIKA JO0JDKHA OBITh KOHIIGHTPAITUS KJIETOK B CYCIICH3WH MPHU MHOKYJSIUH. [losTomy
ObLIa POBE/ICHA CePHsl FKCIIEPUMEHTOB 110 U3YUEHHIO BIMSHUS TaHHOTO (haKkTopa.

Jlnst ramma A. brasilense sp7 6bu10 H3y4eHO TpU KOHIICHTPAIIUH, Pa3JINYarOIIuecs
na nopsgok: 104 10° u 108 knerox B M1 nuTaTensHOM cpenbl. MHOKYIANMS IPOBOIMIACK
Ha 7 CyTKH TOCJe YepeHKoBaHUA. MoppoMeTprudeckre mapaMeTpbl MUKpPOPACTeHUN aHa-
JM3UPOBATCH KAXK/IBIE S5 CYTOK ITOCIIE MHOKYIISIUN. BBUTO YCTAaHOBIICHO PAa3IMIHOE BIIHSI-
HUE TaHHOTO (paKTOpa Ha TEMITbI pOCcTa OOETOB U KOpHEW KapTodesisi U XpU3aHTEMBI.

Ha xommuectBo xopueit (Tabnuia 5.1) u amuny nob6era (Tabmuia 5.2) KoHIIeHTpa-
U OaKTepUATbHOM CYCIICH3UH HE OKa3aja CyIECTBEHHOTO BIIUSHUSL.

Ha xommuecTBO y3710B Ha nmobderax kapTodess MoJ0KUTEIbHOE BIUSHUE OKa3bIBala

OakTepuanbHas cycrensus B KonuenTpauun 10% ma 20 cyrku xynsrusuposanus (Tabauua

5.3).

Tabmuna 5.1 — Bausiaue xoHieHTpanuu cycrnen3un A. brasilense sp7 ma xonmuecta

KOpHEHN y MepuKIIOHOB KapTodesns copta Konmop

KonunuecTBo kOpHEH, 1IT.

Bapuant onvira 0 cyTkmn 5 cyTKH 10 cytkn | 15 cyrkm | 20 cyTkm
Kontpons 5,5 6,53 7,9 8,3 8,7
10* 5,3 6,5 6,5 6,5 7,2
10° 5,9 6,1 6,6 7,1 8,1
10° 59 6,3 6,6 6,6 8,07

F pacr. 0,235 0,323 0,987 3,045 0,511
HCPo,05 - - - - -
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Tabnuna 5.2 — BausiHue KoHIeHTpanuu cycrnen3uu A. brasilense sp7 na amuny mooeros

MEepHUKIIOHOB KapTodens copra Kormop

JlnuHa mobera, cMm
BapuanT onbiTa
0 cyTku 5 CyTKH 10 cyTku 15 cytku 20 cyTku
Kontpoib 51 6,04 6,95 7,88 8,9
10% 4,57 6,8 8,1 8,6 9,8
10° 4,97 5,28 7,25 8,45 8,6
106 4,6 5,3 6,66 6,87 7,4
F pacr. 0,149 1,973 3,150 2,393 3,673
HCPy o5 - - - - -

Tabmuna 5.3 — Biusaue xoHneHTparnuu cycrieHsun A. brasilense sp7 Ha koaudecTBO

Y3JI0B Ha rmoberax MCPHUKIIOHOB KapTO(i)eJ'IH copTa KOHI[Op

KonuuecTBo y310B Ha noOere, LIT.
BapuanT onsiTa

0 cyTkmn 5 cyTkHn 10 cyTkn 15 cytku 20 cyTkun

Kontpomns 5,03 5,9 7,3 7,8 8,8

10% 5,4 6,6 7,4 8,6 9,5

10° 5,5 6,5 7,1 8,1 8,16

10° 6,06 6,87 7,5 8 8,3
F paxr. 0,776 0,837 0,078 0,489 12,882*

HCP0,05 - - - - 0,4

[Tpumeuanue — “*” paznuuus nocroBepHsl npu P = 0,05, nockonbky Fpuam =

Fmeop. .

CyIecTBeHHOE BIIMSIHAE KOHIIGHTPAIUK OaKTepHAIbHOW CYCIIEH3WH Ha MHUKpOpac-
TeHUs1 ObLTIO OOHAPYKEHO IO MOKa3aTeto «aMHa KopHs» (Tabmuua 5.4). [lox neiictBuem
OAaKTEpHANIBLHON CYCIEH3UM B KOHLEHTpanuu 10* [iMHa KOpHS CyILECTBEHHO yBEINYMBA-
Jack Ha 15 u 20 CyTKM KyJIBTHBHUPOBAHUS TOCIE MHOKYISIWU. CycrieH3usl OakTepwii B

xoHuenTpamn 10° Ha 10 cyTku yBenmumBana ayuny kopHs. Cycrensus OakTepuii B KOH-
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uentpanmu 108 oTpHIAaTeNEHO BIMANA HA TEMITBI POCTA KOPHEH, B TOM YHUCIIE Ha JOCTO-
BepHOM ypoBHE Ha 10 cytku. Ho k 20 cyTkam MHKpOYEpEHKM MHOKYJIMPOBAHHBIE 3TOU

CYCHGHBHCﬁ BBIPABHUBAJIMCH 110 JaHHOMY ITIOKA3aTCJII0 C KOHTPOJIbHBIMH PACTCHHUAMMU.

Tabnuna 5.4 — Baustaue konneHTpaiuu cycrensun A. brasilense sp7 Ha mivHy KopHEi

MepHUKIIOHOB KapTodens copra Konmop

BapuanTt onbita JlnnHa KOpHA, cM
0 cyTkmn 5 cyTKH 10 cyTkmn 15 cyTtkn 20 cyTKun
KoHTpoib 3,55a 4,91 5,1b 5,3a 6,3b
10% 4,4b 5,01 5,22b 6,03b 6,61c
10° 4,6b 4,9 5,44c 5,7ab 5,87a
10° 3,6a 4,3 4,51a 5,22a 6,3b
F paxr. 5,952* 1,025 22,172* 11,733* 11,102*
HCPo 05 0,79 - 0,29 0,71 0,29
[Tpumeuanne — “*” paznuuus goctoBepHsl npu P = 0,05, mockonbky Fgpum =

Fmeop.; BapHUaHTBI, COIIPOBOKIAACMBIC OANHAKOBBIMU JIATUHCKUMHA 6yKBaMI/I, pas3jimdyaroT-

Csl HE3HAYMMO 10 KpuTeputo /[yHkaHa.

Ha pocT MHKpOYepeHKOB XpHU3aHTeMBI IN VItro KoHIeHTpanus cycrnen3uu A. bra-
silense sp7 okasana OoJjiee cymecTBeHHOe BiusHUe. 1o 1efcTBUEM HHOKYISIMHA Oak-
TEPUSIMHU YBEIUYHUBAJIOCH KOJIMYECTBO KOPHEH Ha MHKPOPACTCHHMSX XPU3aHTEMBI.
HauGonbliee BIAMSHUE OKa3blBajda OaKTEpHAIbHAS CYCIIEH3US B KoHLEHTpamun 10°
(Tabnuua 5.5).

B mporiecce KyIbTHBUPOBAHUS Ha KOJHUYECTBO Y3JIOB Ha MOOErax XpHU3aHTEMbl OaK-
TepHAIbHBIC CYCIICH3MU CYIICCTBCHHOIO BIMSIHUS HE OKasbIiBasd, HO K 20 cyTkam OakTe-
puanbHas cycreHsus B KoHueHTpauu 10° yBenmumBama KoIMYecTBO y37I0B Y MOGEroB
xpu3zanteMsl (Tabmmuiia 5.6).

JlnvHa KOpHEH y moOeroB Xpu3aHTeMbl IN Vitr0 yBeln4nMBaniach Moj JACHCTBHEM
GaxTepuanbHoii cycniensuu A. brasilense sp7 B konuentpanuu 10, a Taxke Ha 15 cyTku

1I0]] BJIUSHUEM OaKTepUaIbHOM cycnensuu B KonnenTpanuu 10° (Tabnauua 5.7).
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Tabmuna 5.5 — Bamsiaue xoHneHTpanuu cycrnen3un A. brasilense sp7 ma xonmuectBa

KOpHEHN Y MEPUKIIOHOB XpU3aHTeMbl copta CHOYOOI

Bapuant KosmuecTBo KOpHEM, IIT.
ombITa 0 cyTku 5 cyTkmn 10 cytkn 15 cytkn 20 cyTkun
Kontpoib 2 2,2a 2,7a 2,82 4. 5a
10 3,3 3,5ab 3,8ab 4ab 4,2a
10° 3,4 3,8ab 3,8ab 4,3b 4,7a
106 3,5 4,1b 4,6b 4,9b 5,9b
F pacr. 0,782 10,706* 10,590* 10,441* 10,321*
HCPo,05 - 1,7 1,5 1,5 1,1

[Tpumeuanne — “*” paznuuus goctoBepHsl npu P = 0,05, nockonbky Fgpum =
Fineop.; BAPHAHTBI, COMPOBOXKAAEMbIE OJMHAKOBBIMU JJATUHCKUMHU OyKBaMU, pa3inyaroT-

Cs1 HE3HAYMMO 0 Kputeputo JlyHkaHa.

Tabmuna 5.6 — Biusaue xoHuneHTparnuu cycrensuu A. brasilense sp7 Ha kKoJau4ecTBO

y3JI0B Ha mo0erax MepuKIOHOB Xpu3aHTeMbl copta CHOyOO

Bapuant KonuuecTBo y3710B Ha mobere, MIT.
OIIbITA 0 cyTkmn 5 cyTkHn 10 cyTkn 15 cytkn 20 cyTkun
Kontpoib 1 1,3 2,4 4,4 4,9ab
10% 1 1 1,5 3,6 5,3bc
10° 1 1,5 1,9 2,9 3,9a
10° 1 1,5 2,3 4 6,5C
F paxr. - 4,649 0,788 1,003 12,513*
HCPo 05 - - - - 1,3
[Tpumeuanue — “*” paznuuus nocroBepusl npu P = 0,05, mockonbky Fpemm =

Fmeop.; BapHUaHTBI, COIIPOBOXKAACMBIC OAMHAKOBBIMHU JIATUHCKUMHA 6YKBaMI/I, pa3IindaroT-

Csl HE3HAYMMO 10 Kputeputo [[yHkaHa.
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Tabnuna 5.7 — Biaustaue konneHTpaiuu cycrensun A. brasilense sp7 Ha mivHy KopHEi

MEPHUKJIOHOB XpHu3aHTeMbl copta CHOyOO0I

Bapuant JlnvuHa xopHs, cMm.

OIIbITA 0 cytku 5 CyTKH 10 cytku 15 cyTkn 20 cyTku
KonTtpomnn 1,44 2,5a 2,6a 2,72 4,1
10% 1,9 2,4a 2,5a 2,6a 3,4
10° 1,7 2,4a 2,99ab 3,4b 3,8
10° 2,4 3,3b 3,6b 3,9b 4,2

F pacr. 0,940 10,683* 10,903* 10,916* 0,592

HCPg 05 - 0,71 0,81 0,62 -

I[Ipumeuanne — “*” pasmuuus nocroBepHbl npu P = 0,05, mockoibky Fguom =
iz
Fineop.; BAPHAHTBI, COPOBOXKAAEMbIE OAMHAKOBBIMU JJATUHCKUMHU OyKBaMU, pa3inyaror-

Cs1 HE3HAYMMO IO Kputeputo JlyHkaHa.

JnnHa moGera XpU3aHTEMbl NPAKTUYECKW HE M3MEHsUIach B Te4YeHHE 15 cyTok
kyneTUBUpoBaHus. Ha 20 cyTku moxa nedictBuem OaktepuanbHOU cycnen3uum A. bra-
silense sp7 B xonuentpanuu 10° nmHa moGera yBennuuBanach Mo CPaBHEHHIO C KOH-
tposem (Tadmuna 5.8).

Takum 00pa3oM, MpU BHECEHUH B MPOOUPKH C MUKPOKJIOHAMH XPU3aHTEMbI OaKTe-
puanbHO# cycrier3un A. brasilense sp7, HaOmoaIM NOBBIIIEHHE WHTEHCUBHOCTH POCTa
KOPHEH ¥ IMOOETr0B MO BIMSIHMEM OaKTePHAILHOM CyCIICH3UH B KOHIEHTparuy 10° Kir./mi.
IMocne 20 cyTOK COBMECTHOTO KyJbTUBUPOBAHUS B YCIOBHUSAX IN VItr0 pacTeHUs XpHU3aHTe-
MBI OaKTEPH30BaHHBIE cycriensueil 10° KiI./MiI peBbIaau KOHTPOJIBHBIE MO KOIHYECTBY
KOpHEH, KOJIMYECTBY y3J10B U AnuHe nodera (Pucynok 5.8). Lluronornyeckuit ananus noj-
TBEPJIWJT CTUMYJIMPYIOIIee BIMSHUE OAKTepHil Ha 3aKiIaiKy U (OPMHUPOBAHHE OOKOBBIX

xopHeli (Pucynok 5.9).
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Tabnuna 5.8 — Bimsaue xoHmeHTpaiuu cycnensuu A. brasilense sp7 Ha auHy mobera

MEPUKJIOHOB XpH3aHTeMbl copTa CHOYOO

Bapuant JlnvuHa xopHs, cMm.

OIIbITa 0 cyTtkun S cyTKH 10 cyTkn 15 cytkn 20 cyTku
KonTpob 1,21 1,47 5,69 12,10 16,0b
10* 1,30 1,85 6,01 8,45 10,7a
10° 1,09 1,66 6,12 9,47 14,0a
10° 1,15 2,00 5,86 13,21 25,0c

F pacr. 0,312 0,620 0,532 0,781 10,542*

HCPo,05 - - - - 4,3

I[Ipumeuanne — “*” pasmuuus nocroBepHbl npu P = 0,05, mockoibky Fguom =
iz
Fineop.; BAPHAHTBI, COIPOBOXKAAEMbIE OJAMHAKOBBIMU JJATUHCKUMHU OyKBaMU, pa3inyaroT-

Cs HE3HAYMMO 110 Kputepuro JlyHkaHa.

Pucynok 5.8 — MUKpOKIIOHBI Xpu3aHTeMbl copTa CHOYOOJ B KOHTpOJIE ()

¥ MHOKYJIMpOBaHHKIE cycrensueii A. brasilense sp7 B konnentpamuu 10 k1./mn
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1000 pm
—-————

Pucynok 5.9 — ®opmupoBaH#e TOUEK pOCTa Ha KOPHIX HHOKYIHMPOBAHHBIX

MUKPOPACTEHUIN XPU3aHTEMBI

Ha cnenyroieM sTamne pacTeHus BEICAXKUBAIM B COCY/IbI C TIOUBOM ISl aJlaliTalliu
K €CTECTBCHHBIM YCJIOBHSM BBIPAIITUBAHMSI.

¥ mukpopactenuii kaprodens copra KoHnop, MHOKYIUPOBaHHBIX cycrieH3uen A.
brasilense sp7 B tpex konuenTparmsax 104 10° u 10° kin./mi Ha 10 cyTkn aganTanuu B
ouBe 0OHAPYKUBAJIOCh JJOCTOBEPHOE TOJOKUTEIBHOE BIMSIHHE TOJBKO OJHOTO Bapu-
anTa uHOKyysuuy 10° kn/Mi v ums Ha oauH mokaszarens «lllupuHa nucTHEB pacTe-
Hui» (Tabmuna 5.9). [1o octanbHBIM pU3HAKAM CYIIECTBEHHOTO BIUSHUS WHOKYIISITUU
OakTepusMU HE HAOJIOAANIO0Ch: OAKTEPU30BAaHHBIC PACTEHUSI HE MPEBBICUIIN KOHTPOJIb-
HBIE 110 COOTBETCTBYIOIIUM MOKA3aTENSIM.

B ToM ke 3KCnepuMeHTe MHUKpPOpPACTEHUSI XPHU3aHTEMbI, OaKTEpPHU30BAHHBIE CYC-
neHsuell B kouuneHTpanuu 10°, B ycIoBusax eX Vitro npeBbIany KOHTPOJIBHBIE PACTEHHS
1o tremnam pocra (Tabnuna 5.10). bakTepuansHas cycneHsus B KoHIeHTpamuu 10° mo-
JIOKUTENFHO BJMSUIA HA JJMHY noOera (mpeBbllieHue KOHTpoJid Ha 64%), KOIMuecTBO
muctbeB (Ha 53%), nmuny nuctheB (Ha 13%) u mupuny nuctbeB (Ha 13%).

st cpaBHeHUsT ObUIO MPOBEJACHO WHOKYJIWPOBAHUE CTEPUIIHBHO BBIPAIEHHBIX
MUKPOpACTeHHI KapTo(desnss HEMOCPEJCTBEHHO Tepel BBICAIKONH B yCIOBHs €X Vitro.
[Ipu 5TOM KOHIEHTpamus GakTepuii B cycreHsuu Obuia yBenudena mo 108 xin./mn Ha
KapTodese J0CTOBEPHOro BIUSHUS TAKOTO CIIOCO0a MHOKYJISAIIMK OOHAPYKEHO HE OBbLIO

(Tabymma 5.11).
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Tabmuna 5.9 — Biusaue konneHTpaiuu cycnensuu A. brasilense sp7 na
MophOMeTpHYECKHE MMapaMeTpbl MEPHKIOHOB KapTodens copra Kommop Ha srame

ajlanTanum ex Vvitro

Bapuant Jlnuna KosmuectBo [[upuna Jnuna
OTIbITa no0era, cM. JUCTHEB, LIT. JUCTHEB, CM. JHUCTHEB, CM.
Kontpoin 29,78 13,6 7,5a 124
104 22,72 11,2 5,76a 9,64
10° 22 10,6 6,3a 10,1
108 25,54 12,4 12,4b 9,64
Fopaxr. 1,301 0,891 13,116* 3,136
HCPo 05 - - 4,51 -
[Tpumeuanne — “*” paznuuus goctoBepHsl npu P = 0,05, mockonbky Fpum =

Fineop.; BADHAHTHI, CONPOBOXKAAEMBIE OAMHAKOBBIMU JIATUHCKUMHU OyKBaMU, pa3indaror-

Csl HE3HAYMMO 10 KpuTeputo /yHkaHa.

Tabnuna 5.10 — Bausinue koHneHnTpauu cycriensuu A. brasilense sp7
Ha MOp(hOMETpHUECKUE TTapaMeTPbl MEPUKIIOHOB XpU3aHTeMbl copta CHOyOOII Ha JTare

azanTanuu ex Vitro

Bapuant JnvuHa KonmuecTBo [Tupuna JnuHa
OTIbITa no0era, cM. JUCTHEB, LIT. JHUCTHEB, CM. JHUCTHEB, CM.
Kontpoib 6,08a 9,8a 23,64a 21,52a
10% 9,14b 12,8b 27,9bb 22,84b
10° 10,02b 15,0c 28,76 24,36¢
10° 8,6b 12,0b 26,78b 24,06bc
Fpacr. 4,286* 13,308* 12,151* 15,027*
HCPo,05 2,52 1,81 2,51 1,23
[Tpumeuanne — “*” paznuuus goctoBepHsl npu P = 0,05, nockonbky Fpum =

Fineop.; BADUAHTBI, CONPOBOXKAAEMBIE OAMHAKOBBIMU JIATUHCKUMU OyKBaMU, pa3andaror-

Csl HE3HAYMMO 10 Kputeputo [[yHkaHa.
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Ta6nuna 5.11 — BiausiHue HHOKYJISIITUKM MEPUKIIOHOB KapTodens copta Konmop

cycnensueii A. brasilense sp7 nepen BpicaKoi B IOUYBY Ha MOP(HOMETPHUECKUE

napaMeTphl Ha dTarle ajarnTtaiuy ex Vitro

Bapuant Jmna KonuyecTBo [Iuprna Jnina
OIbITa nobera, cMm. JIMCTHEB, IIT. JIMCTBEB, CM. JIMCTHEB, CM.
KouTtpois 17,93 8,18 16,56 23,1
108 15,84 8,35 15,61 22,71
Fpar 0,423 1,234 0,516 0,042
HCPqs - - - -

bakrepr3oBaHHBIE TIEpe BBICAAKONM CTEPWIBHO BBIPAIICHHBIE MHUKPOPACTEHUS

XPHU3aHTCMBI ITPCBBIIIAIIA KOHTPOJIBHBIC IIPAKTHUYCCKH I10 BCEM MOp(i)OJ'IOI‘I/I‘-IGCKI/IM IIpu-

3HAKaM 3a UCKJIFOUCHHEM KOJINYeCTBa JINCTheB Ha nooere (Tadmuma 5.12).

Tabnuma 5.12 — BiusiHue HHOKYJISIIUKA MEPUKIIOHOB Xpu3aHTeMbl copta CHOYOO

cycnensueii A. brasilense sp7 mepen Beicakoii B oYBy Ha MOp(oMeTpruIecKre

napaMeTphl Ha 3Tarle aJanTtaiyu ex Vitro

Bapuant JnvuHa KomunuectBo [Iupuna JnuHa
OIIBbITA nobera, cmMm JIMCTHEB, IIT. JIMCTBEB, CM. JIMCTBEB, CM.
KoHnTpoib 6,76a 12,5 16,73a 16,81a
108 7,3b 13,9 20,07b 22,22b
Fpacr. 5,60* 0,622 8,19* 7,37*
HCPg 05 0,3 - 2,1 2,6

[Tpumeuanue — “*” paznuuus nocrosepHsl npu P = 0,05, nockonbky Fpuam =
Fineop.; BAPHAHTBI, CONPOBOXKAAEMBIE OAMHAKOBBIMU JJATUHCKUMHU OyKBaMU, pa3iHyaror-

Csl He3HAYMMO 10 KpuTeputo /[yHkaHa.

Takum oOpa3om, nHOKYIIsKs modoeroB A. brasilense sp7 Ha stamne KyJIbTHBHPO-

BaHU IN VILr0 ¥ HEMOCPEICTBEHHO Iepe]l BBICAAKOW B yCIOBUsS €X VILI0 CymecTBEHHO
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TIOBBIIIAJIA CIIOCOOHOCTH K aJalTalliyd U TEMITBl POCTa Y XPU3aHTEMbI, HO HE BIIHsIIA Ha
aHAJIOTMYHBIC TIOKA3aTeNIN y KapTOQEIIs.

B crnenyromeil cepun SKCIEPUMEHTOB HHOKYJISIIAS MHUKPOYEPEHKOB KapTOQens
npoBowiIack npu mocanke (Ha O cyrkm) nyms mrammamu A. brasilense sp7 um A.
baldaniorum Sp245 B nByx koHuenTpanusax 10° u 107 kin./mi nurarensHol cpensl. [Toce
20 CyTOK KyJIbTUBHPOBAHUS TIPOBOAMIICS aHAIN3 MOP(HOMETPUIECKUX MTOKa3aTeNeit pacTe-
HUI.

Himua no6eros kaprodens (Tadbmuua 5.13) B oTIMYUM OT KOJIMYECTBA y3JI0B Ha I10-

oere (Tabnuna 5.14) 1OCTOBEpHO HE U3MEHSJIACH MO/ BIUSHUEM WHOKYJISALIUU.

Tabnuna 5.13 — BaustHue koHIeHTpaimu cycrensuu A. brasilense sp7 u

A. baldaniorum Sp245 Ha qymHy modera MEpHUKIIOHOB KapTodelis copra Konmop

Jmnaa mobera, Mm
Bapuanr onbiTa
0 cyTtku S cyTKH 10 cyTku 15 cyTku 20 cyTku
KonTtpons 4427 62,5 80,93 87,33 55,3
. 10° 37,33 48,9 54,6 71,83 75,47
S
P 107 26,5 39,53 52,47 61,5 61,8
10° 38,33 59,27 69,1 80,5 83,27
Sp245
107 33,37 4417 60,53 64,33 70,63
Fpacr. 1,633 1,623 0,974 1,712 1,660
HCP g5 - - - - -

[Tpumeuanue — “*” paznuuus nocroBepHsl npu P = 0,05, nockonbky Fpemm =
Fineop.; BAPHAHTBI, COTIPOBOXKAAEMbIE OJMHAKOBBIMU JJATUHCKUMHU OyKBaMH, pa3inyaroT-

Csl HE3HAYMMO 10 KpuTeputo /[yHkaHa.
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Tabmuna 5.14 — Biausiaue koHneHTpanuu cycrnensuu A. brasilense sp7 u

A. baldaniorum Sp245 Ha kojmuecTBa y3JI0B Ha IMmobOerax y MEPHUKIOHOB KapTOQes

copta Kongop

KonudecTBo y3710B Ha moOere, IiT.
Bapuant
0 cyTkmn 5 cyTkmn 10 cyTkn 15 cytkn 20 cyTkmn
Kontpoan 2,77 4,13 5,07 5,5ab 5,8a
. 10° 3,17 3,47 51 5,8ab 6,5ab
S
g 107 2,03 2,97 4,13 5,13a 5,3a
10° 2,7 3,93 5,2 6,57b 7,03bc
Sp245
10’ 2,1 4 4.6 5,43ab 5,9a
Fpacr. 1,121 3,662 3,209 9,754* 6,557*
HCPy 5 - - - 0,84 1,18
[Tpumeuanne — “*” paznuuus goctoBepHsl npu P = 0,05, nockonbky Fpum =

Fineop.; BAPHAHTBI, COPOBOXKAAEMbIE OJAMHAKOBBIMU JJATUHCKUMHU OyKBaMU, pa3inyaroT-

Csl HE3HAYMMO 10 KpuTeputo /[yHkaHa.

JlocTOBEpHOE YBEIMYCHHE KOJWYECTBA Y3JIOB Ha IMOOEraX HHOKYJIMPOBAHHBIX
pacTenuii otMeueHo B Bapuante ¢ A. baldaniorum Sp245 (10° kn./mn) na 15 u 20 cyTkn
KyJbTHBApOBaHMs. OcTallbHBIE BAPHAHTHI HE OTIIMYAIMCh OT KOHTpoJs. Ha pocT KopHeit
MIOJIOKUTETHHOE BIIMSTHUE HHOKYJISIIMA OaKTepuUsMU 0OHapykeHO Ha 20 CyTKH KyJIbTH-
BUpoBaHus. [IprueM, KOJIMYECTBO KOPHEH YBEIMYMBAIOCH B BaPHAHTE C MHOKYJISAIIMCH
A. brasilense sp7 B xonnenrpamuu 107 (Tabnuua 5.15), a uIMHA — [IPU UHOKYJIALMU
000OMMH LITaMMaMH, HO B KoHLeHnTpaiuu 10° kin./mn (Tabnuna 5.16).

Ha stame BbIcafikyi MUKpPOPACTCHHI B COCYbI C IMOYBOM OBLT JOOABIICH €IIle OJUH
BapUaHT WHOKYJIAIMH MTAMMaMH: 3aMaviBaHKE B CYCIICH3USX OAKTEpUil B KOHIICHTPAITUH
108 ki1./MI1 HENOCPECTBEHHO TIEpe]] BBICAAKOM pacTeHuii B mousy. Uepes 10 cyTok aHanu-

3UPOBATUCH MOPHOMETPUIECKHUE TTapameTpbl moderos (Tabmmra 5.17).
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Tabmuna 5.15 — Biausuue koHnenTpanuu cycrnensuu A. brasilense sp7 u

A. baldaniorum Sp245 Ha konmUecTBa KOpHEH y MEPHKIOHOB KapTodeis copra Konmop

KonngecTBo KOpHEH, IIT.
Bapuant
0 cyTku 5 cyTKu 10 cyTku 15 cytku 20 cyTkH
Kontponn 3,13 3,27 4,17 4.67 4. 77a
. 10° 3,83 3,87 3,93 4,37 4,7a
S
P 10’ 3,13 3,17 3,57 4,17 6,38b
10° 3,17 3,6 4,03 4,73 4,8a
Sp245
10’ 3,17 3,93 4,17 4,4 4,47a
Fpacr. 0,561 0,330 2,497 0,398 4,751*
HCPg,05 - - - - 1,61
[Ipumeuanue — ‘*” moka3bIBaeT JOCTOBEPHOCTh PA3JIMYUi OINBITHOTO BapHaHTa C

KOHTPOJILHBIM TIPH YpOBHE nocToBepHOCTH 95% (p < 0,05).

