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Puzocdepnbiii 3¢ dekT (M3MeHeHHe COCTaBa COOOMIECTBA MHKPOOPraHH3MOB IO JeiiCTBHEM
KOPHEBOIi IKCCYallMi PACTEHHii) NIMPOKO OCBELIEH B HAYYHOUl JUTepaType. YOeAnuTebHO MOKA3aHA €ro
3aBHCHMOCTb OT TAKHX BHEMIHHX ()AKTOPOB, KAK THN MOYBbI, BHA W COPT pacTeHuss W T.n. 3anayeit
HACTOsIIEH padoThl CTANO0 M3ydeHHe BIWSHHUS THNA MOYBBI M BUIA pacTeHuss Ha pu3ocdepnbiii 3¢ dexr
NpA NMOMOINM COBPEMEHHBIX METOIUK BbICOKONPOHM3BOIUTEILHOTO CEKBEHMPOBaHHs. DTa MpodjeMa He-
OJHOKPATHO PaCCMATPUBAJIACh MHOCTPAHHBIMA KOJLIETAMH, OJJHAKO MOIO0HOE MCCIIe0BAHNE HA POCCHIi-
CKHX MOYBAX M KYJIbTYPaX, HCHOJb3YEMBIX B OTEYECTBEHHON ATPOMPOMBINLIEHHOCTH, OBLIO TMOBEIEHO
Bnepsbie. B padore mcnob30BaIMCh JBe KOHTPACTHBbIE MO ATPOXMMHYECKHM IMOKA3aTeNsiM MOYBbI —
gyepHo3eM (Boponexkckas 00i1.) u aepHoBo-moa3oimcras mouBa (IIckoBckas 001.). CemeHa pxu
(Secale cereale L., k-6469 no karanory BUP, mectHblii copt, ucnoan3yemsiii B IIcKoBckoii 001acTn)
u nmmennusl (Triticum aestivum L., copr Bommeonuna, k-54609 mo karamory BUP) (moayyensi u3
koJuiekiun BUP, r. Cankr-IleTepOypr) BoipammBaim B BEreTAMOHHOM JIOMHUKE HA 00enX MOYBAX B Te-
gyenne 42 cyr. Ucnoasdys NGS-ceksennpoBanue V4 apuadesabnoro ydacrka rena 16S-p/IHK, mpo-
AHAIM3MPOBAJIM COCTAB COOOLIECTB MHUKPOOPTaHW3MOB MCXOIHBIX MOYB M C()OPMUPOBAHHBIX HA HUX PH-
3ocep. HecmoTps Ha He0GOJBIIYIO [UINTENBHOCTh IKCIIEPUMEHTA, B 00€HMX MOYBaX ObLT BbISIBIEH BbIpa-
XKeHHblii pusocdepusiii 3dpdekr. Haubonee cuibHbiM (pakTopoM oKasajica tun mousbl. CooOmecTsa
HCXOJHBIX TOYB, 2 TAKXKE Pa3jinuHble pu3ocdepHbie coodmecTBa, chopMUpOBaHHbIE HA ITHX NMOYBAX,
JOCTOBEPHO OTIMYAINCH APYr oT Apyra. JIjis o0enx moYB MOKA3aHO COXPAaHEHHE 3TOil 3aKOHOMEPHOCTH
npu dopmMupoBaHnu pu3oc(epHbLIX COOOUMIECTB MUKPOOPTAHM3MOB Yy PXKM M MimeHunbl. Bun pacrenus
ObLT BTOPHIM MO 3HAYMMOCTH (IOCJIe THNA NMOYBBI) (DAKTOPOM, ONpEAEIAIOMHM TAKCOHOMHYECKHI CO-