Tabnuna 5.16 — Baustaue koHneHTpaiuu cycrnensuu A. brasilense sp7 u

A. baldaniorum Sp245 Ha jyiMHY KOpHEH Y MEpPHKIIOHOB KapTodeis copra Konmop

JIlnvHa KopHEn, MM
Bapuant
0 cyTkmn 5 cyTku 10 cyTkn 15 cytkn 20 cyTkun
KoHnTpoib 35,5 39,33 43,8 47.43 43,97a
. 10° 39,3 39,83 39,93 41,6 51,83b
S
P 107 33,8 39,93 41,97 45,6 49,87ab
10° 31,7 38,2 38,47 46,1 55,83b
Sp245
107 33,87 36,5 41,1 40,2 49,5ab
Fopaxr. 3,492 3,036 1,196 1,112 7,561*
HCPyg 05 - - - - 7,14
[Tpumeuanue — “*” paznuuus nocroBepusl npu P = 0,05, mockonbky Fpemm =

Fmeop.; BapHUaHTLBI, COIIPOBOXKAACMBIC OAMHAKOBBIMU JIATUHCKUMHA 6YKBaMI/I, pa3inyaroT-

Csl HE3HAYMMO 10 Kputeputo [[yHkaHa.
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Tabnuna 5.17 — BausiHue HHOKYJISIITUKM MEPUKIIOHOB KapTodens copta Konmaop
cycnensueit A. brasilense sp7 u A. baldaniorum Sp245 na mopdpomeTpuieckue

napaMeTphl Ha dTalle ajanTtaiuy ex Vitro

KonnuectBo [upuna | Ilnomans
Bapuantsl onbl- | JlyimHa mo- JlnvHa -
JIACTHEB, JINCTHEB, JINCTHEB,
Ta Oera, MM CTBEB, MM )
IIT. MM MM
KouTtposs 67,40c 3,57 3,04a 2,01a 17,14a
10° 63,71bc 3,73 3,67b 2,60b 27,94c
sp7 107 32,71a 3,83 3,53ab 2,53b 26,85bc
108 63,63bc 3,49 3,37ab 2,90c 26,77bc
10° 42,06ab 3,47 3,67b 2,28ab 22,80b
Sp245 107 59,37bc 3,47 3,32ab 2,72bc 24,60b
108 52,25ab 3,47 3,93b 2,63bc 28,14c
Fopacr 4,041* 1,131 8,349* 3,336* 5,327*
HCPys 22,89 - 0,59 0,40 2,47

[Tpumeuanne — “*” paznuuus goctoBepHsl npu P = 0,05, nockonbky Fgpum =
Fineop.; BAPHAHTBI, COMPOBOXKAAEMbIE OJMHAKOBBIMU JJATUHCKUMHU OyKBaMU, pa3inyaroT-

Csl HE3HAYMMO 10 KpuTeputo /yHkaHa.

BbI10 ycTaHOBIIEHO, YTO B IByX BapHaHTaX MHOKYJsiwK mtamMmamu A. brasilense
sp7 (107) u A. baldaniorum Sp245 (10°) moGeru GbUIM CYLIECTBEHHO KOpOYe (COOTBET-
ctBeHHO Ha 51,2 u 37,6%), KOIMIeCTBO BHOBb 00pa30BaHHBIX JIMCTHEB HE Pa3INIaIOCh 110
BapUaHTaM OIbITA, HO pa3Mep JIUCTHEB B OOJIBIIMHCTBE BAPUAHTOB MHOKYJIAIIUM JTOCTO-
BEPHO YBEITHUYHBAJICS.

CyIIiecTBEeHHO YyBEIMYMBAIach IIMPUHA JMCTOBBIX IUIACTHH, a B PsAAE CIIy4aeB U
IUTHHA, 4TO TPUBEJIO K JOCTOBEPHOMY MPEBHIIICHUIO TUIOIIAH JTHUCTHEB BO BCEX OMBITHBIX
BapUAHTAX 10 CPABHEHHIO C KOHTPOJIEM. Y BEJIMUCHHE TUIOIIA/H JIMCTHEB COCTABUIIO OT 33
1o 87,5%. Bapuante! uHokysimuu A. brasilense sp7 cycniensusimu ¢ pa3HOW KOHIIEHTpa-

LIMEH KJIETOK HE pasianyaancChb MEXIY co0oi1 1o JaHHOMY ITOKa3aTeIro, a CpE€aAru BapruaHTOB
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uHokysiru A. baldaniorum Sp245 mo muromany JUCThEB BBIACIMICS BapHaHT ¢ 00pa-

OOTKOI OaKTEpUSAMH HENOCPEICTBEHHO MPH BBICA/IKE PACTEHUI B ITOYBY.

5.1.3 3aBucUMOCTH BpeMeHH HHOKYJISIHMH MUKPOPACTeHHii B KyJbTYype iNn Vitro
OT CBOWCTB 0AKTEPHAJIBHOI0 ITAMMA

A3oCIHMpHILIBI HE YTHIIM3UPYIOT CaXapo3y U3 MUTATEIbHON Cpeibl AJIsl KyJIbTUBUPO-
BaHUSI MUKPOPACTCHUIA U HE BHI3BIBAIOT KOHTAMUHAIIUIO KYJIBTYPHI iN Vitro. OnbITHBIM TTy-
TEM IMOKa3aHO, YTO MHOKYJISALUS STUMHU IITAMMaMHU MOXET 3(h(EeKTUBHO POBOAUTHCS Ha
CaMbIX paHHHX 3Tamax KyJbTHBUPOBAHHS, B TOM YHCJE MpH yepeHKoBaHuM (Ha 0 CyTKu
KYJIbTUBUPOBaHUs). i1 CpaBHEHUS ObUIM MCIIOJIb30BaHbl OaKTEpUU IITaMMa, CIIOCOOHOTO
UCIIONIb30BaTh B KauecTBE YIJICBOAOB caxapoly, a mMeHHO Ochrobactrum cytisi IPA7.2.
JlaHHbI ITaMM OBLT BBIAETIEH HEMOCPEICTBEHHO U3 KOpHEW kapTtodens copra HeBckwid,
BBIPAILIEHHOT0 B ycoBusAx CapaToBCKOM 00JIaCTH Ha KalITaHOBBIX MOYBAX, UJICHTU(DUIIM-
POBaH MOJIEKYJISIPHO-OMOJIIOTUYECKUMH METOJIaMU U JICTIOHUPOBAH B KOJUIEKIIMU PHU30-
cdepnbix Mukpoopranusmos MBOPM ®ULL CHIL PAH (http://collection.ibppm.ru/) mox
HomepoM IBPPMS544 u Bo Beepoccuiickoi KOJIEKITUHN CeTECKOX03HCTBEHHBIX MUKPOOP-
ranuzmoB BHUMCXM (http://www.arriam.spb.ru/eng/lab10/) mox nomepom RCAMO04481
[468].

Muxkpopactenusi kaptodenst copra HeBckwuii, KyJbTHBHPYEMbIE Ha MHUTATEIBHOM
cpene M-C ¢ no06aBieHueM arap-arapa 7 T/J1, HHOKyIMpoBaimu mTammamu A. brasilense
sp7 u O. cytisi IPA7.2. BaktepuasbHbie CyClieH3UU ObUTH J00ABICHBI B CPEY KYyJIbTUBH-
poBanust Mukpopactenuii (10° k1/Mi1) Ha pasHBIX 3Tanax KyJdbTUBUPOBAHHUS PACTEHMIA in
vitro: 1) B Havyasne KyJbTUBHpOBaHUs (TIpH yepeHkoBaHun) — O cyTku; 2) B CepeMHE CTa-
JIMY KyJITUBUPOBAHUS IN VItro — 15 cyTkw.

B koHIIe KyTbTUBHUPOBAHHS MHKPOPACTCHHI B yCcIoBUsX in Vitro (30 meHsp) mpowus-
BOJIWJIM ONpEZIeICHUE JUTMHBI TOOeTa U KOPHEH, a TaKKe YHCIIa Y3JI0B M KOpHEH.

Hcnonp3oBanHbie B paboTe OakTepHAIbHBIE KYJIbTYPhl pU30CPEPHBIX IMTAMMOB
00Jaat0T pa3HbIMU OMOXMMHUYECKMM CBOMCTBAMH, MPOSIBISIOIIMMUCS, B YACTHOCTH,
IpY BHECEHHE OaKTepUABHBIX KyIbTyp B cpeny M-C. lltamm A. brasilense sp7 ue BoI-

3bIBAJI IOMYTHCHHEC CPCAbLI KYJILbTHUBHUPOBAHUS paCTeHI/Iﬁ Ha BCEM IMPOTAKCHHUN OKCIIC-
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puMeHTa In Vitro. O mpuCyTCTBUM KU3HECIOCOOHBIX OaKTEpUABHBIX KIETOK Ha 15 1 30
JTHU TIOCJIe MHOKYJISIIIUM MOYKHO OBUIO CYAMTH TOJBKO B TECTEPHBIX IKCHEPUMEHTaX IO
OaxkTepuanbHOMYy 0OpacTaHUIO (pParMEHTOB KOPHEM Ha IUIOTHOW MUTATENIbHOU cpene C
UMMYHOXHUMHYECKON HAeHTU(UKALMEH KyIbTypbl. bakTepun B cBOOOHOM COCTOSIHUU
B IIUTATEJILHOU Cpesie HE OOHAPYKUBAJIUCH.

CogepiieHHO Jpyroi apdexT Habmogancs nocie BHeceHus B cpeny M-C nHOKY-
asata O. cytisi IPA7.2. BHe 3aBUCUMOCTH OT CTaJUHM Pa3BUTUS MHKPOPACTEHUH depes
CYTKHU MOCJI€ MHOKYJISILIUM BU3YaJIbHO BBISBIISUICA OAaKT€PHANIbHBIN POCT C XapaKTEpPHBIM
MOMYTHEHHEM Cpelibl KyJIbTHBHpOBaHUS. MIMMyHOXMMUYECKUMHU MeTogamu KieTku O
cytisi IPA7.2 BBIABISUIMCH M HA KOPHSIX MUKPOPACTEHHIA U B Cpe/ie KyJIbTUBUPOBAHHSI.

B cBs3u ¢ 3TUM, poAOIKEHNE padOThl OBIJIO CBA3aHO C M3YYEHHEM BIUSHUS Ha
MHUKpOpacTeHust iN Vitro 6akTepuaabHONH MHOKYIISIIUU O0OUMHU POCT-CTUMYITHPYIOITUMHE
OakTepusMU IpU OakTEepU3alMK B Pa3iIMuHbIe CPOKH UX KYJbTUBHPOBAHHUA: HA CTAIUU
yepenkoBaHus (0 CyTKH) U cepeluHbI cTaauu in Vitro (15 cyTkwn).

[Mpu wHOKYIsAIMK pu3oOakTepusiMu mramma A. brasilense sp7 mukpopacTeHuit
KapTo(ens Ha CTauK YepEeHKOBaHUs ObLIO BBISIBIEHO POCT-CTUMYJIMpYIOLIEe JeHCTBHIE
MUKpPOOPraHU3MOB Ha BCE UCCJEJOBAHHbIE MapameTpbl (Ha 64% — anuHa mobera; Ha
60% — nwHa KOopHS; Ha 33% — KOMMUYECTBO y3710B; U HAa 58% — Konmm4ecTBO KOpHEH)
(Tabmuma 5.18).

[Mpu wHOKYyMsATMM mTaMmmoM A. brasilense Sp7 wa 15 cyTku KynbTHBHpOBaHUS
MHUKpOpacTeHui KapTodess iN VItro ObLI BBISIBICH 3HAYUTEIBHO Oojiece ClIabblii pOCT-
CTUMYJUPYIOMHA 3(h(EKT: JOCTOBEPHOE YyBEIWYEHHUE HAOII0AN0Ch TOJBKO B JJIMHE
nobera (+19%) u B xonmuecTBe KopHe# (+14%) (Tabmuma 5.19).

Takum o00pa3oM, [JIs1 HMHOKYJSALMUKA MHKPOPACTEHUU POCT-CTUMYIHUPYIOIIUM
mrammom Azospirillum brasilense Sp7 namGonee ontuMalibHBIM HaMH OBLI MPU3HAH
BapHaHT ¢ BHECEHUEM OaKTepuil Ha CTaJAMH YEPEHKOBAHUS.

WHokynsiiuss MUKpopacTeHuid kaprodens in Vitro Ha cTajuu YepeHKOBaHHS
mrrammoM O cytisi IPA7.2 npuBoania K KOHTAMUHAIIMK CPEJIbl 1 HHTMOUPOBAHMIO Pas3-
BUTHS MepHUKIIOHOB. K KOHITy cTtamuu in Vitr0 HHOKYIMpOBaHHBIE MUKPOPACTEHUS Kap-

TO(bCJI}I Pa3BUBAIUCH, HO IIO MOp(i)OMCTpPI‘IﬁCKI/IM IMoKa3aTcJIsIM OTCTaBaJIkl OT CTCPHUIIb-
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HBIX (HEMHOKYJIMPOBAHHBIX) MUKpOopacTeHuil (Ha 22% — nnuHa nobera; Ha 52% — ayu-

Ha kopHs; 1 Ha 20% — xonmmyecTBO KopHe#) (Tabmwma 5.20).

Tabmuna 5.18 — Biusaue wHokysiipm mrammoM A. brasilense sp7 (0 cytkm)

Ha Mop(oMeTpudecKre MoKa3aTesid MUKpopacTeHuit kaptodesns copra HeBckuii

B KyJIBType in Vitro

JlnuHa mobGera, | JlnvuHa KOpHS, KonnuectBo KonnuectBo
Bapuant .
MM MM y3JI0B, HIT. KOpHEH, IIT.
KonTpoJib 57,50a 47,25a 7,55a 5,05a
sp’ 94,50b 75,500 10,05b 8,00b
Fopaxr. 4107,000* 2016,158* 1251,327* 3484,690*
HCPy 05 1,84 2,00 0,23 0,16

[Tpumeuanue — “*” paznuuus nocroBepusl npu P = 0,05, nockonbky Fgpemm =

Fmeop.; BapHAHTBI, COIIPOBOKAACMBIC OAMHAKOBBIMHA JIATHUHCKHUMHU 6YKBaMI/I, pa3indyaroT-

Csl HE3HAYMMO 10 KpuTepuro /[yHkaHa.

Tabmuna 5.19 — Biusaue nHokymsiiuu mrammoM A. brasilense sp7 (15 cytku)

Ha MOp(oMeTpruYecKre NoKa3aTesid MUKpopacTeHuil kaptodesns copra HeBckuid

B KyJIbTYpe In Vitro

Jlnuna mobera, | JlnvHa KOpHS, KonnuecTBo KonnuectBo
Bapuant 5
MM MM y3JIOB, IIIT. KOpHEH, IMIT.
KonTposb 89,05a 62,55 9,00 7,65a
sp’ 106,00b 64,10 9,15 8,75b
Fpacr 314,650* 1,321 0,074 33,179*
HCPyq o5 12,07 - - 0,77

[Tpumeuanue — “*” paznuuus gocroBepusl npu P = 0,05, mockonbky Fpemm =

Fineop.; BAPHAHTBI, COTIPOBOXKAAEMbIE OJMHAKOBBIMU JJATUHCKUMHU OyKBaMU, pa3inyaroT-

Csl HE3HAYMMO 10 Kputeputo [[yHkaHa.
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Tabmuna 5.20 — Bausaue nHokymsiun mrammoM O. cytisi IPA7.2 (0 cyTkn)

Ha MOphOMETPHUECKHE MTOKa3aTeIn MUKpopacTeHui kaptodens copra Heckuit

B KyJIBType in Vitro

Jlnuna mobera, | JlnuHa KopHS, KonnuectBo KonnuectBo
Bapuant 5

MM MM y3JI0B, IIT. KOpHEH, IIIT.

KonTpoib 51,00 b 4200 c 55 45hb

IPA7.2 39,67 a 20,00 a 5,3 3,6a
Fpacr. 355,480* 1970,454* 0,354 1083,597*

HCPy g5 2,10 1,5 - 0,09

[Tpumeuanne — “*” pasnuuus goctoBepHsl npu P = 0,05, nockonbky Fpum =

Fmeop.; BapHAHTBI, COIIPOBOKAACMBIC OAMHAKOBBIMH JIATUHCKHUMHU 6YKBaMI/I, pa3indyaroT-

Cs HC3HAYUMO I10 KPUTCPHUIO I[YHKaHa.

B 10 e Bpemst uHoKysius 6aktepusamu mramma O. cytisi IPA7.2 mukpopacTte-
HUl kapTtodenas B cepeauHe cTaauu IN VItr0 compoBOXKAaeTcs MPOSIBICHUEM POCT-
CTUMYJIMPYIOIINX CBOMCTB 3THX OakTepuil (Ha 34% — nnuHa mobera; Ha 7% — Konu4e-
CTBO y3710B; U Ha 16% — xonuuectBo kopHeit) (Tabmuma 5.21). EnuHcTBEHHBIM MOKa3a-
TeJIeM, JIsl KOTOPOTO OBLIO BBISBICHO JOCTOBEPHOE MHTHMOMPOBAHKE TTPH WHOKYJISAINH,
ObLIa IJIMHA KOPHS MUKpopacTeHui (-8%).

[To pe3ynmpTaTaM MPOBEACHHBIX YKCIEPHUMEHTOB MOJYKHO CHIEJIaTh BBIBOJ O TOM,
YTO POCT-CTUMYJIHPYIOIInK moTeHnuan oaxtepuid O. cytisi IPA7.2 nposBiaseTcst TOIbKO
pY MHOKYJSIUUA C(HOPMUPOBABIIMXCS MUKpOpacTeHui kaptodens. B 1o Bpems kak,
OakTepu3anys YepeHKOB KapTodeisi OTPUIIATESILHO CKa3bIBACTCS HA Pa3BUTHU MHUKPO-
pacteHuii. Bo3aM0oxHO, ObICTpOE pa3MHOXEHUE OaKTEpUil MPOBOJIUT K YCHUIICHUIO MHK-
pPOOHOTO «IaBJICHUS) HA PACTUTEIBHBIE KJIETKH, YTO HETaTUBHO BJIMSET HA (popmMupoBa-

HUE MUKPOPACTEHMSI U3 YEPEHKA.
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Tabmuna 5.21 — Bausuue uHokymstiun mrammoM O. cytisi IPA7.2 (15 cyTkn)

Ha MOop(oMeTpruIecKre TToKa3aTein MUKpopacTeHui kapToderns copra HeBckuii

B KyJIBType in Vitro

Jlnuna no6era, | Jlnuna kopusi, | KonudecTBo KonnuectBo
Bapuant .
MM MM y3JI0B, IIT. KOpHEH, MIT.
KonTtpoman 53,45a 78,50b 8,05a 7,10a
IPA7.2 7150 b 72,25a 8,60 b 8,25b
Fopacr. 3940,408* 101,400* 33,045* 31,117*
HCPyq o5 0,92 2,05 0,30 0,66

[Tpumeuanne — “*” paznuuus goctoBepHsl npu P = 0,05, nockonbky Fpum =
Fineop.; BAPHAHTBI, COMPOBOXKAAEMbIE OJMHAKOBBIMU JJATUHCKUMHU OyKBaMU, pa3inyaroT-

Cs1 HE3HAYMMO 10 Kputeputo JlyHkaHa.

OtcyTcTBHEe HeraTuBHOTO BiustHus A. brasilense sp7 Ha pacTeHus: IpH UHOKYJIA-
MY Ha CTAJIMHM YEPCHKOBAHUS MOXKET OBITh O0YCIIOBJICHO KaK HU3KOW KOHIICHTpaIuen
OaKTepHAIBHBIX KJIETOK, B CBSA3U C HECITIOCOOHOCTHIO a30CIUPUILT PA3BUBATHCS HA CPEJIe
M-C, Tak ¥ ¢ HU3KUM YPOBHEM aKTHUBAIMHM (DUTOMMMYHHBIX PEaKIIMA KJIETKAMHU a30-
CIUPHUIII, 00YCIIOBJICHHBIX OCOOCHHOCTSIMHU CTPOCHHS UX OnononumepoB [27, 224, 334].

Oco60ro BHUMaHUS 3aCTYKUBAET TOT (DAKT, YTO B IKCIIEPUMEHTAX BBISBICHO TO-
JIOXKUTENIbHOS BiMsHUE pu3oOaktepuit mramma O. cytisi IPA7.2 npu 3HAYUTEIBHOM
YBEIMYCHUH KOJIMYECTBAa OAKTEPHil B cpefie KyJIbTUBUPOBAHUS PACTCHUN TIPU UHOKYJISI-
IIUKM B CEpPeIMHE CTaauu iN Vitro. AKTUBHOE Pa3MHOKEHHE POCT-CTUMYJIMPYIOIIMX OakK-
TEpUil B cpele KyIbTUBHPOBAHUS PACTEHUH HE MPUBOJWT K MHTHOMPOBAHUIO POCTa

pacTeHui, a 1axe, Ha000pPOT, €T0 CTUMYJIUPYET.

5.1.4 Bausinue coCcTaBa NUTATEJIbHOU cpeAbl HA cO3/1aHNe U (PDYHKIIMOHUPOBaHHE
PACTUTEJIbHO-MUKPOOHBIX ACCONMALMIA TPU MUKPOKJIOHAJILHOM PA3MHOKE€HNH
B xo71e mpoBeCHHOT0 UCCIE0BaHMs ObUIO U3YYEHO BIMSHUE COCTAaBA MTUTATEIBHOM

Cperpl Ha CO3/IaHME aKTUBHO (DYHKIIMOHHMPYIOIIEH acCOMAIii MUKPOKIOHOB KapTodems
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copra Konnop ¢ 6akrepusamu A. baldaniorum Sp245 (xonuentpauus 108 kin./mi) B Kyib-
Type in Vitro. B sxcniepuMeHTe HCIob30BaIM HECKOJILKO BAPHAHTOB MUTATEIILHON Cpe-
161l M-C 6e3 TopMOHOB: 1) ¢ MOTHBIM cocTaBoM couieit o nponucu M-C, 2) ¢ yMeHb-
HIEHHBIM B 2 pa3a cojepkanuem coieil no npornucu M-C, 3) 0e3 coequHeHuil a3oTa B
coctae coiierd o nponucu M-C. Kaxaplii U3 BApUaHTOB HUCIIOIB30BAIN B TPEX KOMOU-
HaIMAX: a) )KUJIKas cpefa 6e3 arap-arapa, 0) MOTy>KUKasi cpeia ¢ CoAep>KaHUeM arap-
arapa 3,5 /1 ¥ B) TBepias cpefia ¢ cofepkanueM arap-arapa 7 r/1. KonTpoiem ciyxu-
JM CTEPUIIBHO BBIpAIllEHHbIE MUKPOPACTEHUS.

[locne WHOKYJISIUMM MUKPOYEPEHKOB KapTodens cycneHzuend Oakrepuil A.
baldaniorum Sp245 B Teuenue 20 cyTok HaOMIOAANU Tpoliecc pocra pacteHuid. Ha 5
CYTKH Ha BCEX MHKPOYEPEHKAX HauMHAJIOCh 00pa3oBaHue 1-3 KOpEHIKOB U Tporajiach B
pOCT Ma3yIHas MoYKa.

[IpoBeneHHbIE paHee HCCIENOBAHUS IMOKa3aaM, 4YTO puzocdepHble Oakrepuu A.
baldaniorum Sp245 crocoOHBI CTUMYIMPOBATh POCT MUKPOpPACTEHUH IN VItro, B epByro
odepeb, MO IMOKA3aTeIl0 MHTEHCUBHOCTHY 3aKJIaJIKu U pocta kKopHel [83]. B maHHBIX 3Kc-
NEpUMEHTaX CpaBHEHUE MOP(OIOTHUYECKUX MapaMeTPOB OMBITHBIX M KOHTPOJIBHBIX BapH-
aHTOB MOKA3aJ10, YTO 3PPEKTUBHOCTH ACCOIIMATUBHOTO B3aMMOEUCTBHUS 3aBUCUT OT YCJIO-
BUI1 KyJIbTUBHPOBAHUSI.

[To pe3ynbTaraM cpeiHUX AAHHBIX TPEX SKCIEPUMEHTOB YCTAHOBJIEHO, YTO Ha IHU-
TaTEeJILHOU cpeJie, He COAEPKAILEH UICTOUHMKHU a30Ta, KaK ¥ MPeanoaraiochk, Ha0moaaeT-
csl TIpoliecC YTHETeHUs1 pocTta MUKpodepeHKoB kaprodens. [Tocie 20 cyTok KyabTUBHPO-
BaHUS B CTEPUJIBHBIX YCIIOBHUSIX Ha TBEPAOH, MOITYKUIKON U KHUIKON cpeaax chopmupo-
Bajioch MeHee 4 y35I0B Ha 1robere JiuHoM 1-2 cMm u 3-5 kopHelt nanuHoi He Oonee 4,5 cMm
(Tabmuma 5.22).

WHOKY/ISIIMM MUKPOUYEPEHKOB KapTtodens cycrnensuenn Oaktepuii A. baldaniorum
Sp245 B 3THX YyCIOBUSIX HE MpUBEIA K CTUMYJSIIMU POCTOBBIX IpoueccoB. ONbITHBIE U
KOHTPOJIbHBIE BAPUAHTHI HE PA3IMUaIMCh IOCTOBEPHO 10 KOJIUYECTBY y3JIOB Ha rmoderax, u
10 JPYTUM IpU3HaKaM. B HEKOTOPBIX BapuaHTax HaOIIOIAI0Ch 1aXKe YMEHbILIEHHE POCTO-
BBIX MMapameTpoB. Bumimo, B ycnoBusx KyasTypsl N Vitro xietku A. baldaniorum Sp245

HE CIOCOOHBI (PUKCUPOBAThH TIOCTATOYHOE KOJUYECTBO aTMOC(HEpPHOro a3oTa, 4ToObl odec-
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MIEYUTh MOTPEOHOCTH PacTeHUsi B 3TOM AsieMeHTe. KOHCUCTEHIS cpelibl CYIIECTBEHHOTO
BJIMSIHUS HA MOKA3aTely pocTa MoOeroB He OKaszasa, TOJNbKO JUIMHA KOpHEH y moOeroB Ha
YKUJIKOU Cpejie B KOHTPOJILHOM BapHaHTe JOCTOBEPHO MPEBOCXOIMIIA JPYTUE BAPUAHTHI IO

9TOMY IIOKa3aTelIto.

Tabmuna 5.22 — Biusuue Oaxtepuii A. baldaniorum Sp245 na poct MuKpopacTeHHit

KapTodes B KyJIbType IN VItro Ha cpesie 6€3 MUHEPaIbHOTO HCTOYHUKA a30Ta

Komnnue- I Konnue- JlnmHa
JIMHA
Bapuant onbita CTBO Yy3JIOB, CTBO KO- KOpHEH,
rmo0era, MM.

IIT. HEH, IIT. MM.
besarapa | 1 urnoms 3,74 19,40¢c 3,47ab 36,81c
(Cxkuakas

cpoa) Sp245 3,17 10,34ab 3,42ab 17,41ab

Arap 3,5 /1 3,65 16,59bc 4,560 22.99h
(TTOTY KN I- KOHTPOJIb

Kas cpesia) Sp245 2,51 9,05a 2,58a 15,00a

Arap 7 r/n 3.87 14 62abc 3.50ab 17,89ab
(TBEpIAs KOHTpPOJIb

cpera) Sp245 3,09 10,22ab 2,66a 11,62a

Fpacr. 1,099 11,413* 6,114* 17,583*

HCPo g5 - 7,33 1,68 6,77

[Tpumeuanue — “*” paznuuus nocroBepusl npu P = 0,05, mockonbky Fpemm =
Fineop.; BAPHAHTBI, COTIPOBOXKAAEMbIE OJMHAKOBBIMU JJATUHCKUMHU OyKBaMU, pa3inyaroT-

Csl HE3HAYMMO 10 KpuTeputo /[yHkaHa.

Ha cpene ¢ momHbiM cocTaBoM Makpo- 1 Mukpocosnei (Tabmuua 5.23) nocroBepHbie
pazIums MeXTy OaKTepHU30BaHHBIMU U CTEPHJIBHBIMU PAacTeHUsIMU Ha 20 CyTKU KYJIBTH-

BUPOBAHUS HAOIOJATUCh IO KOJMUYECTBY Y3J10B Ha MOOEre TOJIBKO B OJHOM BapuaHTe (C
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TBEPJIOM KOHCUCTEHIIMEH Cpefibl), IO JAJIMHE 1Mo0era U KOJMYECTBY KOPHEW BO BCEX BapH-

aHTax U IO IJIMHE KOPHEHN Ha JKUJIKOW U TTOTYKUIKOHU Cpeie.

Tabnuna 5.23 — Baustaue 6akrepuii A. brasilense Sp245 na poct MukpopacTeHuit

kapTodens B KyJabType In Vitro Ha cpene Mypacure—CKkyra ¢ MOJHBIM U YMEHBIICHHBIM

(BABOE) copepKaHUEM MaKpO- U MUKPOCOJIEH MpU pa3IudHOM COJICPKAHUU arapa

Baprart omsira KomnuectBo Jnuna KommuectBo | Jlnnna xop-
y3JI0B, IIT. | moOera, MM. | KOpHEM, IIT. HSI, MM.
JKAJIKass | KOHTPOJIb 6,46 a 40,29a 4.63ab 25,08 a
cpena OIIBIT 6,91 a 56,29 c 7,17gh 45,24 bed
é HOJYXKH/I- | KOHTPOJIb 6,53 a 4787 b 5,23b 429hb
2| xan cpena | omomr 788ab | 7508fgh | 6.97fgh 54.85 ¢
= TBepJass | KOHTPOJIb 7,4 ab 51,26 bc 4.47a 44,98 bc
cpena OIIBIT 9,44 cde 62,72 d 6,63efgh 50,37 bcde
XKUAKasg | KOHTPOJb 7,17 ab 53,93 bc 5,30bc 45,44 bed
cpena OIIBIT 7,57 ab 55,27 ¢ 6,40ef 53,71 cde
Cé) HOJYXKH/I- | KOHTPOJIb 7,2 ab 54,19 bc 6,00cde 4342 Db
S| xas cpena OIIBIT 8,58 bcd 77,73 h 7,37h 51,10 bcde
TBepJas | KOHTPOJb 9,62 de 75,07 efgh 6,17de 47 .8 bcde
cpena OIIBIT 10,74 e 75,54 gh 6,37ef 54,49 de
Foaxr. 8,261* 41,328* 6,358* 14,151*
HCPo,05 1,69 8,53 0,90 10,02

[Tpumeuanue — “*” paznuuns nocroBepHsl npu P = 0,05, nockonbky Fpuam =

Fineop.; BAPHAHTBI, COTIPOBOXKAAEMbIE OJMHAKOBBIMU JJATUHCKUMHU OyKBaMU, pa3inyaroT-

Csl HE3HAYMMO 10 KpuTeputo /[yHkaHa.

Bo Bcex cimydasx BenUUMHBI MTOKa3aTenel y OaKTepu30BaHHBIX PACTEHUH MPEBbBIIIA-

JY aHAJIOTMYHBIE 3HAYEHUS] CTEPUIILHBIX PACTEHMI: MO KOJIMYECTBY y310B Ha 27,6%; 10

JUTMHE no0era Ha TBepao# cpene Ha 22,3%, Ha xuakoi cpeae Ha 39,7%, Ha MOTyKUAKON
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cpene Ha 58,8%; Mo KOJMYeCTBY KOpHEN Ha MOMYyXUAKOW cpene Ha 33,3%, Ha TBepaoii
cpene Ha 48,3% u Ha xuaKoi cpeae Ha 54,9%; 1o AMHE KOPHS Ha MOJTY>KHUJIKOW cpeJie Ha
27,9% u Ha xuakoii cpene Ha 80,4%.

Ha o0OenHeHHOM MUTaTENBbHON cpelie ¢ MOJOBUHHBIM COJEp)KaHUEM MaKpO- U MHUK-
pocosielt o mpornucu Mypacure-Ckyra y CTEpUIIbHBIX PACTEHUM B psife BapUaHTOB
HAOI0AANIOCh CTUMYJIMPOBAHUE POCTOBBIX IMPOLIECCOB MO CPAaBHEHHUIO C BapHaHTaMH C
MOJTHBIM COCTaBOM COJIEH, YTO, BO3MOXKHO, SIBJISIETCA KOMIIEHCATOPHOW peakuueil Ha
crpecc. JlocToBepHOE CTUMYIMPOBAHUE POCTOBBIX MPOLIECCOB Y MOOETroB KapTodens B pe-
3yJIbTaT€ MHOKYJISIMH UX a30COUPUILIaMHU HAOII0AAI0Ch 10 JJIMHE MTOOETOB U KOJIUYECTBY
KOpPHEH Ha MOJYXUIKOW MUATATEIbHON Cpelie COOTBETCTBEHHO Ha 43,4 u 22,8%, a Takxke
10 KOJIMYECTBY KOpHEH Ha cpejie Oe3 arap-arapa Ha 20,8%.

[lomyueHnHnble JaHHBIE TMOKa3ald, YTO TMPU HMHOKYJIAIHMA MHUKPOUEPEHKOB
kaptodens cycnensueii bakrepuii A. baldaniorum Sp245 B yciaoBHSX TOCTaTOYHOTO H
ONTUMAJILHOTO TUTaHUsl HAOIIOJIaeTCd CTUMYJIUPOBAHUE POCTAa MUKPOPACTEHUH, YTO
MPOSIBIISIETCS] B YBEJIMUEHUU B MEPBYIO Ovepeb JUIMHbI nodera (B cpenHeM Ha 40%) u
KoJu4ecTBa KopHel (B cpemHeM Ha 36%). BepositHo 3T1OT »s(dext sBasercs
CJIEJICTBHEM BBIJCJIICHUS OaKTEPUSIMU AyKCUHOB, YTO CTUMYJIUPYET 3aKJIAJKy KOpPHEU, U
ruO0epeIUIMHOB,  BBI3BIBAIOIIMX  pacTshkeHue  moberoB  0e3  (opmupoBaHus
JOTIOJTHUTENIBHBIX Y3JI0B U JTUCTHEB.

[IpeanoyTUTENBHOE MCIONIB30BAHUE TOJIYKUAKON Cpelbl C COJAEpKaHUEM arap-
arapa 3,5 1/1, MO-BUIUMOMY, CBSI3aHO C CO3JaHMEM ONTHUMAJIbHBIX YCIOBUH IUIs
oOecrieyeHus: MOABMKHOCTH a30CIHUPUILL, TO €CTh co3faHusi apdexra «poeHus» (Tak

Ha3bIBa€MOro Swa-(peHoTHMna), 4To MOBBIIIAET CTENEHb KOJIOHU3AIIMU MAaKPOCUMOUOHTA

[57].

5.1.5 CoxpannocTh 6akTepuii poga Azospirillum Ha MuUKpoKIOHAX KapTo(eist
MPHU MUKPOKJIOHAJILHOM Pa3MHOKEHUHU
bria n3yueHna ycroluuBOCTh acconuaiuii kaprodens copra Herckuit co mram-
mamu pona Azospirillum B ycioBusx in vitro. KojuteKIMOHHBIE IITAMMEI, HE PacTyIIHE

Ha Ccpcac C caxaposoﬁ, M HE BLI3BIBAIOIIUE 3apacTaHuA CpE€abl KYJIbTHUBUPOBAHUA MHK-
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popacTeHuii, ObUTM MPOAHATIM3UPOBAHBI HA POCT-CTUMYJIMPYIOULYI0 aKTUBHOCTH 1O OT-
HOIIICHHUIO K KapTodemo B yciaoBusax In Vitro. Kymeryper mrammoB A. baldaniorum
Sp245, A. brasilense Sp7, S27, SR80 u SR88 ObuIM HMCHOIB30BAHBI JJI1 WHOKYJISIIMA
KapTo(ensi ¢ MoCIeAyIOUUM KIOHAIBHBIM Pa3MHOKEHHEM MOJIYYEHHBIX MHUKpOpacTe-
HUM B TEYEHHE 5 IMOKOJICHUU. Y CTaHOBJIEHO, YTO B IPOLIECCE IMACCUPOBAHUS BCE IIATh
HITAMMOB COXPAaHSJIUCh B aCCOIMAIIMU C PACTEHUSMH B TEUEHHUE BCEro dKCIEPUMEHTA
(Pucynok 5.10). Ilocie msaToro maccaka HaOIOAAOCh oOpacTaHWe KOpHEH, wacrei
CTeOJISI U TUCTHEB. DTO MO3BOJSET MPE/IOIaraTh, YT0 OaAKTEpUH SBISIOTCS dHI0PUTA-
MU, TIEpEMENIAOTCs 0 PAaCTEHUIO B MpoIlecce KyJIbTUBUPOBAHUS B MAaccake W COXpa-

HAIOTCS B TKAHAX PACTCHUS.

S27 SR80 SR88

Pucynok 5.10 — MukpoOuosiorndeckuii TecT HaIU4uusi 0akTepuil B TKaHSIX MUKpOpacTe-
HUMN: A. — BBIpAIICHHBIX CTEPWIBHO (KOHTPOJIh); b. — HHOKyHpoBaHHBIX B 1 maccaxe

mrammamu Oaktepuii A. baldaniorum Sp245, A. brasilense Sp7, S27, SR80 u SR88

Ananu3 MOpGOMETPHUUECKUX MMaPaMETPOB PACTCHUH, WHOKYJIHUPOBAHHBIX IITAM-
moMm A. baldaniorum Sp245 B niepBoM u MATOM Hacca)kax MoKasaj, YTO OHH O0JIaJaroT
JYYIIAMH POCTOBBIMH XapaKTEPUCTUKAMH 10 CPABHEHHIO CO CTEPUIIBHO BBIPAIICHHBIMH

pactenusmu. B ycioBusx in vitro (Tabmuua 5.24) onbiTHIe pacTeHus B 1 U 5 maccaxax
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uMeInu O0JIBIIYIO UTMHY TTOOETOB IO CPABHEHHUIO ¢ KOHTPOJIEM COOTBETCTBEHHO Ha 10,7
u 8,8% u maccy no6eroB Ha 49,1 u 47,3%. KonudecTBo y3710B ObUTO OOJBIINM y WHO-

KyJIMPOBAaHHBIX pacTeHui B 1 maccaxe Ha §,7%, a KOJIMYECTBO KOPHEH — B 5 maccaxe

Ha 16,6%.

Tabnuna 5.24. — AHanu3z MophOMETPUUIECKUX MapaMETPOB B acCOLMAIUAX KapTodens

copra HeBckuii co mrammom A. baldaniorum Sp245 B ycnosusix in vitro

Bapuant JnuHa KomnuectBo | KonuuecTBo Macca
nobera, cM y3JI0B, IIT. | KOPHEW, IT. | pacTeHUs, T
KoHnTpoib 5,65a 6,87a 8,00a 0,55a
A. baldaniorum Sp245 6,26b 7,47b 8,77ab 0,82b
(1 maccax)
A. baldaniorum Sp245 6,15b 7,30ab 9,33b 0,81b
(5 maccax)
Fpaxr. 4,91* 3,42* 3,84* 27,1*
HCPyg 05 0,41 0,47 0,96 0,08

[Tpumeuanne — “*” paznuuus goctoBepHsl npu P = 0,05, nockonbky Fgpum =
Ficop.; BApUAHTBI, COMPOBOKAAEMbIE OJJUHAKOBBIMH JIATUHCKUMU OyKBaMU, pa3nyaroT-

Csl HE3HAYMMO 10 KpuTeputo /yHkaHa.

[Tocne Bricanku U BbIpamuBanus B nouse (Tabnuua 5.25) mocToBepHOE MpEBbI-
HICHHE WHOKYJIUPOBAHHBIX PACTEHUH MO CPABHEHUIO C KOHTPOJIBHBIMU HAOJI0JAIOCH T10
JnuHe nodera nocie 1 nmaccaxa kyapTuBupoBanus Ha 10,5% u 10 KOJIMUECTBY JIMCTHEB
nocie 1 u 5 maccaxeil KyJIbTUBUPOBaHUsS cOOTBETCTBEHHO Ha 13,0 u 16,4%. He ycra-
HOBJICHO JTOCTOBEPHBIX OTIWYHI KOHTPOJBHBIX U OMBITHBIX PACTEHUH MO CBHIPOH Macce
noberoB, HO mocie 1 maccaxa HaOMIOAATOCh CHUYKEHUE ChIpOM Macchl KOpHEH Ha
31,0%, a mocne 5 maccakeid pasziMuMii C KOHTPOJIEM MO JIaHHOMY IOKa3aTelllo He

Ha0JIr01aJI0Ch.
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Tabmuua 5.25. Ananu3 MophoMETpUUECKHX MapaMeTPOB B acCOIMAIUSAX KapTodes

copra HeBckwuii co mrammom A. baldaniorum Sp245 B ycioBusix ex vitro

Bapuant JnvuHa KonnuectBo Celpas Celpas
nobera, cM JUCTBEB, | Macca rmode- | Macca Kop-
IIT. IOB, T HEH, T
KonTpoib 19,0a 6,33a 6,22 1,81b
A. baldaniorum Sp245 21,0b 7,15b 6,55 1,25a
(1 maccax)
A. baldaniorum Sp245 20,1ab 7,37b 6,24 1,72b
(5 maccax)
Fopaxr. 5,59* 6,70* 0,36 6,49*
HCPy o5 1,28 0,59 - 0,35
[Tpumeuanne — “*” pasnuuus goctoBepHsl npu P = 0,05, nockonbky Fgpum =

Fineop.; BAPHAHTBI, COMPOBOXKAAEMbIE OJMHAKOBBIMU JJATUHCKUMHU OyKBaMU, pa3inyaroT-

Csl HE3HAYMMO 10 KpuTepuro /[yHkaHa.

B pesynbraTe nccinenoBanuii mokasaHo, yto 0akrepun poxa Azospirillum coxpa-
HSIOTCS B DSy IOCJIEI0BATEIbHBIX MaCCAXKeH MPU OJHOKPATHOM MHOKYIISAIINH, YTO Je-
JaeT METOJMKY CTUMYJIMPOBAHUS POCTa PACTCHUN NMPU MUKPOKIOHAJIBHOM Pa3MHOMXKE-
HUM C TPUMEHCHHEM aCCOIMATHBHBIX MHKPOOPTaHHW3MOB BBICOKO TEXHOJOTHYHOMA.
Kpome TOro, accoruupoBaHHbIE OAKTEPUH COXPAHSIOT POCTOCTHMYJIUPYIONIYIO CIIO-
COOHOCTh B OTHOIICHHH MHKPOPACTEHHUI B MPOIECCe MAaCCHPOBAHUSA U B KyJIbType in

VItro u mpu ajanTtaiu MUKPOPACTEHHUI B YCIOBHSX €X Vitro.

5.1.6 Bmmssame Azospirillum baldaniorum Sp245 na Mukpok/oHbI KapTogheas
Pa3JIMYHBIX T€eHOTUIIOB MPH MUKPOKJIOHAJBLHOM Pa3MHOKEHHHU
Hanable o ctumynupyromeM 3hdexte pu3ocPepHbIX POCT-CTUMYIUPYIOLIUX
OakTepuili Ha pocT MHKpoOpacTeHHi KapTodens B KyabType IN Vitro u ajganTaluoHHYIO

CITOCOOHOCTh MUKPOKJIOHOB Ha 3Tal¢ aganTaluydyd K YCIOBHUIM €EX Vitro B mo4Be mo3BoO-
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JWIA TIPEANOJIOKUTh BO3ZMOXHOCTh ONTHUMU3AIMKU TEXHOJOTUU TOJYYEHHS] 03/10pOB-
JICHHOTO TIOCAJ0YHOTO0 MaTepuayia kKapTtodens (MHKpO-KIyOHEH) C HCIOJIb30BAaHUEM
PGPR-6aktepuii. Jlyis mpoBepku TMIOTE3bl ObUIH TIpoBeeHbl TpexieTHue (2012-2014
IT.) UCCJIEIOBAHUS BIUSHUS aKTHUBHO (PYHKIIMOHUPYIOLIEH acCOIMAIlMd MHKPOKIOHOB
kaptodens geteipex coptoB (Hesckuii, Konmop, Pozapa u ABpopa) ¢ Gaktepusimu A.
baldaniorum Sp245 B kynbType in VIitro u oreHka BiIMsSHHS OakTepu3anuu Ha 3¢ dek-
TUBHOCTH QJIaNITAIIMY U BBIPAIIUBAHUS PACTCHUHN B YCIOBUAX €X Vitro, B TOM 4mcIie mpo-
JTYKTUBHOCTh PACTEHHM B OTKPBITOM TpyHTE. MHOKYJsAUS OakTepusMHU MPOBOINIACH
Ha 3Tane MUKPOYEPEHKOBAHUSI CYCIEH3UEW C MOJYyYEHHUEM KOHIIEHTpaluuu OaKTepuil B
npobupkax ¢ pactenusmu 10° kir./mir.

[Tocne WHOKYISIIMU MUKPOYEPEHKOB Kaptodens cycrneHsuend Oakrepuit A.
baldaniorum Sp245 B teuenue 20 cyTok HaOrOmaIM IpoIlecC pocta pacTeHuid. Ha 5
CYTKHM Ha BCEX MUKpPOUEpPEHKAaX HaYMHAJIOCh 00Opa3oBaHue 1-3 KOPEIIKOB U TPOTrajach B
pocT nasymiHas noyka. OOpa3oBaHUsS MOMYTHEHHUS BOKPYT YE€PEHKOB, OaKTEpHAIbHBIX
TJICHOK Ha IMOBEPXHOCTH CPE/Ibl UM WHBIX MPU3HAKOB KOHTAMHUHAIIUU B OTBITHBIX MPO-
OupKax He HaOIIOJAIOCh.

Ha 20 cyTku KyapTUBHpPOBaHUSA ObUIM M3MEPEHBI MOP(POJOrHYECKUEe MapaMeTphbl
OTBITHBIX M KOHTPOJBHBIX BapuaHTOB. B pesynbTare mpoBeneHus ABYX(aKTOPHOTO
JUCIIEPCUOHHOTO aHalln3a ObLJIO YCTAHOBJIEHO, YTO OaKTepU30BaHHBIE PACTEHUSI BCEX
yeThIpex copToB Ha 20 CyTKH KyJIbTUBUPOBAHUS CPOPMUPOBAIH OOJIBIIEE YUCIIO Y3JI0B
U KOpHEH MO CpaBHEHHWIO O cTepmibHbIMU moOeramu (Tabmuma 5.26). Kpome Ttoro,
OakTepu3oBaHHble pacteHus coptoB Konmop, Po3apa u HeBckuii mpeBocxoamnu cre-
PWIbHBIE U 1O CpeHEN JiuHe KopHel. Tosbko y copTa ABpopa CpeaHss JIMHA KOPHEN
OTIBITHBIX PACTEHHUI JTOCTOBEPHO HE OTINYAIACh OT KOHTPOJIHHBIX BAPUAHTOB.

[To nnuue moOera pa3iuuus MEXAY BapuaHTaMU JOCTOBEPHO HE Pa3IUYaIIUCh.
Ho ananu3 mo ¢akropy A (BiausiHue OakTepuii) moka3aj, 4YTO B CPEAHEM IO BCEM T'€HO-
TUTIaM OaKTepu3aIys OKa3bIBaeT CYIIECTBEHHOE IMOJIOKUTEIHHOE BIMUSHUE HA BCE pac-

CMOTPCHHBIC ITapaMETPhbl, B TOM YHUCJIC U HA JJIINHY roOera.



Tabauia 5.26 — Bousaue A. baldaniorum Sp245 Ha poct MEKpOpacTeHHI YeThIpeX COPTOB KapTodels B KyJIbType in Vitro

KosmuecTBo KOpHEN,
KoandecTBo y37108B, IIT. JlmuHa mooera, MM JlmrHA KOpHS, MM
IIT.
Bapuant
Copt B CpEIAHEM B CPCIHEM B CPCIHEM B CPCIHEM
OITBITA 10 BapH- 10 Bapu- 10 Bapu- 10 Bapu-
o QaxTo- no (ak- no axro- no ak-
aHTaM aHTaM aHTaM aHTaM
py A TOpYy A py A TOpy A
KOHTPOJIb 4,76a 38,53 5,16a 48.32cd
Konmop 5,43a 47,23 6,21b 51,23c
OIIBIT 6,18cd 55,92 7,25cde 54 14e
KOHTPOJIb 6,13bcd 4403 5,03a 37,32a
ABpopa 6,81d 48 44 6,18ab 39,55a
OIIBIT 7,48f 52,85 7,33de 41,78a
KOHTPOJTb 4,91a 48,58 4,80a 41,75a
Hesckuit 5,82b 51,51 5,66a 44 54b
OIIBIT 6,72de 54,43 6,52bhcde 47,33bcd
KOHTPOJIb 4,80a 66,98 4,92a 41,90a
Po3zapa 6,06¢C 69,96 6,15ab 4517b
OIIBIT 7,32¢f 72,93 7,37¢e 48,43d
B cpeasem | KOHTpPOJIb 5,94a 47,83a 5,90a 44,85a
no ¢axro-
OIIBIT 6,14b 60,73b 6,20b 45,39b
py B
Fpacr. 1O BapaHTaM 27,646* 2,266 19,243* 14,638*
HCPyg 05 10 Baprantam 0,71 - 0,90 4.69

08T
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Faaxr. PaxTop A (reHoTum) 7,862* 5,868* 12,378* 10,294*
HCPy 05 haktop A (reHoTwI) 0,12 12,59 0,14 0,37
Fpacr. paxTop B (MHOKYM5- 56,630* 2,251 43,322* 21,033*
11s1)
HCPy 05 pakTop B (nHOKY- 0,50 - 0,63 3,31
JISIITHST)
Fpaxr. B3aUMOIEHCTBHE AB 7,256* 1,080 0,784 13,025*
HCPy 05 B3aumoielicTBue 0,71 - - 4,685
AB
[Tpumeuanue — “*” paznuuus gocroBepHbl pu P = 0,05, nockonbky Fpum = Fueop.; BApHAHTBI, COMPOBOXKIAEMbIE OMHA-

KOBBIMU JTATUHCKUMH OYKBaMH, pa3IMualoTCsl HE3HAYMMO 1o kputeputo Jlynkana; dakrop A —reHotun, ¢pakrop B — nHOKymsmms

OaKTepUsIMU.

18T
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Ododexr renoruna (pakrop B) Takike ObUT CylIeCTBEHHBIM MO OOJIBIIUHCTBY TO-

Kazaresel, kpome JuHBI modera (PucyHok 5.11).

Jlmiana moGera, MM Kommiae cTBO THCTHER, IIIT.
180 16
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0 0
Konznop ABpopa HeBckwit Pozapa KoHnop ABpopa Hepckmnit Pozapa

ITnomaae nucTees Ha 1 pacTeHHH, MM?
1400

1200

1000
800
600
400
200

0

Konnop Agpopa Hepckuii Pozapa

Pucynok 5.11 — D¢ddexT renoTrna MUKpopacTeHH COPTOB KapTOo(eis Ha BIUSHUE

A. baldaniorum Sp245 B kynbType in vitro

Ha 20 cyTku KyJbTUBUPOBAHMS OBLI ONpPENENEH MUTOTUYECKUN MHIEKC KIIETOK
KOPHEBBIX MEPUCTEM MUKPOKJIOHOB KapTodesnst copta KoHIOp KOHTPOJIBHBIX U OIBIT-
HBIX BapUAHTOB. BBUIO YyCTAHOBJIEHO, YTO MUTOTHYECKUN MHIEKC MEPUCTEMATHYECKUX
KJIETOK KOpHsI OakTepH30BaHHBIX pacTeHuil Obu1 B 1,8 pasza Bbille, MO CPaBHEHUIO C
KOHTPOJIbHBIMU BapuaHTamu (PucyHok 5.12).

Ha 20 cyTku KyJ1bTUBUPOBAHUS MPOBOWIN TAKKE BBISBICHUE OaKTepUil HA KOP-
HSIX MUKPOKJIOHOB KapTodens. B MUKpoOHOIOrHueckoM TecTe ObLIO MOKa3aHo, YTO B
OMBITHBIX BapUaHTaX CErMEHThl KOPHEW MOKPBIBAIUCH OaKTEepUaTbHBIM HAJETOM Ha 3
CYTKHU KyJbTHUBHUpOBaHUs B yammkax lletpu Ha cpene MSM (Pucynok 5.13a). B ummy-
HOXMMHUYECKOW TECT-CHCTEME C HCIIOJIb30BAHMEM IITaMM-crienuuunbix antuten (Pu-
CyHOK 5.130) »Tu OakTepun ObLIM uaeHTH(UIMPOBaHBI Kak mramM A. baldaniorum

Sp245.
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MUTOTHYSCKWH UHACKC, %o
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KonTpons O1nBIT

Pucynok 5.12 — MuToTH4YeCKUI MHIEKC MEPUCTEMAaTHYECKUX KIETOK KOPHS

OaKTEepU30BaHHBIX PACTECHUMN

Pucynox 5.13 — BeisiBnenue 6akrepuii A. baldaniorum Sp245 B mukpoOuoiornaeckom
TecTe (a) 1 UMMYHOXUMHUYECKOU TecT-cucteme (0). a: 1,2,3, — cerMeHThI KOpHEeH u3 20-
CYTOYHBIX MHKPOKJIOHOB KapTodesi B KyJabType IN Vitro; 6: 1 — 3KCTpakT KOHTPOIBHBIX

Oakrtepuii; 2 — antutena; 3,4,5, — SKCTpaKThl OaKTEpUil U3 30H OOpacTaHusi KOPHEH

Ha stane Bbicagky MUKpOpPAcTEHUM B COCYJIBI C MMOYBOM B OpaHkepee ObUIH CO-
3/1aHbl JOCTATOYHO OJIArOMPUITHBIE YCIOBUS, MO3BOJISIONINE CHU3UTh CTPECC aKKJINMa-
TU3alUU. B CBSA3M ¢ 3TUM BCE pacTEHUs B TEYEHUE CYTOK ITOCIE MEPEHOCa B COCYABI C
MOYBOM BOCCTaHOBWIM Typrop. Ha 3 cyTku nosBuiMch npu3Haku (opMUPOBAHUS HOBO-
ro jmucra. IIpmwxuBaemocts coctaBuia 100%, 4To HE MO3BOJIWIO CYAUTH O BIHMSHUHU
OakTepuil Ha maHHOM dTarne. Ho nocne 10 cyTok akkiIMMaTU3alMK MEXAY OaKTepu30-
BaHHBIMU U CTEPWIbHBIMU PACTEHUSIMU HAOIOAINCh HEKOTOpbie pasnuuus (Tabmuua

5.27).



Tabauma 5.27 — Bnusuue A. baldaniorum Sp245 Ha pocT MHUKpOpacTeHHH YETBHIPEX COPTOB KapTodes Ha dTare aJanTalii K

YCIIOBUSM €X VItro

Bapuant

KomngecTBo JUCTBLCB, IIT.

Jnmuaa mobera, Mm

[Tmomans mucTheB Ha 1 pac-

2

c TEHUH, MM
opT
OIIBITA 10 BapWaH- | B CPEAHEM IO | TIO BapWaH- | B CPEHEM IO | 110 BapuaH- | B CPEIHEM TIO
Tam daktopy A Tam dakropy A Tam dakTopy A
KOHTPOJIb 11,92de 68,65a 595,50a
Konmop 13,47¢c 71,98a 663,83b
OIIBIT 15,02f 75,31a 732,15ab
KOHTPOJIb 10,98cde 96,03b 691,50ab
ABpopa 11,66b 118,84b 382,26a
OIIBIT 12,34e 141,65e 73,01ab
KOHTPOJIb 7,31a 59,90a 903,00b
Hesckuii 7,87a 62,27a 1060,5¢
OITBIT 8,42ab 64,64a 1218,00c
KOHTPOJIb 7,25a 133,40de 696,90ab
Pozapa 7,98a 133,98¢c 839,7hbc
OIIBIT 8,70bc 134,56cde 982,50bc
B cpeanem no KOHTPOJIb 9,13a 89,81a 721,72a
dakxtopy B OIIBIT 11,43b 103,75b 915,91b
Fpaxr. IO BapraHTaM 21,096* 41,786* 6,218*
HCPy 05 mo BapuanTam 1,68 15,24 272,71
Féaxr. PaxTop A (reHotum) 24,369* 13,511* 11,344*

¥8T
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HCPg 5 pakrop A (reHOTHII) 0,84 7,62 136,36
Faaxr. PaxTop B (MHOKYIISAIIMS) 39,747* 85,059* 9,470*
HCPy 5 pakrop B 1,19 10,77 192,84
(nHOKYIIATINA)
Fpacr. B3auMoOelicTBUE AB 1,353 7,937* 1,258
HCPy o5 B3aumopeiicteue AB - 15,237 -

[Tpumeuanue — “*” paznuuus gocroBepHbl pu P = 0,05, nockonbky Fpum = Feop.; BApHAHTBI, COMPOBOXKIAEMbIE OJMHA-

KOBBIMU JIATUHCKUMU OYKBaMHU, Pa3IMYarOTCs HE3HAYUMO 1o Kputepuio JlyHkana; ¢akrop A — renoturn, paktop B — uHokys-

11Ust OAKTEPUSIMH.

G81
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B vactHOCTH, y 6aKTepU30BaHHBIX pacTeHHil copToB ABpopa u Po3apa oTmedeHo
CTaTUCTUYECKHU JIOCTOBEPHOE Pa3IN4Ke B YBEIUUEHUHU KOJIMYECTBA y3JI0B U JIUCTHEB, Y
copta Konnop — anuuel nodera, a y copta HeBckuii — miom@aan JMCThEB MO CPAaBHEHUIO
C KOHTPOJIbHBIMHM BapUaHTaMH. B cpeHeM 1o BCEM I'€HOTUIIaM CO3JaHUE aCCOLMALNU
MEX]Iy paCTCHHSIMU U pru3ochepHbIMU OakTepusMu (hakTop A) CyIIeCTBEHHO IMOBBICH-
JIO CKOPOCTh POCTa MOOETOB KaK 3a CUET YBEIMYEHUS UX JIMHBI, TaK U (OPMUPOBAHUS
HOBBIX y3JI0B C JIMCTBSIMH, & TAK)KE IJIOIIAU TOBEPXHOCTH JINCTHEB.

B pesynbrate nocne 10 nHel BelpamuBaHusi MUKPOPACTEHUH B COCYIax C MOYBOU
B OpaH)Kepee HaOII0AAIOCh HE TOJIBKO BOCCTAHOBJIEHUE Typropa cTedJiei U JTUCTHEB, HO
1 (hpopMuUpOBaHUE HOBBIX 2-3 JIMUCTHEB. DTO MO3BOJIMIIO CYJIUTh O 3aBEPIICHUH MpoLecca
AKKJIMMATH3alliH PACTCHUH, MOJyUYEeHHBIX IN VILr0 K yCJIIOBUSIM BBIpPAIL[MBAHMS B ITOYBE
(ex vitro).

CpenHue 3HaYeHUs PU3HAKOB 10 T€HOTUIIaM IIPEICTaBICHbI HA PUCYHKE 5.14.

Jlanee pacTeHMs BbICA)KMBAJIM B OTKPBITHIA IT'PYHT. B HEKOHTPOIUPYEMBIX CTpec-
COBBIX YCIIOBUSIX HAOJIOanach 3HAYUTEIbHas THOENb pacTeHui oT 75 10 88%. Pe3yib-
TaThl UCCIIEAOBAHUMN MTOKA3aU, YTO OaKTEpPU30BAHHBIC PACTEHUSI HAMHOTI'O JyYllle Tepe-
HECJIM CTPECCOBOE BO3JAECHUCTBUE OKPYKAIOWIEH Cpelibl. Y BCEX UCCIEAYEMBIX T€HOTUIIOB
U B CPEJIHEM MO I'€HOTHUIIAM OKa3aTeNlb NPHKUBAEMOCTH (J10J1s1 B MPOIIEHTaX) OaKTepH-
30BaHHBIX PACTEHUN MPEBHICUII aHAJIOTMYHBIM MOKa3aTelNb ISl CTEPUIIbHBIX PACTEHUH B
1,5 pasa (Pucynok 5.15).