craB pu3ocgepHOro MHKpoOHOMa. Y pXKH coo0mecTBa pusochepsl B eJOM 0Ka3aIHCh HECKOJbKO OJIH-
JKe K co00mecTBaM MCXOAHBIX NMOYB, YeM y mmeHnnbl. Takxke coodmecTBa pu3ocdep pKu HA AEPHOBO-
MO/A30JIUCTOI T0YBe, MO JAHHBIM KJIACTEPHOTO AHAJIM3A, OJM3KM MO CTPYKType K COOOIECTBAM HMCXO.-
HO#l mouBbl. TaKCOHOMIYECKNiT MUKPOOMOMHDII aHAIN3 COOOIECTB HA YPOBHE ()W MO3BOJHJ BBISIBUTH
Ipynnbl, B Han0O.IbIlell CTeneHu OTBeTCTBeHHbIe 3a pusocdepnbiii Ipdekr. Dopmuposanue pusocdep-
HBIX COOOLIECTB CONMPOBOXKIANOCh YBEJMYEHHEM KOJMYECTBA TNOCJIEJOBATENBHOCTENH, XapaKTepHBbIX s
Kinacca Betaproteobacteria, npu cHUXKeHMH 4Mcla npeactasuteneid ¢umibl Verrucomicrobia. Coveranue
0C00eHHOCTEl 1ePHOBO-IOA30JMCTO MOYBbI M BbIPAIIMBAEMOii HA Heil MIIEHHIIbI NMPHBOIMT K 3HAYM-
TeJIbHbIM M3MeHeHnsiM B cooOmecTse. [lo pe3yapTaTaM BceX aHAIHM30B 3TH COOOIIECTBA CYIECTBEHHO
OTJIMYATCS OT COOOHIECTB MCXOAHOW MOYBbI M pu3ochepbl pKU HA €PHOBO-NMOA30JMCTOH TMOYBE.
Bo3M0KHO, 3TO CBA3aHO ¢ yBeaumdeHHeM A0Jm Oakrtepmii m3 pona Flavobacterium (dpuna Bacteroide-
fes) B yKa3aHHbIX cooOmecTBax. TakumM 00pa3oM, MpH MOMOLIM METOJA BbICOKOMPOW3BOAUTEILHOTO
CEeKBEHHPOBAHMS, 00J1a/Ial0IET0 BBHICOKOW pa3pemiaomeil CrOCOOHOCThI0 W BO3MOXKHOCTBIO MCCJIEN0-
BaTb B TOM YHCJIe HEKYJIbTHBHPYeMbie ()OPMbI MUKPOOPTaHM3MOB, ObLIO HAINISIIHO MOKA3aHO HAJIMYME
pu3ocdeproro 3¢¢exTa npu BHIPAIMBAHUN KYJbTYPHBIX COPTOB PACTEHHil, a TAKXKe NMPOJEMOHCTPH-
poBaHbI 0COOEHHOCTH B3aMMOJEICTBAS OTAENbHBIX (hopMupylommx ero ¢akropos. OnHako mis moa-
TBepxKAeHus pusocdepHoro 3ddeKra, a TakkKe 0ojiee MOAPOOHOr0 MCCIENOBAHMS MEXAHM3MOB, JI€XKa-
KX B €ro OCHOBE, HEOOXOAMMO JONOJHUTD NMPOBEJIEHHbIi HAMH TAKCOHOMHYECKHMil aHAJN3 MCC/IeN0Ba-
HHUSIMA, XaPAKTePU3YIOUIMMH CBSI3b CTPYKTYPbl pu30c()epHOr0 MHKPOOHOMA C COCTABOM PACTHTEJIbHBIX
3KceyaaToB. Jljis 3TOro 3aljIaHMpOBAHO NMPOBENEHHE PSIA MOAEIbHBIX SKCNEPHUMEHTOB MO BHECEHHIO B
MOYBY BEIIECTB, BXOASIINX B COCTAB KOPHEBBIX IKCCYIATOB MCCJIEIYEMBIX COPTOB PIKM W NIIEHHIIBI.