Pactenusi, KOTopble amanTUPOBAIKNCH K YCJIOBHUSM BBIPAIMBAHUS B OTKPHITOM
IpyHTE, MPUCTYIWIH K (POPMUPOBAHUIO HOBBIX JTUCTHEB U cTebiel. B a3y Oyronusa-
IIMM U Hayvaja [BETCHUS NPU OKOHYAHWU (OPMHUPOBAHUS BETeTAaTUBHON MaccChl Oblia
U3MepeHa IIOIab JINCTHEB PACTEHUN W YCTAHOBJIEHO CTATHCTUYECKU 3HAYMMOE Ipe-
BBIIIIEHUE ATOrO MOKa3aTess y OaKTEpU30BaHHBIX PACTEHUN 10 CPABHEHUIO C KOHTPOJIb-
HeiMH (Tabmuma 5.28). TOT GakT ycTaHOBJICH Kak Il BCEX COPTOB MO OTICIHHOCTH,

TaK U B CPCAHCM I10 I'CHOTHUIIAM.
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Tabauia 5.28 — Bousaue A. baldaniorum Sp245 Ha pocT, ypoKaiHOCTB M 3JICMEHTHBI CTPYKTYPBI ypOsKast YCTHIPEX COPTOB

KapTodens B OTKpLITOM rpyHTE (in Viv0)

[Tnomans TUCTHLEB Ha

1 pacTenuu, qm?

KonuyectBo kiryOHelH

¢ 1 pactenus, mr.

Macca kinyOHeii ¢ 1

pPaCTCHUA, KT

VYpoxaliHOCTh KITyO-

Heit, kr ¢ 1 M?

c Bapuant B Cpel- B Cpea- B Cpel- B Cpel-
opT
OTbITa 10 BapU- | HEM IO 0 Bapu- HEM 10 o Bapu- HEM [0 | TI0 Bapu- HEM TI0
aHTaMm daktopy aHTaMm bakTopy aHTaMm dbaktopy aHTaMm dakTopy
A A A A
KOHTPOJIb 5,99a 7,75a 0,32ab 2,25h
Konpgop 10,58a 9,10a 0,42a 3,48a
OTIBIT 15,16b 10,45ab 0,52cd 4,70e
KOHTPOJIb 6,78a 11,06ab 0,28ab 2,78c
ABpopa 10,65a 14,41b 0,42a 5,91ab
OTIBIT 14,52b 17,75d 0,56c¢d 9,04f
KOHTPOJIb 7,96a 6,25a 0,29a 1,55a
Hesckuii 16,98b 8,00a 0,36a 2,64a
OIIBIT 25,99h 9,75ab 0,42b 3,73d
KOHTPOJIb 6,87a 14.62¢ 0,73d 9,829
Pozapa 8,61a 15,50b 0,75b 10,41b
OTIBIT 10,35b 16,38cd 0,76d 11,00h
B cpennem KOHTPOJIb 6,90a 10,36a 0,35a 3,83a
o (akTopy OTIBIT
16,50b 13,14b 0,56b 7,12b

B

881



[Tponomxenue Tadbausr 5.28

Fpacr. IO BapaHTaM 4.013* 6,934* 9,143* 6,841*
HCPy 05 mo BapuanTam 1,10 4,588 0,22 0,51
Faaxr. PaxTOp A (renotum) 2,326 11,566* 31,254* 12,381*
HCPy 05 hakTop A (reHOTHII) - 2,29 0,23 3,01
Fpacr. pakTop B (MHOKYM5- 16,189* 6,374* 12,771* 9,365*
1)
HCPyg o5 paktop B (nHOKYIS1- 5,60 2,49 0,32 4.80
IHs1)
Fpacr. B3aIMOACHicTBHE AB 1,642 1,367 2,365 6,582*
HCPy o5 B3aumopeiicteue AB - - - 1,24

68T

[Tpumeuanue — ‘*” pasnuuus noctoBepHsl npu P = 0,05, nockonbky Fguom = Feop.; BapUaHTBI, COMPOBOXKIAEMbIE OJIMHA-
KOBBIMU JJATHHCKUMU OYKBaMHU, Pa3IHMYarOTCs HE3HAYMMO 1o kputepuio JlyHkana; ¢akrop A — renoturn, paktop B — nHoKys-

1St OaKTEPUSIMH.
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B ¢a3zy yBsimanus 60TBBI ObLIO ONpEEIeHO KOJUYECTBO KIyOHEH M WX Macca B
pacdete Ha ogHO pacteHue kaprodens (Tabmumna 5.28). [ToayueHHble maHHBIC TTOKA3a-
JM, 4TO JJIsi OOJIBIIMHCTBA T'€HOTHUIIOB, KPOME copTa ABpOpa, KOJIUYECTBO chopmupo-
BAaHHBIX KJIYOHEH y OMBITHBIX U KOHTPOJIBHBIX PACTCHHUI CYIICCTBEHHO HE Pa3INdaioch,
U B OOJIBIIICH CTCTIEHU 3aBUCENIO OT OCOOEHHOCTeH reHoTuna copta (Pucynok 5.16).
[Tpu sTom ananu3 o Qaxropy A (BiausiHue OAKTEpHil) BCe )K€ MOKas3al, 4To B CPEIHEM
10 TEHOTHUTIaM OaKTepHu3alysl MPUBOIMIIA K MTOBIIICHHUIO YHCIa KITyOHEH Ha OJTHOM pac-
tenuu (Tabmuma 5.28). ¥V Bcex ucciemyeMbIx TeHOTUIIOB (kpoMe coprta Pozapa), a Tak-
K€ B CPETHEM I10 COpTaM OaKTepHU30BaHHBIC pacTeHUs (HOPMHUPOBAIU OHOMaccy KiryO-
Hel «Macca kiryOHel ¢ 1 pacteHus», B cpeaneM Ha 40% NpeBBIILIAIONIYI0 COOTBETCTBY-
IOIUI MMOKa3aTelb KOHTPOJIbHBIX pacTeHui. [Ipu nepecuere yposkaiiHOCTh KiIyOHEH ¢ 1
M? JOCTOBEPHO yBEIMYHBAIACH IO BCEM COPTAM M B CPEIHEM IO KaXKIOMY T'€HOTHUILY

Oosee, ueM Ha 45% B pe3ynbTaTe OaKTEpU3AIMK MUKPOPACTEHUH B KyJIbType IN Vitro.,

Ilmormazs mictheB Ha 1 pacTeHnm, M2 Kommaectro kiyOneii ¢ 1 pactenus, mr.
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Pucynok 5.16 — O dexT renotuna MUKpopacTeHU cOpTOB KapTodess Ha BIUSHUE

A. baldaniorum Sp245 B otkpbITOM rpyHTE (IN VIVO)
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B nanHoil paboTte uccnenoBanoch BIMSHUE HA pacTEHUsl B3aUMOJICHCTBUI OaKTe-
puii A. baldaniorum Sp245 ¢ mukpokiaonamu kapTodens B yCIoBusix in Vitro u B mpo-
1ecce JajbHEHINEH alanTaly MOJyYCHHBIX PEreHepaHTOB K yCIOBUSAM €X Vitro. Jlmns
3TOTO MCTIOIH30BAIIOCH KOMOMHUPOBAHHE METOJ0B MUKPOOHOM KOJIOHU3AIUN U MUKPO-
KJIOHAJBHOTO pa3MHOKEHUs pacTteHwid IN Vitro. Cremyer 3aMeTUTh, YTO MHOKYJISIUS
OakTepusIMH TIPOBOJIMIIACH HE HA CTAaJIUH 3aBEPIICHUS dTala KyJIbTHBHPOBaHU IN Vitro
nepe]] BHICAIKON PacTeHUl B MOYBY, a €Il B MPOLIECCE UX KYJIbTUBUPOBAHUS B KYJIbTY-
pe in Vitro, B ycIOBHSX OTCYTCTBHS BO3MOXKHON KOHKYPCHIIMH C HEXeIaTelIbHBIMU
MUKPOOPTaHU3MaMHU, YTO CIIOCOOCTBOBAJIO 00pa30BaHUIO IPOYHON aCCOLMATUBHOM CBSI-
31 OAKTEpHii C KOPHEBOW CHCTEMOW MUKPOKIOHOB KapTodens (Pucynok 5.13).

B vactHOCTH, OBUIO MOKA3aHO, YTO a30CIUPUILIBI YCUIUBAIN MUTOTHYECKYIO aK-
TUBHOCTbH KJIETOK KOPHEBBIX MEPHCTEM MHUKPOKJIOHOB KapTtodens (Pucynok 5.12), uro
COIJIacyeTcsl ¢ JJaHHBIMM, TOJYYEHHBIMU paHee Mpu OaKTepU3aluu MPOPOCTKOB IIIIe-
HUIIBI B 9KCIIEpUMEHTaxX IN Vivo [152, 224], a Taxxke B KCIIEPUMEHTAX 10 OaKTepH3aliu
MUKPOPACTEHHI KapTOo(elis U XpU3aHTEMbI, ONIMCAHHBIX BbITIe. MOXKHO MPEATOI0KHUTD,
YTO YCUJIEHUE MUTOTUYECKOW aKTMBHOCTH KJIETOK KOPHEBBIX MEPUCTEM MHUKPOKIOHOB
KapTo(enss MpUBOAUIO K aKTUBU3AIMHA MOP(HOTEHETUIECKOW MPOTPaMMBbI Pa3BUTHS pe-
TeHEePaHTOB, YTO M HAOIIOJANIOCh MPH OIpeAeTIeHUH MOP(OIOTUYECKUX TTapamMeTpoOB
OakTepu30BaHHBIX pacTeHuil Ha 20 cyTku KynbtuBupoBanus (Tabmuma 5.26). Cnemyer
OTMETHUTH TaKKe, YTO MOJIyICHHbIE HAMU JaHHBIE COTJIACYIOTCS C Pe3yabTaTaMH paOOTHI
[24], Taxke MOCBSICHHOW CO3/IaHUIO M U3YYCHHIO aKTUBHO ()YHKIIMOHUPYIOIIUX Pac-
TUTEILHO-MUKPOOHBIX aCCOLMAIMI C y4acTHEM a30CIUPWLT B KyJIbType in vitro. B
YAaCTHOCTH, 10 JIAaHHBIM [24] MHOKYJIALMS MUKPOKIOHOB KapTodens OakrepusMu poja
Azospirillum mpuBoHIa K TOBBIIIEHHUIO HHTCHCUBHOCTH pa3BUTHs 100eroB B 1,5-2 pa-
3a U KOpHeu B 2-2,5 pasa. [lo maHHBIM NMPOBEIECHHBIX KCHEPUMEHTOB, TEMIIBI POCTA
pacTeHu, WHOKYJIMPOBAHHBIX OAaKTEPUSAMHU, TaKXKe YBEIMYMBAIUCH 1O CPAaBHEHUIO C
KOHTPOJIbHBIMU BapuaHTaMu. B yacTHOCTH, OaKTepu30BaHHBIE PACTEHUS OTIMYAINUCH

0oJee pa3BUTOM KOPHEBOM CHCTEMOM ¢ OOJBIINM KOJU4YecTBOM Touek pocta (Tabmuna

5.26).
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B otnuunu ot pabotsl [24] uccienoanue BiusHus OakTepuii poma Azospirillum
OBUTIO PACHIMPEHO Ha POCT Pa3IMUHBIX T'CHOTHIIOB KapTodels B KylIbType IN VItro u
OLICHCHA WX aJalTallysl K YCIOBHUSIM €X Vitro.

B pesynbrare 6akTepu3aryu in Vitro Ha ciaeayromneM 3Tare U3 KyJbTypbl B TIOYBY
OBUTH BBIC2XKEHBI HECTEPIIIbHBIC PACTEHUS, @ AKTUBHO (DYHKITMOHUPYIOIIAsl CTa0MIIbHAS
acCcollMaTUBHAS CUCTEMa «pacTeHHWE — MHKpoopraHu3m». [lo TmodydeHHBIM TaHHBIM
pacTeHusi KapTodens JOCTaATOYHO YCTEIIHO NMEPEHECIH BBICAIKy B TPYHT B KOHTPOJIH-
PYEMBIX YCIOBHSX OopaHyepeH. [Ipu 3TOM B KECTKUX CTPECCOBBIX YCIOBHUSX MOCIE BbI-
CaJKd B OTKPBITBIN TPYHT MPH 3HAYUTEIBHOM KOJICOAHWU CYTOYHBIX TEMIIepaTyp, Cy-
IIICCTBEHHOM CHIDKCHHH BJIQKHOCTH BO3/IyXa U MOBBINICHHOW WHTEHCHBHOCTH COJIHEY-
HOTO cBeTa 3PdekT OakTepu3aluu MPOSIBUJIICS B 3HaYuTENbHOU cTeneHu (Pucynox
5.15). Ilo-Bunumomy, pa3BeTBICHHAsI KOpPHEBas cUCTeMa OaKTEPU30BAHHBIX PACTCHUMN
MO3BOJIMJIA UM OBICTpEE YKOPEHUTHCS M OOeCnedHuTh ce0si BOJAOW UM MHUHEPATbHBIMU
KOMITOHEHTaMHU.

Kpome pocT-cTUMyupyomero 1eiCcTBHsI HEKOTOPBIC IITaMMBbI OAIMIII, METHIIO-
OaKTepuil U MCEeBIOMOHA/ OKa3bIBAIOT BIUSHUE HA (POPMUPOBAHUE YCTOWYMBOCTH pac-
TeHUH K crpeccoBbM (pakTopam [20, 157]. M3BecTHO, uto Gakrepum A. baldaniorum
Sp245 noBHIIIAIOT YCTONYMBOCTH MIIEHUITBI K OCMOTHYECKOMY CTPECCY, YIIydIlasi CIIo-
COOHOCTB K TOTJIOIIEHUIO BOJIBI U AJIEMEHTOB MTUTAHUS, & TAKXKE CIIOCOOCTBYIOT (POpMU-
POBaHHIO KOPHEBBIX BOJIOCKOB Y TOMata [212].

[IpeanonoxuTensHo, KPOME POCT-CTUMYJIHUPYIONIETO JEeUCTBHS, a30CHUPHILILI,
TaK)ke KaK METHJIOOAKTEPHH W TICEBIOMOHABI, CIIOCOOHBI MHAYIIUPOBAThH Y IOJTYUYCH-
HBIX PETCHEPAHTOB KapTodeisi CHCTEMHYI0 YCTOMYMBOCTh K CTPECCOBBIM (hakTopam. B
HKCIIEPUMEHTaxX OaKTepU30BaHHBIC PACTCHHS OBICTpEe MEPEIIN Ha CTAIUI0 BEreTaTHB-
HOTO pOCTa 3a CYET IIOBBIINICHHOW aJanTalldOHHONW CIHOCOOHOCTH, C(HOPMHPOBATIU
OOJBITIee YHCIIO JTUCTHEB C YBEIIMUYEHHOM TII0ma s nosepxHoctu (Tabnuma 5.27). bo-
Jee pa3BUTas ACCUMIUISIIMOHHAS TOBEPXHOCTh JIUCTHEB TO3BOJIMJIA CHHTE3MPOBATH
OoJbIliee KOJIMYECTBO OPTaHMYECKHUX BEHIECTB. Pe3ynbTaThl AKCIIEPHUMEHTOB MOKAa3alH,
YTO CYIIECTBEHHOTO BIUSHUS Ha 3aKJIAJKy KIyOHEH OaKTepuu MPaKTUYSCKH HE OKa3bl-

Banu. [Ipu 3ToM Macca kiryOHEH y ONBITHBIX PacTEHUH CYIIECTBEHHO YBEIUYHIIACH IO
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CpaBHEHHIO ¢ KOHTpobHBIMU (Tabmuma 5.28). CrnenoBatelibHO, MOBBIIICHUE aallTallu-
OHHOM CTIOCOOHOCTH PACTCHHI B aCCOIMAIMH C OAKTEPUSIMHU HE TOJIBKO TTO3BOJIMIIO TT0-

BBICUTBH UX IIPUKXKHNBACMOCTDb, HO IIPHUBCJIO TAKKC K YBCIIMYCHUIO ypOH(aﬁHOCTH KHY6Heﬁ

(Tabmwuma 5.28).

5.1.7 3yuyeHue OTBETHBIX PeaKUMi pacTeHU HA HHOKYJISIHIO YUCTHIMHU
KyJbTYpaMH 0aKTepuid U KO-WHOKYJIAIUIO ABYMS IITAMMAMHU OaKTepuid
Pa3IHYHBIX TAKCOHOMHYECKUX TPy

B cepun sxcnieprMeHTOB, ONMMCAHHBIX BBIIIE, OBUIO MOKA3aHO, YTO YHUCTHIE KYJIb-
TYpBl acCOIMATUBHBIX pu3obaktepuit A. baldaniorum Sp245 u O. cytisi IPA7.2. o6ina-
Jal0T CIIOCOOHOCTBIO CTHMYJIHPOBATh POCT MHKpOpacTeHHH KapTodess B yCIoBHsAX IN
vitro u ex vitro [341, 468]. HekoTopsie aBTOpBI OTMEUAIOT, YTO COBMECTHAsI HHOKYJISI-
Usl paCTeHUN IByMs U OoJiee ITaMMaMu pU30CHEPHBIX CTUMYIUPYIOIINX POCT pacTe-
Huit 6akrepuit (PGPR) moxer ObiTh Oosiee 7 (PEeKTUBHON MO CPAaBHEHUIO C YHUCTHIMU
kyneTypamu [357]. Tlpyu WHOKYJIALMK KOHCOPIIMYMAaMH INTAMMOB Ba)KHO YYHTHIBATH
COBMECTHMOCTh OakTepuabHbIX KyabTyp [133]. B crneayrorieii cepuu sKCIiepuMEHTOB
U3y4YaIuCh accoruanmu kaprodens copta HeBckuit ¢ GakTepranbHBIMU IITAMMAMH 1O
OTJEIBHOCTH ¥ COBMECTHO JIBYMSI IITAMMAMH PU300aKTEpUi Pa3IMUHBIX TAKCOHOMUYE-
CKHUX TPYIII B YCIOBUSAX IN Vitro.

Komnexknmonnsie mrammer A. baldaniorum Sp245 u O. cytisi IPA7.2 6blu uc-
MOJIB30BAHbI 11 MHOKYJsuK Kaptodens (Solanum tuberosum L.) copra Hesckwuii.
PacTenunii KynbTHBHPOBAIM B CTEPWIBHBIX YCIOBUAX (KOHTPOIb), HWHOKYJIHPOBAIU
mrrammoM A. baldaniorum Sp245 npu yepenkoBanuu wiu mtammom O. cytisi IPA7.2 na
14 cyTku mociie YepeHKOBaHUS, WM KOMHOKYJIUpoBain obommu mrtammamu A. bal-
daniorum Sp245 npu yepenkoanuu u O. cytisi IPA7.2 Ha 14 cyTku mociie 4epeHKOBa-
Hus. KynbTHBHpOBaHHE MHUKpPOpAcTeHHH iN VItro mpoBOAMIOCH MO OMHMCAHHOW BBIIIE
meronuke 30 CyTOK B ycioBusX IN Vitro u emie 30 cyTok ex VIitro B cocyaax ¢ mo4Boii.

PesynbraThl MOp(HOMETPHUECKOTO aHaIM3a PacTeHUH B KyJabType In Vvitro (Tao-
mna 5.29) nokaspIBarOT JOCTOBEPHOE CTUMYJIHMPOBAHUE POCTA MUKPOPACTEHUH pHU30-

C(bCpHI)IMI/I mrTaMMaMM 110 OTACJIIBHOCTH U COBMCCTHO 110 CPAaBHCHHUIO C KOHTPOJICM.
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Ta6nuna 5.29. — Ananu3z MophoMETpUIECKUX MapaMETPOB B acCOLMAIUAX KapTodes

copra HeBckuii co mrammamu A. baldaniorum Sp245 u O. cytisi IPA7.2 B ycnoBusix

in vitro
Juna mo6e- | KomnvectBo | KommdectBo Macca
Bapuant
ra, CM y3JIOB, IIIT. KOpPHEHW, IT. | pPacTEeHUu, I
Kontpoin 5,65a 6,87a 8,00a 0,55a
A. baldaniorum
6,26b 7,47b 8,77ab 0,82c
Sp245
O. cytisi IPAT.2 6,58b 7,83b 9,73bc 0,79bc
A. baldaniorum
Sp245 + O. cytisi 7,56¢ 7,63b 9,93c 0,71b
IPA7.2
Fdaxkr. 16,86* 4,87* 4,76* 12,62*
HCPy g5 0,48 0,46 1,00 0,09
[Tpumeuanne — “*” pasnuuus goctoBepHsl npu P = 0,05, mockonbky Fgpum =

Fmeop.; BapHUaHTBI, COIIPOBOKIAACMBIC OANHAKOBBIMU JIATUHCKUMHA 6yKBaMI/I, pas3jimyaroT-

Csl HE3HAYMMO 10 KpuTeputo /[yHkaHa.

[lo moka3arenmto anuHa moOera YCTAHOBJIEHO CTUMYJIMpYHOIIEe AEHCTBHE IO
CpaBHEHHIO ¢ KOHTpoJsieM mramMma A. baldaniorum Sp245 na 10,8%, mramma O. cytisi
IPA7.2 na 16,5%, a AByX mTaMMOB OJHOBPEMEHHO Ha 33,8, YTO CYLIECTBEHHO NPEBHI-
1IaeT JEHCTBUE KaXJA0ro MITaMMa M0 OTAEIbHOCTH. [10 KOMYecTBy y3710B HHOKYJIHPO-
BaHHbBIE PACTEHUs MPEBBIIIATN KOHTPOJIbHbBIE B IPUMEPHO PABHON CTETEHH BO BCEX Ba-
puaHTax MHOKyJsauuu Ha 8,7-14,0%. KonuyecTBO KOpHEW Ha pacTEHUsAX yBEIWYUBa-
JIOCh B BapuaHTax ¢ MHOKYyJsiuer mrammom O. cytisi IPA7.2 na 21,6% U COBMECTHO
mrammamu A, baldaniorum Sp245 u O. cytisi IPA7.2 na 24,1%. Bce nHOKy TMpOBaHHBIC
pacTeHus UMeNn OOJIBIITYI0 MacCy PacTEeHWM MO CpaBHEHHWIO ¢ KoHTposiem Ha 49,1 (A.
baldaniorum Sp245), 43,6 (O. cytisi IPA7.2) u 29,1% (A. baldaniorum Sp245 + O.
cytisi IPA7.2).
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[Tocne Bbicaaky U BbIpamuBanus pacteHuil B mouse (Tabmuua 5.30) Obutn mosy-
YEHBI CIEAYIOMINE PEe3yJbTaThl MOP(POMETPUUECKOTO aHanu3a. NHOKyIsIuUs ITaMMOM
A. baldaniorum Sp245npuBoauia Kk (GopMHpPOBaHHIO 00Jice BBICOKMX PACTCHHH I10
CPaBHEHHMIO C KOHTpoJieM Ha 26,4% 1 ¢ OOJBIIUM KOJIUYeCTBOM JUCTheB Hal3,0%, HO ¢
MeHbIIeH cyxoi Maccoi moderoB Ha 17,1% npu paBHOW ¢ KOHTPOJIEM Macce KOpHEH.
Wuokymsius mrammom O. cytisi IPA7.2 npuBoauiia K aHaJTOTHYHBIM JTaHHBIM: MUKPO-
pacTeHus MPEBBIIIAIN KOHTPOJIb 10 JAJinHE odera Ha 17,9%, no KoiIn4ecTBy JIUCTHEB —
Ha 21,2% u ObLIM MEHBIIIE 10 CyXOH Macce MoOeroB U KOpHEil COOTBETCTBEHHO Ha 23,3
u 26,9%. KonHoKynupoBaHue OJHOBPEMEHHO ABYMsI IITAMMAMH MPUBOAWIO K POpMU-
POBAHUIO pacTeHUil ¢ MeHblIel nnuHo noberos (Ha 11,1% mo cpaBHEHHUIO ¢ KOHTpPO-
JeM), HO ¢ OOJIBIIIUM KOJIMYECTBOM JIMCThEB (Ha 15,8%) u cyxoif maccoil kopHell (Ha

34,1%).

Tabmuna 5.30. — AHanu3 MoppoMEeTpUIECKUX TTapaMeTPOB B accOlMALUIX KapTodems

copra HeBckuii co mrammamu A. baldaniorum Sp245 u O. cytisi IPA7.2 B ycnoBusix

ex vitro
| K | |

KoHTpois 19,0b 6,33a 0,617bc 0,182b

A. baldaniorum Sp245 21,1c 7,15b 0,527ab 0,172b

O. cytisi IPAT.2 22,4c 7,67b 0,473a 0,133a

A. baldaniorum Sp245

+ O. cytisi IPA7.2 16,9a 7,33b 0,662c 0,244c
Fdaxkr. 17,19* 4,50* 13,856* 22,4*
HCPy 05 1,42 0,66 0,079 0,031

[Tpumeuanue — “*” paznuuus nocrosepHsl npu P = 0,05, nockonbky Fpuam =
Fineop.; BAPHAHTBI, COTIPOBOXKAAEMbIE OJMHAKOBBIMU JJATUHCKUMHU OyKBaMU, pa3inyaroT-

Csl HE3HAYMMO 10 Kputeputo [[yHkaHa.

O dexT Ko-MHOKYIAMU MUKpOpacTeHuit kapTodens copra HeBckuii B KynbType
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in vitro omHoBpemMenHo nByMs mrammamu A. baldaniorum Sp245 u O. cytisi [IPA7.2 B
IICJIOM COOTBETCTBOBAN JACHCTBUIO KaXKIOTO IITaMMa PU30C(PEPHBIX OaKTEpUil MO OT-
nenbHOCTH. He yCcTaHOBJICHO aHTarOHMCTHYECKOTO JCUCTBHUS ImTaMMoB. CuHepruye-
ckuil d(PGHEeKT KOMHOKYJISAINK HAOMIOAAJICS TOJBKO MO IMOKa3aTeio JIMHBI modera B
KyJIbTYype In Vitro.

Kpome Toro, usydanace nHOKyJIsims mrammoM A. baldaniorum Sp245 cosmect-

HO ¢ mrtammamu Enterobacter cloacae K7 n Kocuria rosea T1Ks19 (Tabmuma 5.31).

Tabnumna 5.31. — AHanu3 MOp(HOMETPUUYECKUX MapaMETPOB B ACCOLMALIUAX KapTOQes
copta HeBckwmii co mrrammamu A. baldaniorum Sp245, O. cytisi IPA7.2, E. cloacae K7

u K. rosea T1Ks19 B ycnoBusx in vitro

Jmuna KomuuectBo| Jlnuna | Ceipas macca Cyxas macca

Bapuant nodera,| y3J0B Ha | KOpHEH, |1mobera, |[KopHeH, | mobera, [KOpHEH,
cM |moOere, mIT.| CM r r r r
KonTposnb 6,59a 6,79c 462a | 1,93a | 0,84a | 0,28 | 0,12a

A. baldaniorum Sp
245+ O. cytisi 8,38bc | 4,32a 4,07a | 2,44a | 0,67a | 0,37 | 0,12a
IPA7.2

A. baldaniorum
Sp245+ E. cloacae | 8,86¢C 4,01a 401a | 2,49 | 0,60a | 0,32 | 0,10a
K7

A. baldaniorum
Sp245+ K. rosea | 7,52ab 5,60b 5,60b | 3,16b | 1,62b | 0,33 | 0,16b

Ks19
Fpaxr. 8,580* | 23,558 12,825 | 6,945 | 22,507 | 0,885 | 8,220
HCP g5 1,02 0,77 0,606 0,56 0,29 - 0,02

[Tpumeuanne — “*” paznuuus goctoBepHsl npu P = 0,05, nockonbky Fpum =
Ficop.; BApUAHTBI, CONPOBOKAAEMbIE OJJUHAKOBBIMU JIATUHCKUMU OyKBaMU, pa3jInyaroT-

Csl HE3HAYMMO 10 Kputeputo [[yHkaHa.
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Pactenus copra HeBckuil KyJbTHBHPOBAIU B CTEPUIIBHBIX YCIOBHSIX (KOHTPOJIB),
uHOKyympoBaiu mrammoMm A. baldaniorum Sp245 u K. rosea T1Ks19 npu depeHkoBa-
HuM, a Takke A. baldaniorum Sp245 npu yepenkoBanuu u mrammoM O. cytisi IPA7.2
w E. cloacae K7 Ha 14 cytkm nocie yepenkoBanus. KybTHBHpOBaHUE MUKpPOpACTE-
HUI IN VIIr0 mpoBOIWIIOCH MO OMMCAHHOW BhIlIe MeToauke 30 CYTOK B YCIOBHSX IN
vitro.

MaxkcuMaabHBIA MOJTOKUTENbHBIN 3((EKT 0T KO-MHOKYISIIIUH MUKpPOPACTEHUIA
kaptodens B KyJabType IN Vitro Habmogamu B Bapuante A. baldaniorum Sp245 + K.
rosea T1Ks19. ¥V Gakrepu30BaHHBIX PACTEHUH 110 CPABHEHHUIO C KOHTPOJbHBIMU JIJTUHA
KOpHEN yBennunBaiach Ha 21,2%, a macca kopHen coipas B 1,9 pasza, cyxas — Ha 33,3%.
[Tpu 3TOM JTMiHA TIOOETa OCcTaBajgach Ha YPOBHE KOHTPOJIS, a KOJMYECTBO y3JI0B Ha TO-
oere naxe cHuxainoch Ha 17,5%, xoTs macca mobera ceipasi Obuta 0oJibllle, YeM B KOH-
Tpouie B 1,6 paza.

B Bapuanrtax xo-uHokymsnuu A. baldaniorum Sp245 + O. cytisi IPA7.2 u A. bal-
daniorum Sp245 + E cloacae K7 Ha6mogamochk JOCTOBEPHOE CTUMYJIMPOBAHUE PACTSI-
eHus nobera coorBercTBeHHO Ha 27,2 u 34,4% npu OAHOBPEMEHHOM YMEHBIIICHUU
Yyucia y3J10B Ha mobere cooTBeTcTBEHHO Ha 36,4 1 40,9%.

HccnenoBanus moka3aid, 4TO JJIsi CTUMYJIMPOBAHUS POCTa MUKPOPACTCHUN Kap-
Toesnst B yCiIoBUAX IN VItro u ex Vitro MoryT ObITh UCIOJIB30BAHbI ACCOIMATUBHBIC PH-
300akTepun A. baldaniorum Sp245 [341]. CnocoOHOCTh OakTepmii poma Azospirillum
CTHMYJIHPOBATh POCT M MPOAYKTHBHOCTH KapTOQEIsi, B TOM YHCIE B CUCTEME MPOH3-
BOJICTBA CEMsH, XOpoIiio u3BectHa [228, 468]. ITpu stom [545] mokasano, uro 3ddek-
TUBHOCTh NMPUMCHEHHS STHUX OaKTEpHi BBIIIC B ONTHMAJIbHBIX YCIOBHAX IN VItrO, HO
CHIDKAETCSl Ha dTare BBIPAIMBAHUS PACTCHHUM B ToJie. Pe3ylbTarhl JaHHOTO UCCIIEIO-
BaHUs TAaK)Ke IMOKA3bIBAIOT, YTO MHOKYJISAIMSA YUCTON KyibTypoi A. baldaniorum Sp245
10 CPaBHEHHIO C OCTAJILHBIMH BapHaHTaMH OOpaOOTKH CTUMYJIUpPOBajia POCT MHKPO-
pactenuit copra HeBckuii B onTUMalbHBIX YCIOBHSIX IN Vitro, ex vitro m B mouse.
[Itamm A. baldaniorum Sp245 6bi1 BeinesaeH u3 kopHed mmenuipl [303] u sBaseTcs
MOJICJIPHBIM JUIS MHOTHX HCCIeoBaHUN. 1o maHHBIM MPOBEIECHHBIX HMCCIICAOBAHUN

O9TOT IITAMM O6J'Ia,IIaCT BBICOKOM CITOCOOHOCTBIO K IMPpOU3BOACTBY I'OPMOHA MHAOJIUITYK-
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CYCHOW KHCIJIOTBI, YTO OOBSICHSIET €r0 CTUMYJIMPYIOIEe BIUSIHUE HA KOPHU MUKpOpac-
TeHui [468].

[tamm O. cytisi IPA7.2, BbIfe/IEHHBIH HEIOCPESACTBEHHO U3 KOPHEH KapTodes
U SBJISIONIMICS a0opUTreHHBIM 11 TouB CapaToBCKOM 001acTH, ABIsieTcs 0ojee yCTou-
YUBBIM K CTPECCOBBIM BO3JCHCTBHSIM, 4YeM aszocnupriuibl [468]. OH BbLIEpKHBacT
OompIIMe KoJaeOaHusl TeMIEpaTyphl, COJAEPKAHUS COJIU U TePOUIUIO0B, UTO OOBSICHIET
€ro CIoCOOHOCTH 3AIUIIATH PACTEHUS OT CTPEcca, B TOM YHUCIIE OCMOTUYECKOTO [247].

KomMOuHupoBaHue pa3HBIX MITAMMOB, B TOM YHCIIE a30CIUPHILI C IPYTUMU MUK-
pPOCUMOHMOHTaMH, NIl MHOKYJISIIMU PACTEHUN CUMTAETCS NEPCHEKTUBHBIM OJarogaps
BO3MOYKHOMY CHHEpreTuueckomy 3¢Q¢exkTy u Ooibliedl yCTOMYMBOCTH MHOTOKOMIIO-
HeHTHOM cucteMbl [482, 593]. Ho npu MCmosb30BaHUK KO-WHOKYIISIIMK BaXKHOE 3HAUC-
HUE UMEET COBMECTUMOCTD Pa3HbIX IITAMMOB, UX CIIOCOOHOCTb COXPAHATHCA Ha pacTe-
HUU OJHOBPEMEHHO U HE BBI3bIBATh AHTOTOHUCTHYECKUX MPOsiBIIeHUN. I (HEKTUBHOCTH
OaKTepu3aly 3aBUCUT OT I'€HOTHIA PACTCHUS, dTara Pa3BUTHs, BHEITHUX U BHYTPEH-

HUX yclioBui [246].

5.1.8 MexaHu3Mbl BJIUSIHUS a30CHUPHUIT HA MUKPOKJIOHBI KapTo(es
NP HHOKYJHPOBAHUU N Vitro
5.1.8.1 U3MeHeHHE TOPMOHAIBHOIO CTATYCA

BrisiBiieHHbIe 2P PEKTHl pU300aKTEpHl HA MHUKPOPACTEHHS B KyJbType In Vitro
MOTYT OMNpPEACNATHCA Pa3IUUYHBIMU (PakTOpamMu BIUSHUSA. XOPOIIO HM3BECTHO, YTO
PGPR-0akTepun HE TOJNBKO YJIY4YIIUTh YCIOBHSI MUTAHUS PACTEHUM, HO TAKKE H3Me-
HUTb TOPMOHAJIbHBIN OanaHc, BbI3BaTh (DUTOMMMYHHBIE PEaKlUU, CTUMYJIUPOBATh aH-
TUOKCUJAHTHYIO CHUCTEMY U BBIPAaOOTKY CHEIU(PUUYECKHMX KOMIIOHEHTOB (CTPECCOBBIX
O€JIKOB, OCMOJINTUKOB, KaJJIO3bl, JINTHUHA U IPYTUX BEUIECTB).

JIist u3yueHus BIUSHUA OakTepuil Ha OaJlaHC TOPMOHOB B PACTEHUSX KapTodens
B ®I'bYH VYdumckuii uacturyt 6uonorun YDOUIL[ PAH Osina npoBeneHa oreHka co-
nepxanus UYK, ABK, 3eatuna, N6-u3onenrenunaaenosuna (UI1A) B MukpopacTeHH-
AX W MUATaTEIbHOM cpelbl Ha 5 CYyTKU Nociie MHOKyIupoBaHus. CoepkaHue TOpMOHOB

B BOAHOM OCTAaTKE€, MMOJYYCHHOM I10CJIC OKCTPAKIIMHU T'OPMOHOB U3 PACTHTCIIbHOI'O MAaTc-
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puana 80 % 3TaHONOM U yHnapuBaHHs CHOUPTA, AaHAIU3UPOBAIM IOCIIE UX PA3JICIICHUS U
ounctku. YK u ABK ouniiianu ¢ momMouisio 3KCTpaKkIui B IUATHIIOBRIHN 3¢dup (mpu pH
2-3), nocneayriei sxkctpauuu B 1 % rugpokapOoHAT HATpUsi M1 BTOPUUHOM PEdKC-
TPaKIUHU STUIIOBBIM 3(UPOM U3 MOAKUCICHHOTO (COostHOM KucnoToit 1o pH 2-3) BogHO-
ro SKCTPAKTa C yMEHbIIIEHHEM 00beMa Ha KaXI0M CTaIUHU SKCTPAKIIUU U PEIKCTPAKIINH,
4yTO 00€CIeurBalI0 YMEHbIIIEHHE 00beMa U OCBOOOXKIECHUE DKCTPAKTA OT YACTHU COITYT-
CTByIOIIHX coeanHeHui [446]. [IMTOKMHUHBI U3 BOJHOTO OCTaTKa KOHIICHTPHPOBAIN HA
kaptpumke C-18 (Waters, USA), pasznensiii ¢ TOMOIIBI0 TOHKOCIOWHON XpoMaTorpa-
¢un, kak onricano [119] u B amoare U3 30H, COOTBETCTBYIOIIUX IMOJIOKECHUIO METUUKOB,
OINPEENSUIA TPOU3BOAHBIE 3€aTHHA M M30NEHTEHWIaIeHNHA (CBOOOJHBIE OCHOBAaHUS U
ux puOO03ubl) C IOMOIIbIO AHTUTEN K pUOO3UAY 3€aTHHA U M30NEHTEHUJIAICHO3UHY,
Kak onucano [577]. HaxexxHocTh MeTOa OblIa MOATBEPIKICHA CPAaBHEHUEM €€ Pe3yilb-
TaTOB C JAHHBIMM, IIOJy4eHHbIMM ¢ mnomompro BOXX B coueranum c Macc-
ciekTpometpueii [119, 577].

AHanu3 nuTaTeNbHON Cpeabl M pacCTeHUH B MpoLecce KyJIbTUBUPOBAHUS C OaKTe-
pUSMH TIOKa3aj, 4TO B MPOIECCE JKU3HENEATEIbHOCTH OaKTEpUU BBIACISUIA B KYJIbTY-
PANbHYIO KUIKOCTh (PUTOTOPMOHBI. M3 M3ydeHHBIX (PUTOTOPMOHOB B KYJIbTYpaJIbHON

KHUJIKOCTH OakTepuii Hanbosee Bhicokol Oblia KoHteHTpanus MYK (Tabmuna 5.32).

Tabnumna 5.32 — CopepxaHue WHAOMMI-3-YKCYCHOW KHUCIOTHI (HT/MII KyJIbTYypadbHOU

KUJKOCTH) B UTATENbHOU cpene mociie 36 u 102 yacoB KyJIbTUBUPOBAaHUS OaKTEpUid,

HI/MII
ITponomKUTENBHOCTD KYJIbTUBUPOBAHHUS, Yac.
[lItamm OakTepuii
36 102
O. cytisi IPA7.2 6,3 12,1
A. baldaniorum Sp245 9,7 192.,4

Conepxxanne YK Bo3pacTano B mpolecce KyJIbTUBUPOBAaHUS BO BCEX BapHaH-
taXx. OcobenHo aktuBHO cuHTesupoBaiu MYK A. baldaniorum Sp245, coamepxanue

rOpMOHa BO3pociio B nepuos ¢ 36 no 102 cytku kynapTuBHpoBaHus noutu B 20 pa3. [{u-
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tokuHuHbl U1 ABK conepkanuch B clie1oBbIX KonuuecTBax (1-2 HI/Mi), U UX coaepxka-
HUE B Cpe/ie HE MECHSJIOCH B TIPOIIeCCe KYJIbTUBUPOBAHUS OaKTEpHUH.

B pactenusix conep:kaHue TOpMOHOB Takke U3MEHsI0Ch. Kak BUIHO U3 pUCYyHKa
5.17, 06a mramma yBenuuuBanu coaepxkanue YK B TUCThAX M HE BIMSIIA HA CONEP-
xanne NYK B kopHsax. bakrepun Takke BbI3bIBaiIM yBenuueHue ypoBHs ABK B nuctsb-
ax npumepHo B 1,5 paza (Pucynok 5.18). [IpucyrcTBrue 6akTepuil B mUTaTEIBLHON Cpelie
MOBBIIIAJTIO COJIEP’KAaHUE MPOU3BOIHBIX 3eaTHHA (CyMMY CBOOOHOTO OCHOBAHUS U PHU-
6o3uma) B credisax pacrenuid (Pucynok 5.19). Hakormienue UITA Gbuio Haubosee 3a-

METHBIM B CTEOJIIX IO/ BIUSHUEM OOCHX OAKTEpHWH M B JIMCTHSIX — MO BIMSHUEM A.

baldaniorum Sp245 (Pucynox 5.20).

350
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Pucynok 5.17 — Bausinue 6akrepuit Ha coaepkanue MYK B opranax pacrenuii kapTo-
dbenst, KyabTHBUPYEMBIX IN Vitro. KoHTposs — KynbTHBHpOBaHue 0e3 Oakrepuid, Sp245 —
A. baldaniorum Sp245, IPA7.2 — O. cytisi IPA7.2. BykBsl a, b, ¢ — paHXupoBaHUE 110

tecty JyHkana
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Pucynox 5.18 — Bimstane mramMmMoB Oaktepuii Ha conepkanne ABK B opranax pacrte-
HUH KapTodes, KyJIbTUBUpYeMbIX IN Vitro. KoHTposb — KyibTHBHpOBaHUE Oe3 OaKTe-
pwuii, Sp245 — A. baldaniorum Sp245, IPA7.2 — O. cytisi IPA7.2. Bykssi a, b, ¢ —

paHXupoBaHue no tecty JlyHkaHa
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Pucynok 5.19 — Bnusinue Oaktepuii Ha coep)kaHre IPOU3BOIHBIX 3€aTHHA B OpraHax
pacteHuii kKapTodens, KyJIbTUBUPYEeMBIX iN Vitro. KOHTpok — KyJIbTHBUpOBaHUE O3
oakrepwmii, SP245 — A. baldaniorum Sp245, IPA7.2 — O. cytisi IPA7.2. Bykssi a, b, ¢ —

paHXupoBaHMe 10 TecTy JlyHKaHa
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Pucynoxk 5.20 — Biusinue Oaktepuii Ha copepxanue npousBoanubix MITA B opranax
pacTeHHi KapTodes, KyJbTUBUPYEMBIX IN Vitro. KOHTpOJIb — KyJIbTHBHpOBaHHE O€3

Oaktepwmii, SP245 — A. baldaniorum Sp245, IPA7.2 — O. cytisi IPA7.2. Bykssl a, b, ¢ —

paHkupoBaHue 1o TecTy JlyHkaHa

Kak BuaHO 13 aHanmm3a MOJyYeHHBIX Pe3yNIbTaTOB, MPUCYTCTBUE OAKTEepHUd BIIUS-
€T Ha COJCpXaHWU TOPMOHOB B pacTeHHsX. [Ipoiie BCero OOBSCHUTH IMOBBIIICHUE
YPOBHSI ayKCHHOB B PAaCTCHUSIX TEM, YTO OAKTEPUU CITIOCOOHBI CHHTE3MPOBATH 3TU TOP-
MOHBI. DTOMY OOBSICHEHHIO COOTBETCTBYET TOT (aKkT, YTO YPOBEHb aAyKCHHOB BHIIIC B
npucytctBuu A. baldaniorum Sp245, koTopble HakamMBaIM OOJBIIE AYKCUHOB B KYJIb-
TypaJIbHOM XKUIKOCTH. Kpome Toro, pr3o0akTepuu MOTYT BIHMSTH HAa METabOJIM3M pac-
TEHHSI-XO35IMHA, TEM CaMbIM M3MEHss ero (PUTOrOPMOHANIBHBINA cTaTtyc. B vacTHOCTH,
OBLIO TIOKA3aHO, YTO PU300AKTEPHH MMOHIKAIOT aKTUBHOCTH nerpanaiun MYK B pacre-
ausix [99, 204], u npoaykiuio stunena [540].

Ha conepxanne UYK B kopHSIX HU OJlHA U3 OaKTEpHil HE BIUsIA, YTO COOTBET-
CTBYET JaHHBIM O TOM, YTO IpH OOJIee JAITUTEITHLHOM KYJIbTHBHPOBAHUU TOPMOHBI, TIPO-
aynupyemble OaKTepHUsMH, MOTYT YBEJIMYHBATH KOHIICHTPALIMIO TOPMOHOB B TMoOerax

pacTeHHid, a He B KOpHsX [5].
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Konnentpanus uutokuauHoB U ABK B KyJbTypanabHOM XKMIKOCTH OblIa 3HAYU-
TEJIbHO HM)KE, YEM ayYKCMHOB. DJTO HE IO3BOJISIET CBSI3aTh HAKOIJIEHUE IUTOKUHUHOB
win ABK B pacteHusix co cnocoOHOCThIO OaKTEpHil MPOYLIUPOBATh 3TU TOPMOHBI. O1-
HAaKO H3BECTHO, YTO MPOAYKIMS TOPMOHOB OaKTEPHUSIMU MOXKET YBEJIMYMBATHCS MO
BJIMSIHUEM PACTUTEIBHBIX KOMIIOHCHTOB, BXOSIIMX B COCTAB MUTATEIBLHOU cpebl [22].
Takum o0Opa3zoM, Heb3sl UCKIIOUUTD TOTO, yTO Npoaykius ABK u HUTOKMHMHOB Moria
YBEIIMYUBATHCS MPU COBMECTHOM KYJIHTUBUPOBAHUM OAKTEPUN C PACTEHUAMH, a YpO-
BEHb ATUX FTOPMOHOB B PACTEHUSIX — BO3PACTATh 33 CUET MOTJIOMICHUS PACTCHUSIMH 3THX
TOPMOHOB, MPOJIYIUPYEMBIX OaKTEpUSMU. AJIbTEPHATUBHOE OOBSICHCHHE U3MEHEHUS
coJiep>KaHusl TOPMOHOB MOXHO HAWTH B padoTax, rje ObLIO MOKAa3aHO BIMSHUE OAaKTe-
pHii Ha CIIOCOOHOCTh CaMUX PacTEHUI MeTaboIM3upoBaTh ropMoHsl [99, 234, 531].

AKTHUBaIUsl yIJIMHEHUSI CTEOs MO BIMUSIHUEM OaKTepHUil COOTBETCTBYET MOBBI-
HICHHOMY COJIEPKaHUI0 ayKCHHOB B CTEOJIAX pAaCTeHUN. DTU PE3yJIbTAThl COTIACYIOTCS
C JIaHHBIM JIUTEPATYPbl O TOM, YTO AYKCHUHBI CTUMYJIHPYIOT YIJUHEHUE KIETOK CTEOJIs
[596].

Haxonnenune ABK 4dacto paccmarpuBaroT kak MHAMKATOp cTpecca. [lo maHHbIM
ABanib0aeBa ¢ coasropamu (2010), nebonbioe HakorieHue ABK B oTcyTcTBHM cTpecca
CIIOCOOCTBYET 3aIllyCKy aJanTUBHBIX pPEaKIUH, B pe3yJlbTaTe 4YEero ypOBEHb CTpEcC-
MHIyIUupoBaHHOTO HakorieHuss ABK meHble, yeM y HeaganTUPOBAaHHBIX PACTEHUHU.
HNMeHHO 3TO HabmrogaeTcs Npu aHanuse u3meHeHud ypoBHa ABK nop BiusiHMeM Oak-
TEpU.

[IpucyrcrBue 0akTepuil, B OCHOBHOM, CIIOCOOCTBOBAJIO YBEIMYEHHUIO YPOBHS 11U~
TOKMHUHOB B pAacTeHUSX. B JUCThSIX OakTepuu MOBBIIAIM YPOBEHb MPOU3BOIHBIX
UIIA, a B ctebne — 3eatuHa. [I0CKOIBKY €CTh CBEJIEHUS O TOM, YTO IIUTOKHUHUHBI B JIU-
CThSIX CUHTE3UPYIOTCS B BUE MPOou3BOAHBIX UIIA, u mpeuMyIIecCTBEHHO B KOPHSIX OHU
HPEBPAIIAIOTCS B MPOU3BOIHBIC 3eaTuHa [556], MOBBIIICHHOE COAEpIKAHHE MTPOU3BO/I-
HbIX WITA B IHCTBSAX CKOpee CBS3aHO C X CUHTE30M CAMUM PACTEHHEM, YEM TPaHCIOP-
TOM U3 KOpHEH UTOKUHUHOB, KOTOPHIE MOTJIM CUHTE3UPOBATHCS OAKTEPUSIMU U TIOCTY-

IaTb B KOPHU U3 MUTATCIIBHOI'O PaCTBOPA.
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5.1.8.2 Dkcnpeccusi ayKCHH-3aBUCUMBbIX T'€HOB

H3BecTHO, YTO 3a CHHTE3 U PEAYKIHIO ayKCHHOB OTBEUAET OOJBIIOE YUCIO Te-
HOB, TaKXe HKCIPECCUSI MHOTHX F€HOB 3aBUCHUT OT SK30T€HHOM U YHJAOTECHHOW WHIOIHII-
3-ykcycHoi kucioTel [116]. CemelCTBO T€HOB ayKCHH/WHAON-3-YKCYCHOW KHCIIOTBI
(Aux/1AA) KoIHUPYIOT KOPOTKOKUBYIIKE SACPHbIC OCIKH, O KOTOPHIX U3BECTHO, YTO OHU
Y4YaCTBYIOT B TICPBUYHBIX KJIICTOYHBIX peaklusax Ha aykcuH [526]. Junpeng Gao ¢ coas-
topamu (2016) poBenu cucteMaTHaeckuid anamu3 26 reHoB Aux/IAA kaptodens. Kpo-
Me TOro, Xopoiio uzBectHa posib reioB AMI, TIR1, GH3.1, IPAM, GH3 [417].

Metonom oOpatnoit Tpanckpunuuu PHK ¢ mocnenyromum I[P B peanbHOM
BpeMeHu m3ydainu dkcrpeccrro TeHoB AUX/IAA: StIAA3, StIAA1S, StIAA20, a Takxe re-
HoB AMI, TIR1, GH3.1, IPAM, GH3. B kauecTBe KOHTPOJIS IKCIIPECCUU UCTIOIH30BATIU
2 pedepencubix rena TUB, GAP.

boiio mpoBezeHO u3yudeHHE WX JKCIpeccud B 10-CyTOYHBIX MHUKPOPACTEHHSX
kapTodens copra HeBckuii moBeprHyTHIX BO3JEHCTBUIO B T€UEHUE 2 CYTOK CYCIICH3UU
6axrepun A. baldaniorum Sp245 B xonnentpamum 10° xi/My1 mUTaTENBHOM Cpembl, a
taxke 3k3orenHor MYK B konnentparuu 1, 0,1 u 0,01 mr/i (5,7, 0,57, 0,057 uM). B
Ka4ueCTBE KOHTPOJIS UCIIOJIB30BAJIA PACTeHUs 0€3 00paOOTKH.

Pe3ynbraThl onpeneneHrss OTHOCUTEILHOM AKCIPECCUN 8 ayKCHH-3aBUCUMBIX Te-
HOB IPEJCTaBIICHbI Ha PUCYHKE 5.21.

AHanu3 NOJIy4EHHBIX JAHHBIX MOKa3aj, 4To mnocie 2 cyTok Bo3uaecteus YK B
Pa3HbBIX KOHIICHTPAIUSIX OTHOCUTEIIbHAS KCITPECCHS BCEX T€HOB pa3inyajiach He3HAUH-
TEJIBHO, YTO MOYKHO OOBSCHUTH IMPOJOKHTEIHHON DKCIIO3MIMEH, TaK KaK M3BECTHO,
YTO DKCIIPECCHUS JTAHHBIX T€HOB HaUYMHAETCS OYKBaJbHO Yepe3 HECKOJIBKO MHHYT IOCTIE
Bo3aericTBus 3k3oreHHoN YK [105]. BeposTHO, MO3TOMY HECKOJBKO BBIIIE KCIpPEC-

cusi TeHOB Ha (poHe camoil Hu3Kou KoHueHTpanuu NYK.



TIR GH3 GH3.1 IPAM STIAAS STIAAILS STIAA20
BSp245 BHUMVYK1 OMHMYKO0,1l OHUVYK 0,01

1.

AMI TIR GH3 GH3.1 IPANM STIAASZ STIAALS STIAA20
BESp245 BHVYVK1I OMYK 0.l OHMVK 0,01

Pucynoxk 5.21 — OTHOCUTENBHBIA YPOBEHD SKCIIPECCHH aYKCHH-3aBUCHMBIX TCHOB B MUKPOpacTeHUIX KapTodens copra HeBckuii
npu aericteuu 6aktepuit A. baldaniorum Sp245 u MYK B konuentpanuu 1, 0,1, 0,01 Mr/in. YpoBeHb SKCIIPECCHH OnpeeicH: A —

10 OTHOLIEHHIO K YPOBHIO 3kcnpeccuu reHa 1UB; b — no otHomenuto k ypoBHIo skcnipeccun rena GAP

G0¢
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B nenom peakius skcrnpeccun reHOB B OTBET Ha 3k3oreHHyr0 UYK u Gakrepun
coBrnajana. M3 BOCbMU Ir€HOB, OTHOCUTEIBHBI YPOBEHb 3KCIIPECCHH KOTOPBIX OLECHU-
BaJicsi, HarOosiee HOOPMATUBHBIMU B OTHOILIEHUHU BIUSHUSL OaKTEpUil OKA3aJIMCh T€HbI
GHS3 u STIAA1S. Dkcrpeccust 3TUX TEHOB CYIIECTBEHHO YBEIMUMBAIACh B IPUCYTCTBUU
OakTepuil mo cpaBHeHuto ¢ BozaeicTtBueM UYK (Pucynox 5.21). Ilockonbky aHHbIE
reHbI cBsi3aHbl ¢ Aerpaganueid UYK [417], MOXHO TIPEOI0KHUTh, YTO KO BTOPBIM CYT-
KaM T0of] JeHCTBUEM OaKTepui MPOUCXOAUT HakoruieHue sHaoreHHONM MYK B TkaHsgx
MUKPOpPACTEeHUH KapTodes, 4To CHeUPUUECKU CTUMYJIUPYET SKCIPECCUIO YKA3aHHBIX

T'CHOB.

5.1.8.3 UHayKuMsl CUCTEMHOI YCTOWYMBOCTH (CTUMYJIMPOBAHUE CHHTE3a KAJLI03bI)

Bo3znelicTBue Ha KIETKM PAcTeHWH Kak MAaTOTEHHBIX, TaK U CUMOMOTHYECKHX
MHUKPOOPTraHU3MOB Y€pe3 aKTUBALMIO PEUENTOP-MOJOOHBIX KMHA3 3aIlyCKAeT KOMILIEKC
¢u3noNornyeckux M OHOXMMHUYECKUX peakUui, OO0bEeIWHAEMBbIX OOLIUM MOHATHEM
«UHIYIUPOBAHHBIE MEXAaHU3MBI 3alTUTHD). CaMbIM CUIIBHBIM OTBETOM PACTEHUS — SIBIISI-
eTCsl peaklusl CBepXUyBCTBUTEILHOCTH, IPUBOAIIASL K CHHTE3Y JIMTHUHA U cyOepuHa, U
rudenu KJIETOK B TOYKE KOHTaKTa C MHUKPOOPTaHU3MOM, YTO MO3BOJISIET H30JIUPOBATH
KJIETKY MAaTOT€Ha HEKPOTHUPOBABIIMMH KJIETKaMu X03suHa. Kpome Toro, mHAympoBaH-
HBI MEXaHU3M 3alllUThl BKJIIOYAET CUHTE3 KaJUI03bl, aKTUBHBIX (DOPM KHCIOpOJa, OCO-
o6enno O, Hy02, 1 TOKCHHOB, KOTOpBIE YOMBAIOT KJIETKH MatoreHa. [lapamnensHo cuH-
TE3UPYIOTCST (PepMEHTHl AHTUOKCUIAHTHON CHUCTEMBI, a TakkKe (PUTOATEKCHHBI, JIEKTH-
HBI, Te()EeH3MHBI. Y HUBEPCATHHOCTh OTBETHBIX PEaKIN B PACTEHUSIX HA Pa3IUYHbBIE TH-
bl KOHTAKTUPYIOIINX MUKPOOPTAaHU3MOB MO3BOJISIET CTUMYJIMPOBATH MMMYHHBIC peak-
MU U MOBBIIIATH YCTOWYMBOCTH K MATOT€HAM ITyTeM BO3JEUCTBUS CUMOMOTHYECKUMH,
B TOM 4HCIIe pU30CPEPHBIMUA OAKTEPUSMHU.

Kannosza —monucaxapua, MoyieKysia KOTOPOTO COCTOUT Mpubau3utenbHo u3 100
OCTaTKOB TJIIOKO3bl, COEAMHEHHBIX Mexay coboi B-1,3-cBsa3simu. OHa HyHKIMOHHUPYET
B PACTCHHUU KaK YHUBEPCAJIbHBIN M30Mpyrouii Matepuai [45]. Bonbiine komudecTBa
KQJIJIO3bl MOTYT CUHTE3MPOBAThCA Ha IUIa3MajeMMe KaKk OTBETHAsl peaklus Ha MOpaHe-

HuE. Y MOBPCKACHHBIX KJICTOK INIa3MOACCMbI U CHUTOBUIAHBIC TPY6KI/I 3aKYIIOPUBAIOTCA



207

KaJIJIO30M, 4TOOBI MPEJOTBPATUTH MOBPEKICHUE APYruX KieTok. CHHTE3 ee CTUMYJIU-
pyercs MOBBIIICHHEM KOHIIEHTPAUU Kalblins B 1iuTo301e [168]. HakoruieHne kamio3sl
B KJIETOYHBIX CTEHKAX PACTEHUN BXOJUT B KOMIUIEKC PEaKLMil, HHIYIIUPYEMBIX CalIu-
IIUIOBOM KuciioTol [392].