KmoueBbie ciioBa: pusochepHsiii 3ddekT, puzocdepHblii MEKpPOOHOM, pu3ocdepa pKu, pu3o-
cdepa NMIIEHUIBI, METATEHOMHDII aHAJIN3.

Puzocepa pacreHumii mpencraBisieT coboil 0coOy0 HMIILY, B KOTOpPOI
dbopmupyercst cnenrduyeckoe I KaXIOro BUAa PacTeHU MUKPOOHOE CO00-
mecTBo (1-4). CTpyKTypa 3TOro cooOliecTBa BO MHOIOM OIpEAeJIsIeTCsl COCTa-
BOM PaCTUTEJBHBIX 3KCCYIATOB, BEHIIOJIHSIIOIIMX KaK poJib CyOCTpaTa, Tak U pe-

* PaGota noanepxaHa PoccuiickuM HaydHbIM (OHIOM, TpaHT 14-26-00094.
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ryasaropHbeie GyHkumu (3-6). Biaromapst skccymalmy pacTeHUe aKTHBHO B3au-
MOJEHCTBYET C MOYBEHHON MUKPOOMOTOU, (OopMUpPYs MHKPOOHOE OKpYyKEHUE,
obecrieyrBalollee pacTeHUIo psia aganTHBHBIX MPEUMMYILECTB: 3allUTy OT maTo-
T€HOB, MUHEpAJIbHOE MUTAHME, afanTaluio K aOMOTUYECKHUM CTpeccaM, peryis-
uvio pa3putus (3-6). PazButue pacTeHus], poCT ero KOpHeil M KOpHEeBasi 9KCCY-
Iaius — CWIbHBIA OMOTUYEeCKMi (pakTop, BAMSIOIIMA Ha (OPMHUpPOBAHUE PU-
3ochepHoro Mukpoduoma (6-9). KayectBeHHOe M KOJIMYECTBEHHOE M3MEHEHUE
cocTaBa cOOOLIECTBA MUKPOOPTaHU3MOB MOJ €ro JSHCTBUEM M ITOJYyYMJIO Ha3Ba-
Hue pusochepHoro adpdekra (6, 8). [TokazaHo, YTO OH MPOSBISIETCS HEOTWHA-
KOBO Ha pa3Hbix Tunax mous (10, 11), B pa3Hbie ¢a3bl pa3sutus (12), a Takke y
pa3HBIX BUAOB pacteHuil u maxe coptoB (10-14). CyliecTBeHHbIE pa3ivuyusl B
pusochepHoM 3¢deKTe BBISIBIEHBI TakKXkKe MPU CPAaBHEHUM KYJBTYPHBIX pacTe-
HUl ¢ uCXOOHbIMU AUKUMU ¢opMamu (14, 15).

Honroe Bpemsi pusochepHblit 3GhEKT M3ydaau € MCIOJb30BAHUEM
KJIaCCUYECKHUX MUKPOOMOJOTMYECKUX METOMOB, B pe3yJbTaTe yero ObUl HAKOM-
JIeH OoraTblii HayYHbI ONBIT OTHOCUTEJIbHO KaK (bU3MOJOTUYECKUX, TaK U Te-
HETUYECKUX CBOMCTB OCHOBHBIX MpeAcTaBUTEIell MMKpoOuoma pusochepnl (2,
6, 8). OnHako, KaK M3BECTHO, B 3TUX MCCJICAOBaHUAX ObUIa OXBayeHa JIUIIb Ma-
JIag 4acTh pasHooOpasus (16, 17). CoBpeMeHHbIE MOJIEKYJISIPHbIE METOXUKHU, B
YaCTHOCTHM BBICOKOIPOM3BOAUTEIBHOE CEKBEHUPOBAHME, CHIEJaIM BO3MOXKHBIM
OoJiee IeTabHOE M3yYeHUe MUKpoOMoMa pusocdepbl, BKIOYas HE TOJbKO KyJb-
TUBUPYEMBIX, HO U HEKYJIbTUBUPYEMBIX €ro IpeacTaBUTeNeil. DTOT MeTOd aK-
TUBHO MCIOJNb3YeTCsl 3apyOexXHbIMU YyeHbIMU (18-22), HO B OTeUeCTBEHHBIX
MOYBEHHBIX MCCAENOBAHUSIX MOAOOHOro poma padboT sBHO HemoctaTouHo. [Ipu-
MEHEHUE BbICOKOIPOU3BOAUTEIBHOTO CEKBEHMPOBAHUS IPU M3YYEHUM PU30-
cdepHoro addexTa Mo3BOAUI0 YOSAUTENbHO MTOKa3aTh POJb TUIIA MOYBbI, TPO-
JIOJDKUTENIBHOCTU pocTa U copTta pacreHust (10, 12-14) B onpenesieHUM TaKCoO-
HOMUYECKOIO COCTaB MUKPOOMOMOB pusocheprl. Bo Bcex ucciemoBaHusx oT-
MEJaJioCh, YTO HauOoJiblllee BIMUSHUE Ha pusochepHbIil 3PdeKT oKa3biBaeT
uMeHHo Tun nouskbl (10, 13, 22). PuzocdepHsblii 3¢pdeKkT aHaIu3nupoBain y psi-
Jla pacTeHUil — OT MOJEJbHBIX OOBEKTOB, TaKux Kak Arabidopsis sp. (17, 18,
21), 10 BUIOB, MMEIOLIMX BaXKHOE CEJbCKOXO3SIMCTBEHHOE 3HAUeHUe, HarlpuMep
y puca (Oryza sativa) (23) u canata-naryka (Lactuca sativa) (22). PusochepHslii
9 GeKT B ITUX CIydasxX MPOSBISICS HEONUMHAKOBO MJIs pPa3HbIX pPAaCTEHUIA.
CTouT Takke OTMETUTb, UTO B OOJIbIIICH YacTU COOOLICHUI pusochepHbIit -
¢exT u3yyanu Ajsl TUIOB IOYB, OJM3KUX MO CTPYKType U reHesucy (11, 17, 21).

ITockonbKy mposiBieHue prsochepHoro a¢dexra 3aBUCUT OT OCOOEHHO-
CT€Mi pacTCHUId YW TUIIOB IIOYB, HAIlE OCHOBHOM 3amayeil CTaj0 pacLIMpeHUE
Kpyra pazHooOpa3usl McclienyeMblX 00beKTOB. B mpencraBieHHoi paboTe Brep-
BbI€ BBITMIOJHEHO MCCea0oBaHre pu3ochepHoro addeKra Ha paclpoCTpaHEHHBIX B
ceJIbcKoM xo3siiicTBe Poccuu obbekrax (copTa p>Kd M MIIEHULIbI) U YacTO BCTpe-
YaIOLIUXCS KOHTPACTHBIX MOYBaxX (UYEPHO3EM U JE€PHOBO-IIOA30JIUCTAs).

B 3amauu paGoThl Bxommia oleHKa pusochepHoro addexra B MOACIb-
HOM OIbITe MO KyJbTUBUPOBAHMIO PACTCHUI PKM Y TILIEHULHI B ITOYBaX pa3HO-
IO TUMA C BBISIBJICHUEM XapaKTePHBIX TAKCOHOMUYECKMX TPYIIN OaKTepUii.

Memoouka. TlouBy ISl 3KCIEPUMMEHTOB OTOMpPAJIM Ha y4yacTKaX Celib-
CKOXO3SMCTBEHHOr0 Ha3HauyeHus (pas3meuTebHble KPOMKHU I0Jieli, CBOOOIHbIE
OT IOCceBOB B TeueHue mnociaegHux 50 jier) ¢ rnyounsl 3-15 cm. JlepHOBO-
non3osaucras noysa Owuta mpenoctasieHa IlckoBckum HUMHM cenbckoro xo3sii-
ctBa U coBxo3oM «Pomuna» (ITckoBckasi 00j., KOOpAMHATBI TOYKM obOopa —
57°50'44,2"N, 28°12'03,7"E). YepHoseM moayyanu u3 BopoHexkckoii obiactu
(3anoBenHUK «KamenHast cremb», 510°01'41,6"N, 400°43' 39,3"E). IlouBy mpo-
CeMBaJId Ha IPOXOTe C SIYEMKONM 5 MM, MOACYIIMBAIM M pacdacoBbIBaIM B ILIa-
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CTHUKOBBIe cocydabl (Mo 5,0 Kr mig yepHo3eMa M 5,5 Kr 1Sl J€PHOBO-MOA-
30JIMCTOM) ¥ YBJIAXHSIM M3 pacyeTa 75 % MaKCHMMAaJIbHOM BJIaroeMKOCTH.