AHanu3z MHKpopacTeHuM Kaprodens copra HeBckui, WHOKYJIMPOBAHHBIX
Azospirillum baldaniorum Sp245 MetonoM (GayopHCIIECHTHOW MHKpPOCKOIIHH, TOKAa3aJ,
YTO B KOPHSX Ha BTOPBIE CYTKH HaOIOmaeTcss (parMEeHTapHOE OTIOKEHHE KaJlJIO3blI,

KOTOPOC K CCABMBIM CYTKaM CTAHOBHUTCS CIUIOIIHBIM B TKaHAX KCHUJICMBI (PI/ICYHOK

5.22).

KOHTPOJIb

KOHTPOJIb

Pucynok 5.22 — Bnusiaue 6akrepuit Azospirillum baldaniorum Sp245 na cunres
KaJJIO3bl B KOPHSIX MUKPOKIIOHOB KapTodesns Ha 2-bie (A) u 7-bie (b) cyTku

HHOKYJ TN

B nmucteax HHOKYJIMPOBAHHLBIX paCTCHI/Iﬁ Ha CCAbMBIC CYTKH TAKXKXC 3HAYHUTCIILHO
YBCIIMYNBACTCA COACPIKAHUC KAJIJIO3bI KAK B ITPOBOJANINX ITYIKAX, TAK U (bpal"MeHTapHO

B KJICTOYHBIX CTeHKaX mapeHxumbl (Pucynok 5.23).
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KOHTPOJIb

Pucynok 5.23 — Biusuue 6akrepuii Azospirillum baldaniorum Sp245 na cunres kamio-

3bl B JIUCThSIX MUKPOKJIIOHOB KapToQes Ha 7-ble CyTKH HHOKYJISIIUN

Takum oOpazom, Oakrepun A. baldaniorum Sp245 He TONBKO CTUMYIHPYIOT PO-
CTOBBIE TPOIIECCHI B PACTEHUSX KapTOQels U MIIEHHUIIBI, HO U CIIOCOOCTBYIOT MOBBIIIIE-
HUIO OT/AETBHBIX TMOKa3aTeNeil (ColepaHue Kalo3bl), CBS3aHHBIX C YCTOMYMBOCTBHIO
ITHX PACTEHHI K OMOTHYECKOMY CTPECCY, UYTO, BEPOSTHO, MOXKET MOBBIIIATh aalTaIy-

OHHBII MOTEHIMAJ MUKPOPACTCHUH B YCIIOBHUX €X VItro.

5.2 U3y4eHue BJIOUSIHUSA JTUIIONOJTUCAXAPUIOB pU3ochepHbIX OaKTepuil
HA MUKPOKJIOHBI KapTodes B KyJabType in Vitro

CpaBHutenbHOE n3ydeHue 3(hPexToB NeHCTBUA )KUBBIX OaKTEpUi U JIMIIONOJIMCA-
XapuI0B KJIETOUYHBIX CTEHOK OakTepuil MOKa3ajo, YTO OKa3blBAEMOE BIMSIHHE OJHOHA-
IPABJIEHHO U B OOJIBIIMHCTBE CIIy4ae COBIAAAET MO BETUUMHE.

JITIC A. brasilense Sp7, tak e, kak 1 caMu >kuBble Oakrepun A. brasilense Sp7
(Tabmua 5.34), CTUMYIUPOBAINA POCT U KOJUYECTBO KOPHEH Y MHUKPOPACTEHUH KapTo-
¢ens copra Kormop B Kyabsrype in VItro, mpuyeM yBeIHMUCHUE KOJIMYESCTBA KOPHEH MPO-
ucxonuio Ha 11% sddextuBHee nericTBUs OaKTepUaTbHBIX KIETOK.

Crumynupyroiee BIUsHHE OakTepUil Ha POCT KOPHEH MOXKET OBITh BBI3BAHO OT-
BETHBIMU PeaKUUSIMH, BOSHUKAIOIIUMHU B KJIETKaX KOPHEH, B OTBET HA MHOKYJIALIMIO OaK-
TEPUSIMH, B TOM YHUCIIE UMMYHHBIMU PEAKIHSIMH, ONPEIACIIEMbIMU KOHTAKTOM C JIMIIO-

MnoJimcaxapuaaMu. HO,Z[TBCP)KI[CHI/IGM OTOro MpEAIOIOKCHUA MOXKET CIIY)KUTbh HAJIM4YHC
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CTUMYJIMPYIOIICTO BIUSHHSI Ha pOCT KOpHE#, Bei3BaHHOTO AeiicTBuem JITIC Pectobacte-

rium sp. (Tabmauma 5.34).

Tabnuna 5.34 — Bnusaue xuBbix Oaktepuii A. brasilense Sp7 u nmmnononucaxapunos
oaktepumii A. brasilense Sp7 u Pectobacterium sp. Ha pocT MukpopacTeHuid KapTodes

copta Konmop B kynbtype in vitro

JlnmHa KonnuectBo JlnmnHa KonunuectBo
Bapuant
nobera, MM | Y3JIOB, LIT. KOpHS, MM | KOpHEH, IIT.
KonTpons 82,62 9,00 53,00a 9,75a
bakrepun
_ 78,25 7,75 62,35¢ 10,90b
A. brasilense Sp7
JITIC A. brasilense Sp7 73,75 8,38 61,08bc 12,07c
JITIC Pectobacterium sp. 77,93 8,00 61,75¢C 10,18ab
F pac. - - 17,109* 7,697*
HCP 0,05 - - 3,14 1,00

[Tpumeuanne — “*” paznuuus goctoBepHsl npu P = 0,05, nockonbky Fgpum =
Ficop.; BApUAHTBI, COPOBOXKAAEMbIE OJJMHAKOBBIMU JIATUHCKMMU OyKBaMH, pa3InyaroT-

Csl HE3HAYMMO 10 KpuTeputo /yHkaHa.

MopdomeTprdeckre mapaMeTpbl MUKpOpacTeHuii KapTodens copra Kormop mo-
cie 20-u nHeBHOM MHKybanuu ¢ kiaetkamu (10° kn./mm) Ochrobactrum cytisi IPA7.2 u

IIITAMMOB IPA7.2 n

nunononucaxapuaamu (10 Mxr/mo) Ochrobactrum  cytisi
Azospirillum baldaniorum Sp245 taxke mokaszaiu CXOAHOE CTUMYJIHPYIOIIEE BIUSHUC
KUBBIX KJIIETOK pr30c(hepHbIX OakTepuii u smnomnoymcaxapuaos (Tabmuma 5.35).
[TonoxxurensHoe Bausinue JITIC O. cytisi IPA7.2 mo cpaBHEHHIO ¢ KOHTPOJIEM 00-
HApPY>XUBAJIOCH 10 BCEM M3YYCHHBIM MPH3HAKaM MMOOEroB M KOPHEH, TOrna Kak CTUMY-
THUPYIOIUH APPEKT OaKTEpUANBHBIX KIETOK HE OBbUT YCTAaHOBIIEH MO TMOKA3aTeIsIM «KO-
JMYECTBO KOpHEI» u «chipast Macca kopHei». JITIC knetounsix ctenok A. baldaniorum

Sp245 Takke cTUMynHpoBasl OONBIIMHCTBO IMOKa3zaresnel (KpoMe ChIPOM MaccChl KOp-
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Hel), mpudeM Habmonanock Oonee >PpheKTUBHOE yBeJIMYEHUE JITMHBI mo0eroB Ha 8%
no cpaBHenuto ¢ nericteuem JIIIC O. cytisi IPA7.2 u Ha 11,7% — no cpaBHEHHIO C JieH-

cTBUeM kuBBIX KiteTok O. cytisi IPA7.2.

Tabmuna 5.35 — Baustaue sxuBbix 6aktepuii O. cytisi IPA7.2 u aunomnonucaxapuaos O.

cytisi IPA7.2 u A. baldaniorum Sp245 na poct MukpopacteHuii kaprodess copra

Konnop B kynmbeType in Vitro

JnvuHa Konnue- Konnue- Celpas Celpas
BapuaHTsl nobera, | CTBOy3- | CTBO KOp- | Macca Io- Mmacca
CM JIOB, IIIT. HEH, IIT. oera, Mr | KOpHEM, Mr
Kontpons 4,70 a 6,93 a 9,60 a 0,219 a 0,302 a
O. cytisi IPA7.2 5,66 b 8,47 b 10,60 a 0,289 b 0,299 a
JITIC O. cytisi IPA7.2 | 5,84 bc 9,07b 12,63 Db 0,275 Db 0,451b
JITIC A. baldaniorum
Sp245 6,32 ¢C 8,50 b 12,87 Db 0,286 b 0,388 ab
Fopaxr. 10,03* 14,80* 6,97* 7,76* 4,81*
HCPyg 05 0,60 0,67 1,68 0,034 0,098

[Tpumeuanne — “*” paznuuus goctoBepHsl npu P = 0,05, nockonbky Fgpum =
Fineop.; BAPHAHTBI, COMPOBOXKAAEMbIE OJMHAKOBBIMU JJATUHCKUMHU OyKBaMU, pa3inyaroT-

Cs1 HE3HAYMMO 10 KpuTeputo /[yHkaHa.

CpaBuenne Biusiaus JIIIC pasHpix TakcoHOMHYECKUX BUNIOB Oaktepuii (Tabmuia
5.36) nmoxkazaio, uto xapaktep Bo3zaeicTBus JIIIC MoxeT ObITh CBSI3aH CO CTPOCHUEM UX
O-aHTUrEHa.

AHanu3 pe3ynbTaToB U3MEPEHHS JUTMHBI MOOETOB MUKPOPACTCHUN TIOKAa3ajl, YTO
JIOCTOBEpPHOE CTUMYJMpPOBaHUE pocTa HaOMoganoch Toiabko B Bapuantax c JIIIC
mrammoB T1Kr02 (+13,2 %), SR88 (+13,6 %) nu BV-S (+16,6 %). JITIIC npyrux Tpex
HITAMMOB CTaTUCTHMYECKHU HE BIUSIM Ha anuny nooera. [Ipu stom ns JITIC mrammos

SR88 1 BV-S Ob11 BIsiBIICH 2P (EKT CHUKEHUS] Y MUKPOPACTEHUN KOJIMYECTBA Y3JIOB Ha
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28 u 21,9 % coorBercTBeHHO. MOXHO KOHCTarupoBarh, uto JIIIC mrammoB SR88 u

BV-S cnocobctBoBanmu pazButuio 0osiee BEICOKUX MHUKPOPACTEHUN C MEHBIINM, YEM B

KOHTPOJIC, KOJIMYCCTBOM Y3JIOB, T.C. C ooiee JJIIMHHBIMU MCIKIOOY3JINSAMU. JIIIC APYyTrux

MTaMMOB OJOCTOBCPHO HC BJIMAIM Ha CPCAHCC KOJIMYCCTBO Y3JIOB OTHOCHUTCIIBHO KOH-

TPOJIbHBIX paCTeHHﬁ. HpH 9TOM HauOOJbIIee 3HAYCHHUC Y3J10B OBLIIO OTMEUYEHO JJIs1 Ba-

puaHToB: KOHTpOIb, JITIC mrammoB T1Kr02 u K3.

Ta6nuna 5.36 — Bausaue nmunononaucaxapuao O. quorumnocens T1Kr02,
P. chlororaphis K3, A. brasilense SR80, A. brasilense SR88, A. thiophilum BV-S u

A. zeae N7 na pocTt Mukpopactenuii kaprodens copra Kornop B kynbrype in vitro

Jmuna | Kommye- Komue- JnunHa Cyxas Cyxas
CTBO o Macca Macca
BapuanTsi nobera, | CTBO y3- . KOpHEH, .
KOpHEW, nobera, | KOpHEH,
MM JIOB, IIT. MM
IT. MT MmMr
KonTtpob 70,5a 7,3 bc 8,7 abc 238 b 384c 12,5 ab
JIIC  O. quor-
79,8bc | 7,2bc 9,4c 315¢ 47,1 e 16,4 bc
umnocens T1Kr02
JITIC P.
_ 74,2 ab 8,5¢ 9,1bc 185a 24,8 a 8,3 a
chlororaphis K3
JITIC A. brasilense
747ab | 6,6ab | 887abc | 213ab 346D 138b
SR80
JITIC A. brasilense
80,1 bc 52a 7,4 a 203 a 39,0c 15,1 b
SR88
JITIC A. thiophi-
82,2c 57a 9,1bc 316 c 43,6 d 20,6 ¢
lum BV-S
JITIC A. zeae N7 69,9 a 6,6 ab 7,5ab 215 ab 40,2 c 13,6 ab
Foaxr 5,63* 3,21* 2,96* 7,36* 12,5* 4,39*
HCP 05 6,2 1,5 1,7 33 2,1 5,4

[Tpumeuanue — “*” paznuuus gocroBepHsl npu P = 0,05, nockonbky Fguam =

>

Fineop.; BAPUAHTBI, CONPOBOXKAAEMBIE OAMHAKOBBIMU JIJATUHCKUMU OyKBaMU, pa3Ivdaror-

Csl HE3HAYMMO 10 Kputeputo [JyHkaHa.




212

N3mepenne cyxoit Macchl TOOErOB MPOJIEMOHCTPUPOBAIO UHTHOUPOBAHUE ITOTO
napameTpa y pacteHuid, BeipameHHbix B npucytctBun JIIIC mramma K3 wa 35,4 % u
SR80 Ha 9,9 %. YBenuueHue cyxoil Macchl MOOETOB OTHOCUTEIBHO KOHTPOJIbHBIX MHUK-
popactenuii 0b110 BhIsiBIICHO Tipu ferictBum JIIIC mramma BV-S ma 13,5 % u T1Kr02
Ha 22,7 %.

bonee cunbhbie 3 dexTrl JITIC ObLM BBISIBICHBI HA POCT M pa3BUTHUE KOPHEBOM
CUCTEMBI MUKpopacTeHHil. KoanuecTBo kopHel Obu1o HanMeHbIIMM B BapuaHTte ¢ JIIIC
mramma SR88, a nHanbonbimum ¢ JITIC mramma T1Kr02, mpudem 3TH BapuaHThl MEXTY
co00i#i JocTOBepHO pazinudainch (cMm. Tabmuimy 5.36). Ciaenyer OTMETUTD, YTO HHU OJMH
n3 BapuaHToB ¢ JIIIC He 1eMOHCTpUPOBAII JOCTOBEPHBIX PA3IMUUN C MUKPOPACTCHHUSI-
MU W3 KOHTPOJIbHOW rpymmsl. Ha TIuHY KOpHEH IMOJIOKUTENIBHOE BIMSHHE OKa3bIBaJIU
npenapatsl JITIC mrammoB T1Kr02 u BV-S (nns o6oux BapuantoB +32,4 % oT KOH-
Tpoist). Haobopot, y MukpopacteHuii, BoipamieHHbIX B npucyrctBuu JIIIC mrammos
SR88 u K3, cymmapHas mivHa KopHed cHuxkanachk Ha 14,7 u 22,3 % COOTBETCTBEHHO.
[Ipu stom B Bapuante ¢ JIIIC mramma K3 wnaGmionanoch ¢opmupoBaHue OOJBIIOTO
qucia KOpOTKUX UM TOHKuX KopHedl. [Ipu nevicteun JIIIC mramma SR88 Gonee HU3K0E
3HAQYEHHE CYMMAapHOW JUIMHBI KOPHEW OTHOCUTEIBHO KOHTPOJIBHBIX MHUKPOPACTEHUU
CBSI3aHO C yMeHblLIeHueM konnuectBa kopHeil (P<0,1), B To Bpems kak copMHpOBaH-
HbIE KOPHU OBLIM comocTaBUMBI ¢ KoHTposieM. Bapuant c¢ JIIIC mramma BV-S 6wt
€IMHCTBEHHBIM, JJII KOTOPOro OTMeUYeHO cyiiecTBeHHoe (64,8 %; P<0,05) noBbimieHue
cyxoi maccel kopHeil. Jleiicteue JIIIC mramma T1Kr02 Ha cyxyro Maccy KOpHEH MHK-
popacteHuii 10CToBepHO HEe omnyanock ot AerctBus JIIIC mramma BV-S, HO cyme-
CTBEHHO HE OTJIMYAJIOCh U OT KOHTPOJIA.

Takum o0pazom, mpemaparsl JIIIC mmrammo Ochrobactrum quorumnocens
T1Kr02 u Azospirillum thiophilum BV-S oka3biBasin 1OCTOBEPHO MOJIOKUTEIHLHOE BIIU-
SHUE Ha HaumOOJblllee KOJIUYECTBO HCCIETOBAHHBIX MapaMeTpOB MHUKPOPACTEHUH Kap-
Todens copra KoHaop, 4To MOXKET OBITh CBSI3aHO C XUMHUYECKUM CTPOCHHUEM MX MOBTO-
psromuxcs 3BeHbeB O-nonucaxapuoB. Tak, olurocaxapugHoe MOBTOPSIONIEECS 3BEHO
O-nonucaxapuna mramma O. quorumnocens T1Kr02 cocrout u3z ocrarkoB D-dyko3sl, a

mrramma Azospirillum thiophilum BV-S — u3 nenracaxapuza, B KOTOpOM Y€ThIPE OCTaT-
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Ka L-paMHO3bI 1 B OOKOBOM IOJIOKEHUU OAMH OCTarok D-kcuino3pl. COOTBETCTBEHHO
nomunupytoumu st JINC 06oux mtaMMoB SBISIFOTCSL OCTaTKH 6-1€30KCUTeKco3 (¢y-
KO3bI U paMHO3b1), B oTiinune oT JIIIC npyrux ncciaenoBaHHBIX IITAMMOB, B COCTaBE KO-
TOPBIX TaKXKe cofepxarcs octatku pykossl u pamHo3bl (kpome JITIC mramma K3), Ho B
MEHBIIIEM KOJIMYECTBE.

To, kak pacrenus BocupuHumarot JIIIC Gakrepuii, aCCOLMUPOBAHHBIX C PACTCHU-
SIMU, U Pa3TUYAIOT MOJIE3HbIE U MAaTOTeHHbIE MUKPOOBI, SIBISIETCS BOIIPOCOM OTKPBITHIM.
[Tpennonaraercs, uro moauduxanuu O-anturexa JIIIC pnusitor Ha cBolicTBa MeMOpaH
U MOIYJIUPYIOT PAcro3HABaHUE PACTEHUEM-XO3SIMHOM PHU30C(EPHBIX CUMOMOHTHBIX U

NaTOTCHHBIX KJIeTOoK [415].
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3akJIroueHue

B coBpemMeHHBIX arpoOMOTEXHOJIOTHAX IIUPOKO UCIHOIB3YIOTCS METOJIbl KYJIbTY-
pBI KJIETOK, TKAHEH ¥ OpraHoB pacTeHu in Vitro. MopodreHeTHaeckre mpoIecchl, Mpo-
TEKAIOLIUE B TaHHBIX YCIOBHSX, ONPEACISAIOTCS TEHOTUIIOM JOHOPHBIX PAaCTEHUU U 3a-
BUCAT OT psiia (haKTOpPOB:

- HAJIMYWE B PACTUTENIbHBIX KCIIAHTAaX MOP(POreHETUUECKN KOMIIETEHTHBIX KJIe-
TOK (KJIETOK MEPUCTEMATHUECKOI0 TUIA, CIIOCOOHBIX K MHMIMALMU KJIETOYHOTO JIeje-
HUSA ¢ (opMHpOBaHUEM Jeau(DPEpEeHIIMPOBAHHBIX TKAHEH WM MEPUCTEMATUYECKHX
TKaHEl TOYeK pocTa U SMOPUOUIOB);

- CTPECCOBOE BO3/CICTBHE, CIOCOOHOE M3MEHUTh COCTOSIHUE KIIETOK B KJIETOY-
HOM IIMKJIE ¥ CIIPOBOIIMPOBATH KJIETKH K JEJICHUIO U U3MEHEHUIO TP depeHIInauu;

- TEHETUINYECKHEe OCOOEHHOCTH JIOHOPHOTO PAaCTEHUsI, ONPEAEISIOUUE CI0CO0-
HOCTb KJIETOK M TKaHEW K peanusaluu myTed MopdoreHesa U pereHepanuy OpraHoB u
LEJIBIX PACTCHUM.

['enernyeckuii KOHTPOJIb MOp(oreHesa ornpenensieTcss HATMYUEM CIEeHUaTbHBIX
T€HETUYECKUX CUCTEM, KOHTPOJHMPYIOUIUX MPOLIECCHl MOJOBOr0 U BEreTaTUBHOTO pas3-
MHOKEHHUSI pAaCTEHUM, a TakKe IUIEMOTPONHBIMU 3P(PEKTaMu T'€HOB, PErYIUPYIOIIHUX
OonoxuMHuueckrue 1 (GU3NOIOrMUECKUEe MPOLIECCHl B KJIETKAaX U Ha YPOBHE I[€JI0r0 pacTe-
HUSL.

B kadectBe cTeccoBoro (paktopa B MepByIO Ouepeab BICTYNAET TPaBMAaTHUYECKOE
BO3JICHCTBHE HA ATAre BbIACICHUS SKCIUIAHTA U CBA3AHHOE C 3TUM CHSTHUE OpraHU3MEH-
HOTO KOHTPOJIA, KJIETOYHOM M TKaHEBOM MOJISIPHOCTH, T'PAJUEHTOB MUTATEIbHBIX BE-
HIeCTB U (PUTOrOPMOHOB. BTOPBIM Ba)KHBIM CTPECCOBBIM (PAKTOPOM SIBISIFOTCSI XUMHYE-
ckue U (us3ndeckre (aKTOpbl KyJIbTUBUPOBAHUS B YCIOBUSX IN VItro: puTOropMOHSI,
OCMOTHYECKOE BO3JIEHCTBHE KOMIIOHEHTOB MMHUTATEIBHOM Cpelibl (CaxapoB M HEOPraHU-
YeCKUX KOMIIOHEHTOB MUTAaHMs), TeMIepaTypa, BIaXHOCTb U aApyrue ¢akropsl. Kpome
TOr0, MOT'YT OBITh BBEJEHBI CIIELUAIbHBIE KOMIIOHEHTHI, 00JIaJaloOUIe CTPECCOBBIM
BO3JIEHICTBHEM, OINKCAaHHbIE BbIIIE. Halie BCero B KaueCTBE CTPECCOBBIX KOMIIOHEHTOB

Cpeabl IPUMCEHAIOT HU3KOMOJICKYJIAPHBIC XUMHUYCCKHUC BCIICCTBA. Bo3moxnas POJIb II0-
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JUMEPHBIX MOJIEKYJ B PETYJSIMU MOPHOTreHEeTUYECKUX MPOIECCOB M3yUYeHa HEeAOoCTa-
TOYHO.

Kynerusupyemsie in Vitro KJIeToYHbIC JTUHUHA WU TKaHU TPAIUIIMOHHO paccMat-
PHUBAIOTCSI KAK THOTOOMOHTHBIE. EcTeCTBEHHBIE OMOJIOTHYECKHE OOBEKTHI, B TOM YHCIIE
CUMOMOTHYECKHE MUKPOOPTAaHU3MbI HJIM UX KOMIOHEHTHI KJIETOK, BBI3bIBAIOLIUE (PUTO-
UMMYHHBIC PEaKIIUU B YCIOBUAX IN VIVO, IPUMEHSIOTCS B KYJIbType IN VItro qoctaTtoyHo
PEAKO U3-3a TEXHOJOTMYECKUX OCOOCHHOCTEH acenTUYeCKOM KyJbTypbl. B mociennue
rOJIbl TAKOW ITOJXO0J HECKOJBKO MeHseTca. HakoIeHHbple 3HaHus O PACTEHMSIX KaK ro-
JOOMOHTHBIX CUCTEMAax MOJJEPKUBAIOT POJIb MUKPOOPTraHU3MOB B PETYISILIUU MOP(PO-
T€HETUYECKUX MPOLECCOB B €CTECTBEHHBIX YCIOBUAX CpEAbl OOMTAHUS U MO3BOJISIOT
HPEANOJIOKHUTh UX BO3MOKHOE MPUMEHEHHE B MCKYCCTBEHHBIX YCIIOBHSX KYJIBTYPHI IN
vitro.

IIpuMeps! yCenHoro NCoab30BaHMs aCCOLMATUBHBIX MUKPOOPTaHU3MOB, B TOM
YHCIIe POCT-CTUMYJIMPYIOIIMX PU30CHEPHBIX OaKTepuH, JJi MOBBIIICHUS pereHepalu-
OHHOM aKTUBHOCTH KAJJTyCHBIX TKAHEH, YKOPEHEHHUs NOOEroB U MOBBIIICHUS ajanTalu-
OHHOI CIOCOOHOCTH MHUKPOKJIOHOB IO3BOJISIFOT IMPEANONI0KHUTb, YTO OMOJIOTHYECKHE
(bakTopbl MOTYT OBITh MEPCHEKTUBHBIMHU C TOUYKH 3PEHUSI PA3BUTHSI MPUKIAJHBIX arpo-
OMOTEXHOJIOTHI B CEJIEKIMH U MPOU3BOJCTBE MOCATOYHOIO MaTepHaa CebCKOXO035M-
CTBEHHBIX PaCTE€HUI, B TOM YHCJIE MIIEHUIIBI MATKOW U KapToQes, MEeTOANKA CO3/1aHus
PacTUTENILHO-MUKPOOHBIX acCOIMAIMi B KYJIbType IN VItro Ha TaHHBI MOMEHT HE pa3-
paboraHa.

B nepuoa ¢ 2001 mo 2024 rr. npoBeIeHbI HCCIIEI0BaHUs MO0 BIUSHUIO pu3ochep-
HBIX POCT-CTUMYJUPYIOMIMX OAKTEPUN W JMIIONOINCAXapUAO0B KIETOYHBIX CTEHOK 3THX
OakTepuii Ha KyJIbTypy COMATHUECKUX KJIETOK M TKaHEW OJHOAOJIBHBIX U JBYIOJBHBIX
pacTeHuil B KyibType in Vitro. B kadecTBe mMarepuana sl UCCIICIOBAHUN HUCIIOIb30BaHbBI
MOJIEeTbHBIE OOBEKTHI: COPT SIPOBOM Msirkoi TmmeHuIpl CaparoBckas 29 u HaboOp MmodTH
W30TCHHBIX JIMHUI Ha €€ OCHOBE, aJIbTePHATUBHBIX 0 T€éHaM KOPOTKOCTEOEIbHOCTH U pa3-
JIMYAIOUIUXCS TIO CIIOCOOHOCTH K MOpQoOreHe3y B KaJUTYCHOW TKaHH, a TakKKe PaiOHUPO-
BaHHbIE U NIEPCIEKTUBHBIE copTa KapTodenst oreuectBenHon (Hesckuii, XKykoBckuil pan-

Hul) u uHoctpanHoi cenekuu (Konaop, Pozapa, ABpopa, Pen Ckapiierr).
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DKCIEPUMEHTHI TIPOBEACHBI M0 CTAaHAAPTHBIM METOJMKaM KYyJbTUBUPOBAHMS KaJj-
JyCOB Y KJIOHAJTbHOMY MHKPOPa3MHOKEHHIO pPAacCTeHUH Ha dtamax In Vitro u ex vitro. Bee
AKCIIEPUMEHTHI TOBTOPEHBI TPHXKIIBI M COAEPKAT HE MEHEE TPeX MOBTOPHOCTEH B OMbITAX.
JlanHble, MOTYYCHHBIE B XOJ€ BCEX IKCHEPHUMEHTOB, MOABEPTHYTHI CTATUCTUUECKOMY
aHaJIN3y.

[ToapoO6HO METOANKHU KYJIbTUBUPOBAHUS OaKTEPUATBHBIX KJIETOK, PAaCTUTEIbHBIX
TKaHEW W MPOBEACHUS PA3TMYHBIX aHAU30B OMKCAHBI B METOJMYECKUX PEKOMEHAI-
ax: Ilpumenenune pusocepHbIXx OakTepuil TP MUKPOKIOHAJIBHOM Pa3MHOXKEHUH Kap-
todens. Mertoauueckue pexomennanuu / Cocrasutenu: O.B. Tkauenko, H.B. EBceesa,
M.B. 3aropyiiko, I'.JI. Bypsirun, — Caparos: Amupur, 2021. — 44 c.

I[To pe3ynbTataM Hccaen0BaHUM cOo37aHa U anpoOMpOBaHa T€HETHYECKast MOJIEb,
cocTosiImas U3 Habopa MOYTH W30TCHHBIX JIMHUN, alIbTEPHATUBHBIX MO T€HAM KOPOTKO-
CTeOEIBHOCTU M OTJIMYAIOIIUXCS Pa3IMYHON aKTUBHOCTBbIO MOP(OreHETUYECKUX Mpo-
neccoB. Hanbonee anpTepHAaTHBHAsA MO XapakTepy HPOSBIECHUS MOP(POreHETHUECKUX
IIPOIIECCOB B KYJBTYPE KJIETOK U TKaHEH SBISIETCS Mapa MOYTH U30TCHHBIX CECTPHHCKIX
JUHWHA, pasaudaromuxcs mo reny RhtBlc. Jlannas momens gaiee Oblia HCIOJIb30BaHa
JUTS ONTHUMH3AIMN METOAa KyJIbTUBHUPO-BAaHUS KIETOK TMIIEHHUIIBI in Vitro CIOMOIIBIO
HOBBIX XHMHYECKHX BEINECTB TeTparua-paT(+)ruaporaprpara(+)muc-[2S, 5R-1,5-
numetnin-2-(1-oxcu-3-nponwn) -nupponuanaus  (ITarenr Ha wn3o0perenne RU  Ne
2186768), a TakKke U3yUEHUsI MEXa-HU3MOB B3aUMOJECUCTBUS OaKTEPHUAIbHBIX U PACTH-
TENBHBIX KJIETOK B UCKYCCTBEHHOW CHCTEME KYJIbTYPhl COMATHYECKHUX TKaHEH IN Vitro.