Yepes 1 cyT B Kaxkablil cocyl Ha MIyOuHY 3-5 ¢M MpaBUJIbHBIMU PSIAAMU
BHOCUJIMCh ceéMeHa M3 pacuyera 25 1ut/cocyn. Mcrnonbs3oBanu cemeHa pxu (K-
6469 o katanory BUP, mecTHBIII copT, 3aceBaecMblii TOJIbKO B I1CKOBCKOI 00-
Jacty) U mineHunsl (copt Bommebonuna, k-54609 o karanory BUP). Ha onun
COPT MCITOJIB30BaJIOCh IO JIBa COCyda C KaXXAbIM THUIIOM IOYB. DKCHEPUMEHT
npoBoauicsa B TeueHue 42 cyrt (¢ 23 ceHTs10psa no 4 Hos6ps 2014 roma) B Ter-
JIMLE, KPBITOM TMOJUATUICHOBOM IUIEHKOM (TOPLIEBYIO CTEHY ISl oOecreueHus
razoo0MeHa 3aKpbIBajy CETKOM) MpU MOAAEepPKAaHUM TMOCTOSIHHOI BJIaXKHOCTU
mouBbl (75 % ot mojHoil BiaaroemMkocTu). CpemHsst AHEBHasI Temileparypa 3a
Bpemst akcnepuMeHTa — 13 °C, HouHast — 4 °C. 1o 3aBepilieHUM 3KCIIEPUMEHTA
U3 KaXIOro cocyia oToupaiyd 2 obpasla KOpHEBOl Macchl. TOJNBKO UYTO OTHE-
JICHHbIE OT MOYBbI KOPHM IEJWIM Ha ABE NMPHMMEPHO paBHbIE YacTH, ITOMella-
nuch BO (JIakoHbI ¢ Bomoil (50 mi1), MHTEHCUBHO BCTPSIXMBAIUCH B TeueHue 1
MUH J0 TOJIyYeHUs] OMHOPOAHON MOYBEHHOMN cycrneH3uu. [1o 2 Ma cycrneH3uu
OTOMpaJIM B MUKPOIPOOMPKY, LIEHTPUMPYTUPOBaIU, OCAIOK MCITOJIb30BaId IS
BoIIesieHust puzocdepHoit JTHK.

JHK BbeIIensIM mo MeTommke, paspaboraHHoii Bo Bceepoccuiickom HUN
CeJILCKOXO3SIMCTBeHHON MUKpoouonoruun (25). KoHlieHTpalusl MoaydYeHHOro Mpe-
napata JIHK B cpenHem cocraBnsina 18 Hr/mia. Ouminennyto JIHK ucnosnb3oBa-
Ju B KauectBe Matpuilel B ITLIP ¢ yHuBepcanbHbIMU IpaiimMepamMu K Bapua-
6enmpHOMY y4yacTKy V4 rena 16S-pPHK — F515 GTGCCAGCMGCCGCGG-
TAA 1 R806 GGACTACVSGGGTATCTAAT (26) ¢ nobaBieHreM OJIUTOHYK-
JICOTUIHBIX UIEHTU(UKATOPOB JUIST KaXIoil MpoObl U CIYXKEeOHBIX IOCea0Ba-
TeJbHOCTE, HEOOXOAUMBIX ISl MUpocekBeHUpoBaHUsA. NGS-ceKBeHUpOBaHUE
(next-generation sequencing — CeKBEHMpPOBAaHUE HOBOIO IOKOJIEHMUS) MPOBO-
nunn Ha npubope GS Junior («Roche», CIIIA) coriacHo peKOMeHAALUSM
MPOU3BOIUTEIS.