AHanu3 MHpPOBOW HAYYHOW JIMTEPATYpPhl MOKA3BIBAET, UYTO MOAXOJ K M3YyUEHHUIO
MOP(HOTEHETUYECKHUX MPOIIECCOB B KYJIBTYPE KJIETOK M TKaHEH IN VItro, ocHOBaHHBIN Ha
UCIOJIb30BaHUU M30TE€HHOTO aHalln3a, UCIOJIb3yeTCsl KpaitHe peako. Cepbe3HbIM Orpa-
HUYCHUEM TaKOTO MOJX0Ja SBISETCS CIOKHOCTh M JIUTEIBHOCTH MPOIlecca CO3aHus
HAa0OpPOB MOYTH M30TEHHBIX JHHHUK. TeM He MeHee, n3ydeHne 3(HEKTOB KOHKPETHBIX
T'€HOB TO3BOJIUT JJaTh OTBET HA BOMPOC O F€HETHMUYECKOHN NEeTepMUHALMU U MEXaHU3Max
npoiieccoB npoiudepanui u auddepeHranim, TpoTeKaumx B KyJIbType KIETOK U
TKaHei IN Vitro, a Taxke MpOorHO3UPOBATH U YIPABIATH PEaKIMel COPTOB U JIMHUH pac-

TEHHI MPHU KyJIbTUBUPOBAHHUH IN VItr0 Ha OCHOBE 3HAHUS OCOOCHHOCTEH MeHOTHIA. JTO
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103BOJIUT OoJiee 3(H(PEKTUBHO MPUMEHATh OMOTEXHOJIOTUH Ha OCHOBE KYJIBTYPHI PaCTH-
TENBHBIX KJIETOK W TKAHECH B MPAKTUKE CEJICKIIMH CEIIbCKOXO3SHUCTBEHHBIX KYIBTYp, B
TOM YHCJIC TIIICHUIIBI.

[TpoBeneHHbIe KcceaoBaHus Mmoka3au, 4To xuBble PGPR poma Azospirillum ne
MOTYT OBITh MCIIOJI30BAHBI JJIS YIYUIICHUS POCTa KaJUTyCHOW TKaHU MIIICHUIIBI U T10-
BBIIIICHUsT €€ MOP(OTEHHOW aKTHBHOCTH, TaK Kak B pe3yyibTare (PUTOMMMYHHBIX PEaK-
IIUH KJICTOK PACTCHHH 3aIycKaeTcs IMPOIecC WX Jerpajaliii. B OTIWYHHM OT KHBBIX
KJIETOK yOWTBIC KJIETKH MOTYT OKa3bIBaTh CTUMYJIMPYIOIIEE BIUSHUE, KOTOPOE MOXKET
OOBSACHATHCS KOHTAKTHBIMU PEAKITUSIMHU MKy KIIETKAaMHU PACTCHUN M MOJICKYJIIPHBIMU
KOMITOHCHTaMH KJIETOUHBIX KJIETOK OakTepuii. B KauecTBe TaKMX KOMIIOHEHTOB OBLIH
U3y4YeHBI JITOMOJIMCaXapH/Ibl KIICTOYHBIX CTCHOK OakTepuii poga Azospirillum.

B pesynbrare mcciaenoBanus MOp(OreHETHYSCKON aKTHUBHOCTH KaJUTyCHBIX TKa-
HEll U aHATOMO-THUCTOJIOTUIECKUX MCCIIeIOBaHM ycTaHOBIeHO, uTo JITIC accormaTrus-
HBIX OakTepuit A. baldaniorum Sp245 ctuMynupyeT mporecchl BTOPUYHON quddepeH-
IIUAIIMM U PEreHEPAMOHHYI0 CIIOCOOHOCTh KaJUTYCHBIX KJICTOK IIIIICHHUIIbI, MMOBBIIIAS
TEM caMbM 3(P(EKTUBHOCTh KYJIBTUBHPOBAHHUS T'CHOTHUIIOB C HU3KHM MOP(OTCHHBIM
noteHuaioM. HauOonpiiel (U3M0IOrHYECKON aKTUBHOCTBIO B OTHOIICHUHW KaJlTy-
cHbIX KieTok obnanaer JIIIC, nmpucyTcTByIOMUA B cpelie KyIbTUBUPOBAHUS B KOHIEH-
tpanuu 10 MKr/miL.

BBeneHre B cocTaB NMUTATEIBHON Cpeibl JTMnonoiMcaxapuaa oakrepuit E. coli
K12 He Biusi0 Ha MOPPOTreHETHYECKYI0 aKTHBHOCTh KaJUTyCHBIX KJIETOK. [loka3arenn
BbIX0/1a MOP(OTCHHBIX Ka/UTyCOB U PACTCHUI-pEreHePaHTOB MPH JACHCTBUM JIMITOOJIH-
caxapuaa E. coli K12 He oTauyaanch OT KOHTPOJIbHBIX BapuaHTOB. IIpenmonaraercs,
gyro Takoe paznuume neictBus JITIC Gakrepuit A. baldaniorum Sp245 u E. coli K12
OTpeICIIACTCS CICIMPUIHOCTHI0 MEXaHU3MOB JICHCTBUS JIMITONOJIUCAXapHUIO0B acCoIHa-
TUBHBIX OAKTEPHIA.

Ycranosneno, uto JIIIC ue Bcex mrammoB Azospirillum spp. oguaakoBo 3ddex-
TUBHBI B aKTUBAIMU MOp(orenes3a KyabTyphl pacTUTENbHON TKaHu. B oTnmanu ot JITIC
oakrepumii A. baldaniorum Sp245 JITIC A. baldaniorum sp7 B Gombieit Mepe cTuMyu-

poBayi mporiecchl Mopdorenesa B kamrycax, a JIIIC Azospirillum sp. SR66 crumynu-
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pOBaJIM PETEHEPAIIMOHHYIO CIOCOOHOCTh KamulycoB. CyYIIECTBEHHO IMOJIOKUTEIHHOE
BIUSIHAE HA MOP(QOTeHHYI0 aKTUBHOCTh KaJTycOB MueHUIbl okaspiBaiu JIIIC mramma
A. lipoferum SR65, momoono nerictuto JIIIC mramma A. baldaniorum Sp245. Ilo
peIBapUTEIbHBIM JaHHBIM 3(PPEKTUBHOCTD PETEHEPALIMN PACTEHUI MOXKHO MOBBICUTD
npumeHerreM JIIIC mramma A. lipoferum SR65 He TobKO Ha 3Tane KaJuTyCcoreHesa, Ho
Y BBOJISI €TO B COCTaB MUTATEIbHOM CPEBI HA 3TAIE PETCHEPALIMHN PACTECHUM.

Uccnenosanue JITIC mrammos E. adhaerens T1Ks14, O. quorumnocens T1Kr02
u P. chlororaphis K3 ycrymaror JITIC mrammor A. baldanoirum Sp245 u A. lipoferum
SR65 B crmocoOHOCTH TOBBIIIATH BBIXOJ] PACTEHUH-pEreHepaHToB. B To jxe Bpemsi oHU
o0agaroT OMOJIOTHYECKOM akTUBHOCTHIO Ha ypoBHE JIIIC mrammoB A. brasilense SR55
u SR75 u moryt ObITh MCIOJIB30BAHbBI JUIsI TOBBIMICHUS Y(PGEKTUBHOCTH OTIEIbHBIX
CTaJuM MOJYYEHHUs pACTEHUN-PETECHEPAHTOB.

[To COBOKYITHOCTH MOJYYEHHBIX JaHHBIX MOKHO YTBEpXIaTh, YTO OaKTEepHAIb-
Heie JI[IC sBasitoTcst OMOJNOTMYECKH aKTUBHBIMU MOJIeKyJiamMu. OHM UTPArOT BaXHYIO
poJib B (DOPMUPOBAHUM PACTUTEIHHO-MUKPOOHBIX B3aUMOJIEUCTBHIM U OKa3bIBAIOT CY-
IIECTBEHHOE BJIMSHHE Ha MOP(GOTreHEeTHYECKHE MPOILECCHl B KYJIbTYpPE COMATHYECKUX
TkaHew In vitro. Bosaeticteue JIIIC Ha pactutenbHble 00BEKThI (KJICTKH, TKAHU, Opra-
HbI) ABJISIETCS] OYEHBb IEPCIEKTUBHBIM HAIIPaBICHUEM OMOTEXHOJIOTUU PACTEHUM.

[Tomy4yeHHbIe pe3ynbTaThl CBUICTEIHCTBYIOT O CHEIMU(DUUHOCTH JEUCTBUS Ha
pacTeHusi OaKkTEepUaNbHBIX JIMIIOMOJHUCAXAPUAOB B JAHHBIX SKCHEPUMEHTaX U MOTYT
OBITh MCIIOJB30BAHBI ISl UCCIICIOBAHMS MOJICKYJISIPHBIX MEXaHU3MOB B3aUMHOTO pac-
MO3HABAHMS MMAPTHEPOB B aCCOLMATUBHOM PacTUTEIbHO-MUKPOOHOM cuMmOuo3ze. Ha oc-
HOBAaHWM TPEJCTABICHHBIX PE3YJIbTATOB MOXHO yTBepkaath, yto JIIIC azocnupuin
MOTYT OBITh MCIOJIb30BAHBI JJIsI TIOBBIIIEHUS MOP(OTEHHOTO MOTEHIIMANa PACTUTEIb-
HBIX O0OBEKTOB, B YACTHOCTH IMIICHHUIIBI, B KYJIbType KIETOK W TKaHEeH iNn VItro mus yco-
BEPILIECHCTBOBAHUS COOTBETCTBYIOIIUX METOJOB, IPUMEHAEMBIX B KICTOYHOMN CEJIEKLINH
Y TEHHOW MHKCHEPUU PACTCHUM.

I[Io pe3ynpraram MPOBEACHHBIX WCCIECAOBAHUN YCTAHOBJIEHO, YTO IIpHU
MHUKPOKJIOHATBHOM Pa3MHOXXEHHH pPACTEHH B KyJnbType IN  VItr0 BO3MOXKHO

dbopmupoBanue 3p(HEKTUBHOTO paCTUTEILHO-MUKPOOHOIO aCCOLIMATUBHOTO KOMILIEKCa
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MEXIYy MHKPOpPAacTCHUSAMH KapTodens W  IKUBBIMA  pH30C(EpHBIMH  POCT-
CTUMYJIMPYIOIIMMH OakTepusMu. B oTimmumu ot nemuddepeHIMPOBaHHBIX KaUTyCHBIX
KJIETOK TKaHU KOPHS M IPYTUX OPTraHOB PAaCTCHUI B3aMMOJICHCTBYIOT C JKUBBIMU OaKTEpH-
SIMU psIa MTaMMOB 0€3 HeraTUBHBIX () (PeKTOB.

Y CTaHOBJIEHO, YTO MPHU COBMECTHOM KYJIbTHBHpOBaHMU Oaktepuit A. brasilense
SP7 ¢ MUKpOYEpPEHKaMU PACTCHHU B KyJIbType IN VItr0 BO3MOKHO BO3ZHUKHOBCHHE pac-
TUTEIIBHO-MUKPOOHBIX B3aMMOJICHCTBHM, HO HHOKYJIMPOBAaHUE MUKPOUCPCHKOB KapTO-
dens 6axtepusimu A. brasilense sp7 B BbIOpaHHBIX KOHIIEHTpAIMSIX HE OKa3bIBAJIO JIO-
CTOBEPHOTO BJIMSIHAS HAa KAa4eCTBO MHUKPOYECPEHKOB, a TAaKKe Ha CIIOCOOHOCTh UX K
alanTalyuy K YCJIOBHUSM IN VIVO, TOTJa KaK MCIOJIh30BaHHE OAKTEPHI ITOTrO ITaMMa
OKa3bIBAJIO TMOJIOKHUTEITHHOE BIMSHUE HA POCT MEPUKIIOHOB XPU3aHTEMBI KaK B YCJIOBH-
X IN VItro, Tak ¥ B yCIOBHSIX IN VIVO, JOCTOBEPHO TOBKIIIAs CKOPOCTh POCTa KOPHEH,
0OEToB U JINCTHEB.

B cepun sKkcriepuMeHTOB MTOKa3aHO, YTO WHOKYJISIUS MUKPOPACTCHHI IIITAMMaMU
A. brasilense sp7 u A. baldaniorum Sp245 B ycnoBusx in VIitro B IeJIOM MOJIOKUTEIBHO
BJIMsJIa Ha POCT mMoOeroB IN VItr0 W CKOpPOCTh ajamTaluy K yCloBusM €X Vitro. He
YCTAaHOBJICHO HETaTHMBHOTO BIIMSHHS KaKOH-THOO KOHIICHTpAI[MK OaKTepui, H, IIO
COBOKYITHOCTH 3KCIIEPUMEHTOB, MOXHO CUYUTATh ONTHMAJIbHOH CPEIHIO U3
M3ydeHHBIX KoHueHTpanuii — 10° kieTox B Mu nurarensHOi cpensl. [TokazaHo, 4To
NPOJIOHTHPOBAHUE TMEPHOJa COBMECTHOIO KYJIBTHUBHPOBAHHMS MHKPOPACTEHUH U
pusochepHbIX OaKTepHil OKa3bIBAET MOJIOKUTEIBHOE BIUSHHE HA MOPHOMETPHUUECCKUE
MoKa3aTesid MOOEeroB U KOpPHEH.

OnTuMaibHBIMHU YCIIOBHSIMH JIJISI IIPOSIBIICHUS] POCT-CTUMYJIUPYIOIICH /IS paCTCHHIA
aKTUBHOCTH OakTepuayibHOM KynbTypbl A. baldaniorum Sp245 smnsiercst momyxuakas
nuTaTeNbHas Cpefla ¢ CoJepiKaHueM arap-arapa 3,5 T/11 ¥ MOJHBIM COCTaBOM COJIEH TIO
npornucu Mypacure-Ckyra. [lokasaHo, 4To B YCIOBUSX KYJIbTHBHPOBaHHUSA IN VItro
oaxTepunu A. baldaniorum Sp245 He ciocoOHbI 06eceunTsh (HHUKCALMIO aTMOCHEPHOTO
a30Ta Ha ypOBHE, HEOOXOIMMOM JUIS Pa3BUTHS MHUKpOpacTeHui kaprodens. B To xe

BpEMsA B OINTUMAJIBbHBIX YCIOBHUAX IIMTAHUSA OHHU CTUMYJIUPYIOT POCT 1mo0eros
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NPEINONIOKUTEIPHO 32 CYeT  CHHTe3a  (DUTOTOPMOHOB  ayKCHMHOBOTO U
rub0epeTMHOBOTO PAIA.

Y CTaHOBIIEHO, YTO CTUMYIUPYIONTHI 3PPEKT HE CBS3aH C YIYUIICHUEM a30THOTO
NUTAHMS PACTCHHM 3a cueT (PUKCAIMU a30Ta OaKkTepUsMH, TaK Kak Ha cpene O0e3 a3ora
pOCT pacTeHHMHd CyIIECTBEHHO YTHETaNCs. OTH pe3yJdbTaThl COTJIACYIOTCS C
WCCJICIOBAaHHMSIMH PsiJIa aBTOPOB, KOTOPHIE CUNTAIOT OCHOBHOHM ()YHKITUEH a30CTIMPHILT B
YCIIOBHUSIX ~aCCOIMATHBHOTO cuMOMO3a He ¢ukcanmuio arMmocepHoro aszora, a
NPOAYIIMPOBAHUE POCTCTUMYJIUPYIOMIMX BemiecTs [24, 152]. OnHako TOMHHHPOBaHUE
TOM WO WHOW (YHKIUU a30CIHPWIUT 3aBHCHUT, TO-BHIMMOMY, OT JKOJOTHYECKON
CUTYaIlud WM OT CIENU(UIHOCTH B3aUMOJCUCTBUS OAKTEPHl ¢ pa3IHMYHBIMH BHIaMU
pacTEHUI.

VY cTaHOBIEHO, YTO POCT-CTUMYIHUPYIOWUI 3 (PEeKT pru3zochepHbIXx OAKTEpHil npu
WHOKYJISILIMM UMHU MHUKpOpacTeHHi Kaptodens B KynbType IN Vitro cnenuduycH B
OTHOILIEHUU YCJIOBMM HHOKYJSALMU. bakrepuu, HECNOCOOHBIE K CaMOCTOSITEIIBHOMY
pOCTy Ha TMHTATENbHOW Cpefe AJA KyJIbTHBHPOBAHUS MHUKPOPACTEHHH (B TaHHOM
ciyuaec  Azospirillum  brasilense sp7), wmoryr 3(}eKTHBHO HHOKYJIMPOBATH
MHUKPOYEPEHKH KapTodens ¢ TepBbIX JHEH KyJIbTHBHPOBAaHWS N VItro  uis
CTUMYJHMpPOBAHUS pocTa TMOOEroB W KoOpHEeH. bakrtepuu, akTUBHO pacTymme B
NUTATeIbHOM  Cpelle, MOTYT HCIOJIb30BATbCAd KaK POCTCTUMYJIHUPYIOIIME, HO
WHOKYJISIIIUI0 MUKPOPACTEHUI HEOOXOAMMO MPOBOAMTH BO BTOPOH MOJIOBHHE MEPHOJIA
KyJIbTUBUpOBaHus N Vitro. [lpu pa3paboTke arpoOHOTEXHOJIOTUU MUKPOKIOHAIBLHOTO
Pa3MHOXKEHUS PaCTCHU BBEJICHUE TIpreMa OaKTepU3alii MUKPOPACTEHUI MOXKET OBbIThH
3¢ (HEKTUBHBIM C Y4E€TOM CHEIU(PUKA METOAUKH MHOKYJSIIIUN MPUMEHSEMOTO IITaMMa
POCT-CTUMYJIMPYIOIIHUX PU300aKTEPHIA.

baktepuzanus poCTCTUMYTUPYIONIUMHU OaKTEpUSIMU 3HAUWUTEIBHO TOBBIIIACT
Ka4eCTBO BHIPAIIMBACMBIX PACTEHHI KaK B KYJIbType IN VItro, Tak U B YCIOBHSX €X Vitro
[0 CPAaBHEHHIO C CYIIECTBYIOLIECH TPAJULIMOHHOM TEXHHKOM HMX MHUKPOKJIOHAJIBHOTO
pa3MHOXKEHHA. 3adUKCHpOBaHHAsl JIydlllasg TPWKUBAEMOCTh HHOKYJIHMPOBAHHBIX

OakTepusiIMH PacTEHUI B YCIOBUSIX €X VItrO u, BeposaTHO, G (EeKTUBHAS 3aIIUTa UX OT
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(GbUTONATOr€HOB CO3/1al0T OCHOBY JUISI PA3BUTHS MEPCIIEKTUBHON arpoOMOTEXHOJIOTHH C
YMEHBIIIEHUEM KOJIMYECTBA UCIIOIb3yEMbIX MECTUINIOB U YI0OPEHHUIA.

baktepun Azospirillum coxpaHstoTcs B psay MOCIIEIOBATEIbHBIX Haccaked Ipu
OJTHOKPATHOM HMHOKYJISILIUM, YTO JENIaeT METOAUKY CTUMYJIHUPOBAHHS POCTa PaCTCHUM
Opyd  MHUKPOKJIOHAJIBHOM  pPa3MHOXKEHMM C  MPUMEHEHHEM  acCOLUATUBHBIX
MHUKpPOOPTraHU3MOB BBICOKO T€XHOJOTHUYHOM. Kpome Toro, accouuupoBaHHble OaKTEpUU
COXPaHAIOT POCT-CTUMYJIHUPYIONIYIO CIIOCOOHOCTh B OTHOILICHHUH MHUKPOPACTCHUN B
npoliecce MacCUPOBaHUS U B KyJabType IN VIrO u mpu ajgantaiud MHKPOPAcTCHHUM B
YCIIOBUSX €X Vitro.

OOHapyXeH MOJOKUTEIbHBI AP(EKT KO-MHOKYJISIUUU MHUKPOPACTEHUN KapTo-
dens B KynbType IN VItr0 OakTepHaabHBIMH IITAMMaMH Pa3HBIX TaKCOHOMHYECKUX
rpyni. MakcuMaabHBIM TOJOXKUTENbHBIA 3()PEKT OT KO-MHOKYJSUUA MUKPOPACTEHUN
kaptodens B KyJabType IN Vitro Habmogamu B Bapuante A. baldaniorum Sp245 + K.
rosea T1Ks19. ¥V 6akTepru30BaHHBIX paCTEHUM MO CPABHEHUIO C KOHTPOJIbHBIMU JIJTMHA
KOpHEN yBennunBaiach Ha 21,2%, a macca kopHei ceipas B 1,9 paza, cyxas — Ha 33,3%.
[Tpu 3TOM JIMHA ToGera ocraBajach Ha YpOBHE KOHTPOJIS, a KOJMYECTBO y3J10B Ha MO-
oere naxe cHuxkanoch Ha 17,5%, xoTs macca nobera ceipasi Obuta 00JIbIlIEe, YEM B KOH-
Tpoie B 1,6 paza. B Bapmantax ko-uHokysssmuu A. baldaniorum Sp245 + O. cytisi
IPA7.2 u A. baldaniorum Sp245 + E. cloacae K7 Ha0m01a)10Ch TOCTOBEPHOE CTHMY-
JMPOBAHKE PACTKEHUA Mo0era cOoTBETCTBEHHO Ha 27,2 u 34,4% nipu 0IHOBPEMEHHOM
YMEHBILIEHUH YHCTIa Y3JI0B Ha odere cOOTBEeTCTBEHHO Ha 36,4 u 40,9%.

[TokazaHo, 4TO CTUMyJHpYIOIIEee JACHCTBUE OaKTepWil Ha POCT U aJaNTaIlHuio
CBSI3aHO C WX BJIMSIHUEM Ha COJIep’KaHWEe TOPMOHOB B pacTeHUsX. [loBbIllIeHHE ypOBHS
ayKCUHOB M IIUTOKWUHUHOB B JINCTHSIX W MOOErax pacTeHWl MOJ BIUSHUEM OaKTEpHid,
OUYEBUIHO, WTPAcT BaXHYI POJb B CTHUMYJLIIUH pocTta pacreHuid. CyliecTBEHHOE
iausHue mrtamma A. baldaniorum Sp245, sBisiercs cieAcTBHEM OCOOCHHOCTEH €ro
BJIMSIHUSL HA TOPMOHAJIbHYIO CHCTEMY PACTCHHI B YCIOBHUSAX IN VItro.

bakrepuun A. baldaniorum Sp245 He TOJbKO CTUMYJIUPYIOT POCTOBBIE ITPOIECCHI
B PaCTeHMSIX KapTo(dess U MIISHUIIbI, HO U CITIOCOOCTBYIOT MOBBIIIIEHUIO OTJENIbHBIX IO~

KazaTeneil (coiep’kaHue KaJljlo3bl), CBS3aHHBIX C YCTOMYMBOCTBIO 3THUX PACTEHHH K
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OMOTHUYECKOMY CTPECCY, UTO, BEPOSTHO, MOXKET MOBBIIIATH alallTAllMOHHBIN OTEHIIUAI
MUKPOPACTEHHI B yCIOBHAX €X VItro.

Crumynupytolee BIUSHUE pU30c(epHBIX OaKTepuil Ha MUKpPOPACTEHHs KapTo-
¢eins B KynbType iN VItro B KaKOi-TO Mepe MOKET OMPEIEIIATHCS ISHCTBUEM JTUITOTIOIH-
caxapuoB MX KJIETOYHbIX CcTeHOK. Yuctele npenaparsl JIIIC moryt ¢ ycnexom ObITh
IIPUMEHEHBI I CUMYJIUPOBAHUs POCTa MUKPOPACTEHUM, YTO UMEET IIPEUMYILECTBA 110
CPaBHEHHUIO C JKUBBIMU OaKTEPUSIMU, TaK KaK HCKIIOYAET PUCK KOHTAMHUHAILIUU KYJIbTY-
peL. IIpu aTom ycraHoBieHO, 4TO npenapathl OakTepuanbHbX JIIIC, B KOTOPBIX A0S
OCTaTKOB (yko3bl © pamMHO3bl Obuta MakcuMmanbhoi (JITIC — Ochrobactrum
quorumnocens T1Kr02 u Azospirillum thiophilum BV-S), oka3piBanu HanbobIiee mo-
JIOKUTENIbHOE BIIMSHUE HAa POCT U Pa3BUTHE MUKPOPACTEHUH KapTodens, Kak MoOeros,
tak u kopHe#. [Ipemapar JIIIC mramma Pseudomonas chlororaphis K3, mpomemon-
CTPUPOBABILNN UHTHOUpPYIOIEee IEHCTBUE HA POCT MOOEra MUKpOpacTeHu kapTodens,
XapakTepu3oBajica HamuuueM O-moimcaxapujaa, COCTOALIEro u3  octaTkoB  N-
alETUIIMPOBAHHBIX AMUHOCAXapHUIOB.

HecoMHEHHBIM IPEUMYILIECTBOM HCIOJIB30BaHUsl PU30CHEPHBIX OaKTepHil sSBIIs-
€TCsl HU3Kasi CTOMMOCTh OMOIpEnapaToB Ha OCHOBE KUBbIX MUKPOOPTaHU3MOB, YTO HE
IIPUBENIET K CYLIECTBEHHOMY YJIOPOKAHUIO TEXHOJOTMH MHUKPOKJIOHAIBHOTO Pa3MHO-
KEHHS, a B KyIle ¢ MOBBIIIECHUEM 3(PPEKTUBHOCTU METO/1a MO3BOJIUT MOBBICUTh PEHTA-
OeJIbHOCTh MPOU3BOJICTBA 03[IOPOBJIEHHOT0 MOCaa04YHOro Matepuana. lllupokoe pazHo-
oOpa3ue BO3MOXHBIX MPUMEHEHHH IOJIE3HBIX MUKPOOOB B KYJIbTYpE pPaCTUTEIBHBIX
TKaHEW OTKPBIBAET HOBBIE BO3MOYKHOCTH JIJISI BBISIBJIEHUS MOAXOASIINX KaHIUIATOB, KO-
TOpble OYIyT MCHOJB30BATHCS HA PA3HBIX CTAAUSAX MHUKPOPA3MHOXKEHHUS, C OCOOBIM
BHHMaHHUEM K CO3/IaHHI0 KOHCOPIIMYMOB COYETAEMbIX ILITAMMOB JJis OOecrieueHus mnpe-
MMYIIECTB X (PYHKIIMOHAIBHON B3aMMHOW TOTIOJHSAEMOCTH.

Ha ocHOBaHuMM mOIy4EHHBIX pE3yJbTATOB MPELIAracTcsi ONTHUMHU3UPOBATH
METOJUKY MOJIyYE€HHUSI aCCOLMATUBHBIX PACTUTEIbHO-MUKPOOHBIX KOMILIEKCOB C LIEIBIO
NOBBILIEHUSI  3(PPEKTUBHOCTH  TEXHOJOTMM  MHUKPOKJIOHAJIBHOIO  Pa3MHOKEHUs
KapToens, B TOM 4YHCI€ B CUCTEME CEMEHOBOJCTBA O3J0POBJICHHOIO MOCAIOYHOTO

Marcpualia. Cxema ONITUMHU3AH MCTOAd MHUKPOKJIOHAJIbHOI'O PAa3MHOXKCHHUA B paMKax



TEXHOJOInM IMPOMU3BOACTBA O3JOPOBJICHHOI'O IMOCAJOYHOI'O MaTCpHajla BBITIIAAWUT CJIC-

nyromuM odpa3om (PucyHok 5.24).
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In vivo
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Pucynok 5.24 — Cxema onTUMHU3AIIMU METOJ]a MUKPOKIIOHATLHOTO Pa3MHOKEHUS

B paMKaXx TCXHOJIOTHH IIPOU3BOACTBA O3JOPOBJICHHOI'O ITIOCAT0OYHOI'O MaTCpHalia

KapTodens
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BeiBOoabBI

1. TlpennosxkeHa reHEeTUYECKasi MOJEINb, COCTOSIIAS U3 HA0Opa MOYTH U30TEHHBIX
JUHHUHA B reHo(oHEe copTa Msrkoi miieHuisl CapatoBckas 29, albTepHAaTUBHBIX 110 TEHY
KopoTkocTeOeapHocTH RNtB1C, 1 oTiMyarommxcs pa3aIndHON aKTHBHOCTBIO MoOpdore-
HETUYECKUX TPOIECCOB, KOTOPAsi MOXKET OBbITh MCIOIb30BaHA /I U3YUCHUS BIIMSIHUS
pa3MYHBIX (PAKTOPOB B KYJIBTypE COMATHUECKUX TKaHEH In Vitro.

2. TlpemioxeH HOBBIM MMOAXOJ K MOBBIIIEHUIO MOP(OT€HHON aKTHUBHOCTH COMa-
TUYECKUX KaJUTyCOB MIICHUIIBI: pr3obakTepuu poaa Azospirillum youteie HarpeBannem
MOTYT OKa3bIBaTh CTUMYJIHPYIOIIEE BIUSHUE HA BBIXOJ MOP(OTCHHBIX KAJTyCOB M pe-
TEHEPAHTOB, B OTJIMYUU OT KUBBIX KJIETOK, KOTOPbIE BBI3bIBAIOT (DUTOMMMYHHBIE PEAK-
IIUU ¥ HEKPO3 KIIETOK KaJLTyCOB.

3. ¥YcraHoBieHO, yTO JMmonoyiMcaxapuasl 0aktepuit A. baldaniorum Sp245, A.
brasilense sp 7 u A. lipoferum SR65 ctumynupyroT mporecchl BTopudHoi nuddepeH-
[UAIM ¥ PETeHEPAlMOHHYI0 CIIOCOOHOCTh KaJUTyCHBIX KJIETOK TIICHHUIIBI, TMOBBIIIAs
3¢} (HEeKTUBHOCTh KYJIbTUBUPOBAHUS T€HOTUIIOB C HU3KUM MOP(QOreHHBIM MOTEHIIUAIOM.
HaunGomnpiel pu3nonornyeckoil akTHBHOCTbIO B OTHOILIEHUHU KaJUTyCHBIX KJIETOK 00J1a-
naet JIIIC, npucyTcTByronui B cpefie KyJbTUBUPOBAHUS B KOHLEHTpauu 10 MKr/mil.
Crnocoonocts JITIC pusochepubix Oakrepuii poma Azospirillum spp. crumynupoBath
MOp(hOTeHe3 COMaTUYECKUX TKaHEHW MIIEHHUIIbI ONpeneseTcs] CIeUPUIHOCTHI0 MeXa-
Hu3MoB AeiictBus JIIIC acconuaTuBHBIX OaKTEpHU M 3aBUCHT OT OCOOEHHOCTEH CTpoe-
HUS TIOJTUCaXapuioB.

4.  OmpeneneHbl ONTUMATBHBIC YCIOBHS JJISI IPOSIBIICHUST POCT-CTUMYJIUPYIOIICH
I PACTEHMM AKTUBHOCTH OaKTepHil. KOHIeHTpaumus Oakrtepuii 10° kmetox B M
MOJTY>KAJIKOM THTATENIbHON Cpeibl C COAep)KaHWeM arap-arapa 3,5 T/l W TOJHBIM
coctaBoM cojeii mo mnpomucu Mypacure-Ckyra. baktepun, HecnocoOHblE K
CaMOCTOSITEILHOMY  pOCTy Ha  MUTATeNbHOM  cpeae g KyJbTUBUPOBAHMS
MuKkpopacteHuii (Hampumep, A. brasilense sp7, A. baldaniorum Sp245), moryr
3¢(dEeKTUBHO  HMHOKYJIMPOBATh MHUKPOYEPEHKH KapTodens ¢ MepBbIX JHEH

KyJbTUBUPOBaHMs IN VIIr0 ¥ CTUMYyJMPOBaThH POCT MOOErOB W KOpHEW. bakrepuw,
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aKTUBHO aBTOHOMHO pacTylllMe B MuTaTeNbHOU cpene (Hampumep, O. cytisi IPA7.2),
MOTYT UCTOJB30BATHCS KaK POCT-CTUMYJIUPYIOIIUE TOJIBKO BO BTOPOI MMOJIOBUHE WUJIH B
KOHIIE TIeproJia KyJIbTUBHUPOBaHHUS IN Vitro.

5. Baxrepuzamus Oaxtepusimu A. baldaniorum Sp245 moBbimaer kayecTBoO
BBIPAIMBAEMBIX PACTCHHI KakK B KyJbType IN VItro, Tak ¥ B yCIOBHsX €X Vitro mo
CPaBHEHHUIO C CYIIECTBYIOIIEH TPAAUIIMOHHON TEXHUKOM HMX MHUKPOKIOHAIBHOTO
pasMHOkeHus. Ha srtame KymbTuBupoBaHHs IN VILro y OakTepH30BaHHBIX pacTCHUIA
JIOCTOBEPHO YBEJIIMYUBAETCS YHUCIIO Y3JI0B Ha noberax u kopHeil. Ha stane agantanuu
YCIIOBHSIM €X VItro y OakTepu30BaHHBIX PACTEHUI CYIIECTBEHHO MOBBIMIACTCS CKOPOCTh
pocTa mo0eroB 3a CYET YBEIMUCHHUS UX JJIMHBI U (POPMUPOBAHUS HOBBIX y3JIOB C JIUCTh-
MU, a TaKXKe IUIOIAAN MOBEPXHOCTH JHUCThEB. lIpHKMBaeMOCTh MHOKYIMPOBAHHBIX
OaKTepusIMU PACTEHUH B €CTECTBEHHBIX YCIOBHSX B CpPEeIHEM IO T€HOTHIIaM TOBBIIIA-
€TCsl 110 CPABHEHHUIO CO CTEPUJIBHBIMHU pacTeHusMu B 1,5 paza. YpoxallHOCTh MHMHHU-
KIyOHel ¢ 1 pacTeHus y OaKTepU30BaHHBIX PACTEHUN B CPEIHEM II0 COPTaM yBEJIWYU-
BaeTcsa Ha 40% 10 CpaBHEHUIO C KOHTPOJIEM.

6. Ilocie oAHOKPATHOW MHOKYJISIIMM MUKPOPACTEHUH KapTodess B KyJIbType In
vitro 6akrepuu poga Azospirillum coxpaHsSrOTCs B psIy MOCIIEIOBATENBHBIX MacCaXeH,
YTO JIeJaeT METOAWKY CTHMYJIHPOBAaHUS POCTAa PACTCHHH NPU MHUKPOKIOHATHLHOM
pa3MHOXEHMHM C TOPUMEHEHHEM  aCCOLIMAaTUBHBIX MHUKPOOPTaHHU3MOB  BBICOKO
TEXHOJOTHYHON. bakTepun COXpaHSIOT POCT-CTUMYIMPYIONIYI0 CIOCOOHOCTh B
OTHOIICHUH MHKPOPACTCHUN B MpOIlecce MAcCUPOBAHUS B KyJbType IN VItro u mpu
aJlanTalui MUKPOPACTCHHUN B YCIIOBUAX €X VItro.

7. OOHapyXeH MOJIOKUTENbHBIA d3PPEKT KO-MHOKYISAUUA MUKPOPACTEHUN Kap-
Todenss B KynbType IN Vitro 0akTepualibHBIMHU MITAMMAMHU Pa3HBIX TAKCOHOMHYECKUX
rpynn. MakcumanbHbIA MOJOKUTENbHBIN 3 (EKT OT KO-WHOKYISIUU MUKPOPACTEHUMN
kaptodens B KyabType INn Vitro nadmogamu B Bapuante A. baldaniorum Sp245 + K.
rosea T1Ks19.

8. Tlokaszano, uto cTHMYyIHpyolee aciicteue Oakrepuit A. baldaniorum Sp245
Ha POCT WM AJaNTalli0 MUKPOpPACTeHWH Kaprodens B ycIOBHsX IN VItr0 cBsi3aHO C

IOBBIICHUEM YPOBHA aYKCHMHOB M LIUTOKMHHWHOB B JIUCTBIAX U rmooerax. BaKTCpI/II/I A.
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baldaniorum Sp245 cmocoOCTBYIOT HAKOIUICHHIO KajIO3bl B JIMCTBAX M KOPHSX, YTO
MOJKET MOBBIIIATD aJaNTAllMOHHbBIN MOTEHIIHAI MHKPOPACTCHHUI B YCIIOBHUAX €X Vitro.

9. Jlunomonucaxapuasl puszoOakTepuii, Hampumep, Azospirillum brasilense
SR88 Azospirillum thiophilum BV-S u Ochrobactrum quorumnocens TiKr02, moryt
OBbITh MPUMEHEHBI I CHMYJIMPOBAHUS POCTA MHUKPOPACTEHHI, YTO HCKIIOYAET PHCK
KOHTAaMHHAIMH KYJIbTYPBI [0 CPABHEHUIO C UCIIOIb30BAaHUEM JKUBBIX OaKTEPHIA.

10. Co3nana MOJCpHU3MPOBAHHAS TEXHOJOTHS IMPOM3BOACTBA O03I0POBICHHOIO
MOCaJ0YHOT0 MaTepuaia Kaptodess, OCHOBaHHAs Ha (OPMHPOBAHUU SPPEKTUBHOTO
PaCTUTEILHO-MUKPOOHOIO aCCOIMATHBHOIO KOMILICKCA MEXIy MHKPOPaCTEHUSIMH

KapToQeis U )KUBbIMH PU30CHEPHBIMU POCT-CTUMYJIUPYIOIIMMHU OAKTEPHUSIMHU.

IIpakTHYeckune npeaioKeHust

PexoMeHlyeTcs TpU HCMNOJIB30BAHUU KYJBTYPhl COMATHYECKHX KaJUIyCOB
NIICHUIBl [T TOBBIIMICHUS] MOP(OTCHETHUECKOM M pPEeTeHEepPallMOHHOM aKTUBHOCTHU
BBOJIMTH B COCTaB MHAYKIMOHHOW muTaTenbHoi cpeanl JITIC A. baldaniorum Sp245 B
KoHIeHTpauuu 10 mr/n. B cucreme ceMeHOBOJCTBA O30POBJIEHHOIO MOCAIOYHOIO
Marepuana kaptodens Ha 3Tane MHKPOKIOHAJIBHOTO PAa3MHOXXEHHUS  CJEIyeT
WHOKYJINPOBAaTh MUKPOUEPEHKH Ha JTale KyJIbTHBHPOBAaHHUS IN VIro cycneH3usMu
Oaktepuii A. brasilense sp7 u A. baldaniorum Sp245 wnu komOounanueit A. baldaniorum
Sp245 + K. rosea T1Ks19 B koHIIeHTpaIuu 108 x1eTOK Ha MJT TUTATEIBLHOM cpennl s
CTUMYJIMPOBAHUS POCTa MUKPOPACTCHUI W TIOBBIIICHUS UX aIallTAlIMOHHON CTIOCOOHO-
CTH.

IlepcnexkTHBBI JaIbHeHIICH Pa3pa00TKH TeMbl

B nanbHeWmux MCCIETOBAHUSIX MOXKET OBITh PACIIUPEH TMEPEUYCHb H3YdaeMBbIX
pusochepHbIx OakTepuil 1t morcka 3PPEeKTUBHBIX MHOKYJISHTOB. Heobxoaumo mpo-
JIOJDKATh HMCCIIEIOBAaTh MEXaHU3Mbl BO3JEHCTBUS PU300aKTepUil HA KJIIETKA U TKaHU
pacteHuii in Vvitro, ex vitro u in vivo, a Take UX poJib B TMOBBIMICHUH TOJECPAHTHOCTH

paCTCHI/Iﬁ K OMOTHYECKUM M a0HMOTHYECKUM cTpecCam.
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Cnmcok cokpanieHui U yCJIOBHbIX 0003HAYCHUI

2,4-]1 — 2.4-nmuxnoppeHoKCUYyKCYCHas! KMCIIOTa;

6-bAIl — 6-0eH3MIaMUHOTTYPHIH;

ABK — abciin3oBast KHCIIOTa;

NITA — N6-u3onentenunaneHo3ut (iPA)

NYK — ungonun-3-ykcycHasi KUCIIOTa,

NDA — ummyHODEpMEHTHBIN aHaIN3;

JITIC — nunononucaxapun,

MC — niurarensHas cpena Mypacure u Ckyra;

[TAU — nponudepaTUBHBIN aHTUTEH WHUITUATICH;

[IIIP-PB — meTox nmonuMepa3Ho LENHOM PEAKIIMK B PEAIbHOM BPEMEHH;
PGPB — pusochepubie poct-ctumynupytomue ©Oakrepun (plant growth-

promoting bacteria).
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CJsoBapb TepMHHOB

buonieHOTHYECKHIT CITOCOO KYJIbTUBHUPOBAHUS KJICTOK M TKaHEH pacTeHwui in Vitro
— €moco0, OCHOBAaHHBIM HA CO3JIAaHUHM B YCIOBHUSX IN VIlr0 aKTUBHBIX PaCTUTEILHO-
MUKpPOOHBIX acCOIMaIfii, OCHOBAHHBIX Ha MYTYQIMCTHUYECKUX OTHOIICHUSIX CUMOWOH-
TOB,;

['HOTOOMOHTHAS KyJIhTypa — CHOCOO aCeNTHYECKOTO BBIPAIMBAHUS OpraHU3Ma,
KJICTOK WJIM TKaHEH;

['omoOnoHTHAs KyJabTypa — CHCTEMa OPTaHW3MOB, BKIIFOYAIOIIAS dyKapHOTHYE-
CKH MakKpOCUMOHOHT C MUKPOOPTaHMW3MaMHU 3K30- U IHAOCUMOMOHTaAMU (MUKPOCHUM-
OMOHTaMU);

JIunononucaxapun (JIIIC) — makpomoriekysia, cocTosimias u3 mnojaucaxapuia, Ko-
BaJICHTHO-COEJMHEHHOTO C JIMIHUIOM, OCHOBHOW KOMIIOHEHT BHEIIIHEW MeMOpaHbI rpa-
MoTpunarenbhbix Oaktepuid. JIIIC BkirodyaeT 3 KOBaJIGHTHO-CBSI3aHHBIX KOMITOHEHTA:
aunua A, UEHTPpAIbHBIN onurocaxapui, O-aHTUTEH;

MeTtoa KIIOHATBHOTO MHUKPOPa3MHOKEHHUS (MUKPOKIIOHATIBHOTO pa3MHOKEHHS) IN
VItrO — MeTOJT BEreTaTMBHOTO Pa3MHOXCHHS PACTCHHI C MCIIOJIb30BAHUEM TEXHOJIOTHH
KYJIbTUBHPOBAHUS KJICTOK, TKaHEH ¥ OPraHOB pacTeHHH iN Vitro;

[Tpomudeparupnbii anTureH uaunuanei (ITAM) — muTo301bHBIN OCIIOK, SIBIISIO-
IIUICST MOJICKYJIIPHBIM MapKEpOM MEPUCTEMATHICCKUX KJICTOK MIIICHHUIIH;

Pusocdepubie pocr-crumynupyromue 6axtepuun (plant growth-promoting bacte-
ria, PGPB) — GakTepun pa3iMuHbIX TAKCOHOMUYECKHUX IPYIIN, OOMTaOIKe B pu3ochepe
¥ CIIOOHBIE CTUMYJTUPOBATh POCT PACTCHUIA;

OMOpHOHIOTeHE3 B OPraHOTeHEe3 B KYJIBTYPE COMATHYECKUX KIIETOK — HaIpaBJie-
Hue MopdoreHesa B KyJIbType COMaTHUCCKHUX KJIETOK M TKaHEW pacTeHui in Vitro mpu-
BozsIIee K (DOPMUPOBAHUIO COMATHUYECKUX SMOPHOUIOB WM OPTraHoB (MOYEK, MoOe-

rOB);
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MbI, HIKENOANMCABINMECs, MpeacTaBuTens FIHCTUTyTa OHOXMMHH U
(GU3NOTOTHM pPACTEHHH M MHUKPOOPraHM3MOB — OOOCOONEHHOIO CTPYKTYpPHOIO
nozapasaenenuss @enepalbHOr0 TrOCYAapCTBEHHOTO OIOPKETHOTO yUPeXKICHHUS
Hayku DemepalbHOrO HCCIEIOBATENBECKOTO lLieHTpa «CapaTOBCKUH Hay4HBIH
neutp Poccuiickoit akagemun nayk» (MBO®PM PAH), pykosomutens MbOPM
PAH — Maropa Jlapuca IOpseBHa, ¢ OZHOH CTOPOHBI M NPEJICTaBHTENb
denepaabHOr0 rocyIapCTBEHHOTO OOKETHOrO 00Pa30BaTEeNBHOIO YUPEXKICHUSA
BeIcIIero o0pazoBarus «CapaTOBCKHHA rocy/1apCTBEHHbIN YHUBEPCUTET FEHETHKH,
OworexHonmorud W uHkeHepun umenn HJA. Basmwmoray (OI'BOY BO
BaBHIOBCKHI YHHBEPCUTET), MPOPEKTOP II0 HAYYHON M HHHOBAILMOHHOW paboTe —
Henncor Koncrautvud EBrenseBud, ¢ Apyroit CTOPOHEI, COCTABUIN HACTOSIIHNA aKT
O TOM, YTO B pe3yJbTaTe INpPOBEACHUS COBMECTHBIX HCCIEAOBaHUN B paMKax
JIOTOBOPOB O TBOPYECKOM COTPYHUYECTBE IIOIYUEHBI ClIe{yIOLIHe Pe3yIbTaThL:

1. OOHapy>xeHO, YTO TpoNrdepaTUBHBEIA AHTHIeH WHUIMANBHBIX KIETOK
(TITAV) MoxeT CIOyXUTh MapKepoM MOpP(OTreHEeTHUYECKOH aKTHBHOCTH
COMAaTHYECKUX TKaHE} MIIeHNLIEL.

Ycra”oBieHa cnocobHocTs Jumnononucaxapunos (JIIIC) OGaxrepuit
Azospirillum baldaniorum Sp245, A. brasilense Sp7 u A. lipoferum SR65
CTUMYJIUPOBATH MOP(OreHeTHYeCKHe IIPOLIeCChl B COMATHYECKUX TKaHAX
nieHunsl. D dexktuBHocts JIIIC mrammoB Azospirillum spp. 3aBUCUT
OT 0COOEHHOCTEH CTPOCHHUS NONHCAXAPH/IOB.
3. M3 kopHe#l kapTodens BbLIeNeHbl INTaMMblI pU30OC(EpHBIX OakTepuit
Ochrobactrum cytisi IPA7.2, Ochrobactrum sp. T1Kr02, Kocuria rosea
Ti1Ks19,  Ensifer  adhaerens T1Ksl4, obnagaromue  pocT-
CTUMYJUPYIOLIeH aKTHBHOCTEIO 110 OTHOILICHHUIO K pacTeHusaM. [IlTaMMEr
BHECEHB] B KOJIEKLHIO prU3ochepHbIX MukpooprannmMos UbOPM PAH
(http://collection.ibppm.ru/).

PesynbraTel HcCleToOBaHUM MCHONB3YIOTCSL UL PEISHHS HAyYHBIX W

IIPOU3BOZCTBEHHBIX 3a/1a4 Pa3InuHOTO YPOBHSL.

NS

[IpencraBurens UBO®PM PAH IIpencraBurens ®I'BOY BO
PyxoBogutens UBOPM PAH BasuroBckuii o
IIpopekTopi
/7{ JLIO. Maropa £ HICOB
LD [Ptrnofps 2025 . « Py 2025 1

MLI( MLIT.
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IIpunoxenue B

@®ENEPAJTBHOE TOCYJIAPCTBEHHOE BIOJUKETHOE
HAVYHOE YUPEKIEHUE
{-:'-'IFEI[EPMBHHF] AI'PAPHBIH HAVYHBIH LIEHTP
HOITI0-BOCTOKA»

Agpec: 410010, Poccua, r, Caparos, ya. Tynafixona, 7
Ten.: (8452) 64-77-3% dawe: (8452) 64-T6-88
e-mail: raiser saratov@mail ru
bt/ fwww arisersar.ru ~
OF 70, A W AT
Ha hu or

AKT
O BHEIIPCHI Pe3yIbTATOR MICCEPTANIIOHHOrO IIccaenoBaniA [kageHko O.B. Ha
Temy «Bakrepun poja AZospirilfpn X JIQNOANCEXEPIIE] Kak (akTop
CTHMYTIHPORAHHA MOPhOTEHE3A TIIEHIIIE I KapTodeIs B KyIRTYPe TKaHer i
vifrg» B HAyIHO-TIpoIBBoAcTBeHHENI nponece @PTEHY «PAHI] ¥Oro-BocTokax

B deneparsHOoM ToCyJapcTBeHHOM ORDKETHOM HAyIHOM  VIpEe&ICHII
«emepaTLHLIT arpapueil HAaVuHENT reuTtp KOro-BocTokay BEHedpeHEl pe3yILTATED
ANCCEPTANHOHHOTD  IICCIEJ0BAHITH 'E'.HEEII,}'I-D]]IEE KEI-E]_:IE,EIPGﬁ {:Pamemlenn,:n:raﬂ,
ceTekund 11 renetikay CTBEOY BO BapwoBCENI VHIBEPCHTST TKATeHKO OKCAHET

BrkropoeHs! o TeMe «Bakteprnl pona Azospirillum 1 X JIoNoHicaxa piibl KK
DAETOR. STIMYTIDORAHIE MO oTeHe3a MITEHIIRT 1 KAPTOMETS B K¥IETVPE TRAHETT

in vitre» B HayIHO-TIICCISIOBATEILCKYIO padoTy madoparopiml  KIeTOTHOIN
CeISKITHII:

- HCIIOIE30BAHE! TAHHLIE O CBOIICTBAX MAPET [TOTII II30TeHHBIX COCTPIHCKIIX
mHml Markoil nmennnsl copra CaparoBckad 29, albIepHATHBHBIX [I0 IeHaM
KopoTkocTebeasHocTH fA-A ] c, Ncmonk30BaTRCH B KASECTRES MOIETH TP MEVEeHIT
MOphOTeHETIMECKOIT AKTHBHOCTH KALTVCHEIX KISTOK:

- HCIDJIE20BAHE] JaHHEIE 0 MapEepHBIX CBollcTBax Oelka npomidepaTneHoro
AHTITEHA MHIIMATEHET KTeTok (ITAIT).

Hupexrop ®I'EHY s
wDAHIL }Gmﬁﬂcmxari,ﬁ‘ wi
K.C.-X.H. F ¥ o L

=7~ C.H.Tanonos

@’&yﬁ Z— TH. Jleauyk
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[Ipunoxenue I'

% « YTBEPKAIO »
C QFBOYEO [lenszenckuii FAY

'
o
> .

/ ’/"'v_/
o SECRRS I, 7 4 O.H. Kyxapes
) D "‘A"""‘ N e @
&;* 5,-3;;;,’(,-« i » cca;»‘c}.ﬂz 2025 r.
LT Lot
N e A

AKT

O BHE/IPEHIN Pe3y/ILTATOB JICCEPTAIIOHHOTO Hecenopanns Tkauenko O.B. Ha
TeMy «bakrepnu poaa Azospirillum 1 ux aunononicaxapiisl Kak ¢axrop
CTHMYIHPOBAHIA MOpdOreHesa MIEeHNIB! I Kaprodens B KyIbType TxaHeil in
vitroy» B HayuHo-o0pasosareasHoM npouecce PI'bOY BO Ilensenckuii FAY

B-  ¢eaepansHoM: rocyaapcTBeHHOM  OIO[UKETHOM®  00pazoBaTe/IbHOM:
yupeAKIACHII" BRICIIEro: obpazoBanns- «IleH3eHCKHiT rocy1apCcTBEHHBIIT arpapHbIil:
VHHBEPCHTET»* BHEJAPCHBI® PE3YJIBTAThl® JCCEPTAIHOHHOIO® HCC/ICA0BAHNA"
3aBeyoneii- Kadeapoii- «PacTeHHeBoOACTBO, - cenekuns 1 redernka» IOV BO-
Basitopexuii- yausepenrer: Tkauenko Okcansl- BHKTOPOBHEI 110 TeMe- «bakTepin:
poa- Azospirillum: w- uX: JHIONOMNCAXAPH/B!" KaK* (PAKTOP: CTHMYJIHMPOBAHHA"
MopdoreHesa: NIIEHNIL - 1+ KapTodend: B: KyJIbType: TKaHeil: in- vilro»: B Hay4HO-
HCCIe10BaTeILCKOIT 11 00pazoBaTenbHoIl eaTenbHoc T Hayuno-obpaso — (cul - joro-
neHTpa-cenekunn-n-ceMenopoacTBa Kapropena (HOICHCK)g

- HCNOJAB30BAHBI® METOIbI® O3JOPOBJICHHA" IOCAJOYHOIO' Marepuaiar
CeJICKIHOHHBIX JIHHHIT KapTodens.§

-"BHEAPEHBI METOAbI ' MHKPOK/IOHAILHOIO PA3MHOKEHI Ce/ICKIIHOHHAIX JIHHIIT
kaproens;§

-+ Pe3yAbTATBI® HCCACAOBAHMIT HCHOAB3YIOTCA® JUIA" TOBBIICHHA' YPOBHA,'
3pdexTHBHOCTH I KaYeCcTBa" NOJATOTOBKH" CICIHAIICTOB® arpolpoOMBIIJIEHHOI 0
NPOH3BOJACTBA,: (POPMHPOBAHHA® Y- HIX" COBPEMCHHEIX" npodecCHOHANBHBIX
KOMIICTEHIINIT I 'HAYYHO-NIPAKTHYECKHX ‘HABBIKOB. Y

1

|

Pykosoaurens HOLL CuCK,

KaH/. C.-X. HayK A.A. KaGyuun
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[Ipunoxenue /]

Axt

o saeapenun HAOKP B mpou3BoicTBO

B xpecthanckom (depmepckom) xossiictee IT rmasa KOX Ilepenko [Taper
IOpreBua B 2018-2020 rT. ObLIM NPOBENCHBI IMPOU3BOACTBEHHBIC HCIIBITAHUSL
PEe3YNBTATOR  HAYYHO-MCCIEAOBATENBCKOH — paboThl  JoueHTa  Kaexpsl
«PacrenneBoxcTBO, cenexkuus u reaetuxa» O@IBOY BO Capatosckuit 'AY, Kann.
c.-x. Hayk Tkadenko OxcaHbl BHKTOPOBHBI II0 CEMEHOBOJCTBY Kaprodeis,
[POU3BEIEHHOTO [0 OPUIHHAIBHOM TEXHOJOTHM O3JOPOBICHHA IIOCAJ0YHOI0
MaTepHala Ha OCHOBAHWM MHKPOKJIOHATBHOTO Pa3MHOXEHHA B KyIbType in vitro.
IIpencTaBieHnsle MUHU-KIyOHH KapTodens oOecreduiy BBICOKOE KadecTBO

IIOCaOYHOIr0 MaT€pualia 1 NOBBIMLICHUC peHTaGCJII:HOCTI/I IIPOM3BOACTBA B CPCAHEM

He MeHee, ueM Ha 30%.

~ ILIO. Ilepenko

I'maBHBIM arpoHOM

K®X UII rnaa KOX Ilepenxo [1.IO. 10.B. Cypos

« 7B» taedhp 2020T.
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[Ipunoxenue E

O BHEAPEHII PE3yILTATOB JICCEPTALIIOHHOrO Iecaenosanns Tkavenko O.B. Ha
Temy «baktepint poaa Azospirillum n vX JNOCNOMICIXIPILIN KaK pakTop
CTHMYINPOBAHNA MopdOreHesa MuIeHIUL! 11 KapTodeas B KyabType TKaHeil i
ng}z» B HAYIHOM Nl oOpazoBartebHOM npouecce I'BOY BO Basiiosckimil
YHIIBEPCIITET

Pesyasrars guccepraunonioro ueeaenosarns 0.8, Trauenxo nenonssyores
B yucOnoM npouecce  PeaeparbHOrO  rOCyApCTBEHHOro  GloKeTHOro
ofpazoparesHoro  yypexacums  swcwero  ofpasosanmx  «Caparoscxuit
rOCYAAPCTRCHHNA YHHBCPCHTET reHETHKH, OHOTEXHOAOIHM M HIDKCHCDHH HMCHH
H.H. Baswiosan npu wresum xypea no aucumnanne «Ceanckoxoisicrsennas
Guorexnonorusy A ofyqalommxcs no HanpasaeHnio 35.03.04 «ArpoHoMU)
HanpamicHHocTH  (npodmas)  «Arpomomus»,  «3ammra  pacremmit  ©
puTOCanNTApHLIL KOHTPOALY, «Cenexuns i CEMEHOBOACTBO
CCNBLCKOXOIRMCTBEHHMX KYARTYP», N0 AMCuAIMHAM «BHOTEXHOZOIMYECKHE
MCTO/IBI B CCACKUMH M ceMenoposicTaey, «Knetounas cenexunsy», « BHOHIDKEHEpHA»
s ofyvaommxces no sanpanaennio 35.04.04 «ArpoHoMHs» HANPARICHHOCTAM
(npodmasn) «HHHOBAMONHMIC TCXHONOIMH B CENCKUMM M CCMCHOBOACTBC» H
«FeHeTHKE ¥ CENCKUMA PACTEHN», & TAKKE N0 AHCUMNIHEAM «BHOTEXHONOIHAN,
«bruonnxenepun» #  «BHONOIrHYMECKHE nNpenaparkl B PACTCHHCBOACTBE» A
obyuaouxcs no  wanpasacumo 35.04.04  «ArpoHoMHS» HANPABACHHOCTH
(npodumo) «ArpoSHOTEXHONOI MM,

B pavxax nposeacHMs HCCHEAOBAHMA NO TeMC AMCCEPTAUMM NPOBOAMAACH
HAYYHO-HCCHCJIOBATEILCKAR paboTa CryACHTOB, MATCPHAIL! KOTOPOH jeraM s
OCHOBY BBITYCKHLIX KBRIHGHKAUMOHHEIX paoT.

Pesyastatsl HeCneoBaHMil MCNOABIOBAHN NPH COZTAHMM M NOARCPKAHKUM
KOICKIHH O3TOPORICHHOTO MOCATOUHOIO MaTepHana xapTodens.

JlpexTop MHCTHTYTa FreHCTHRHN 1 arponosane TP
Kana. c-x. nayx /\/ H.B. Pxzanucs
N //
L