Jannele obOpabarbiBanu B nporpamme QIIME 1.8.0 (http://qiime.org/)
(27). CexBeHupoBaHHbIe MoOCIenoBaTeIbHOCTY TeHa 16Sp-PHK ananmsuposamm
B HECKOJbKO 3TanoB. Ha mepBoM OCyILIECTBIISJIM MPOBEPKY KavyecTBa MOCEHA0-
BaTeJIbHOCTEM: M3 aHaJM3a MCKJIOYalyd MOCIeA0BATEIbHOCTU JJIMHOW MeHee
200 HyK/I€OTMOOB, MMeEIOIME MmapaMeTp KaudecTBa IpouTeHust (quality score)
MeHee 25, comepxalliie HEelpaBUIbHO MPOUYMTAHHbBIE MOCIEI0BATEILHOCTU TIpaii-
MEpPOB U MYJIbTUILIEKCHBIX UIEHTU(MDUKATOPOB, a TaKKe MPOTSKEHHbIE TOMOIIO-
JIMMEpHBbIE MOBTOPHI (0osiee 8 HYKICOTHIOB) U HEWMACHTU(MUIIMPOBAHHbBIE HYK-
neotuanl. Ilocne uckiaoueHUs: Bcex HebakTepuaabHbIX U XMMEPHBIX MOCTIeI0Ba-
TEJbHOCTEH IMOJyYeHHble OUOIMOTEKM ObUIM HOPMAJM30BaHbl MO YUCIY MOC/e-
JloBaTeJIbHOCTE B OMOIMOTeKEe HaUMEHbIIEro pa3mepa. B pesynbrate Beex mpo-
BelleHHBbIX mpoleayp otobpaau 19440 nocnenosatenbHocTeit (Mo 810 B Kaxkmoi
oubnmoreke). IlociaemoBareIbHOCTA CO cXOACTBOM Ooiyiee 97 % OOBEIVHSIIN B
OlepallMOHHbIE TAaKCOHOMMYECKHE eAuMHMIbI (operational taxonomic units,
OTUs) ¢ ucnonb3oBaHueM ajroputma denovo (B ocHoBe — MeTof «uclust»). 13
kaxgoit OTU BeIOMpanu omHY MOCAeIOBaTeIbHOCTb IJIsSI COCTaBjJeHMsT Habopa
perpe3eHTaTUBHBIX TocienoBarebHOCTe. Ha ciemyloliem srtame mpoBOAWIM
KJIaccudUKaluio pernpe3eHTaTUBHBIX IocieaoBaTebHOCTel pu momoiiu RDP
naive Bayesianr RNA Classifier u BblpaBHUBaHMe 10 anroputmy PyNast (27),
MaTpULEH 1151 BbIpaBHUBAHUS CIYXWJ CHeLUalbHO CKOHCTPYWPOBAHHBIM HabOp
nocnegoBaTenbHocTeil Greengenes coreset (28). Ilocie BblpaBHUBAHUS TOCIIE-
JIOBAaTEJIbHOCTU MCITOJIb30BAUCh ISl TTIOCTPOCHUS MaTPULbl TMCTAaHUMA U bu-
JIOTEHETUYECKOTO IpeBa.

Jnsa xapakTepuUCTUKM OMOpa3HOOOpa3usi M BBHIITOJHEHUSI CPAaBHUTEJIb-
HOT0 aHaJM3a COOOLIECTB pacCUMTHIBAAM MapaMeTpbl o- U B-pa3HOOOpas3usl.
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o-PazHooOpa3ue olleHUMBAIM C MCIOJb30BaHMEM HHAECKCOB BHUIOBOro Oorart-
crBa (uucno OTU B obGpasue) u unaekca IlllenHona (Shannon, H). Hocto-
BEPHOCTb Pa3IM4YUil MO MHAEKCAM o-pa3HOOOpa3us MexXAy MUKpOOMoMaMu
onpeaes s mo ¢-tecty. s oleHKU B-pa3HooOpasuss NPUMEHSIM METO.
Weighted unifrac, mo3BojsIOlIMiA BBIIBUTH IMPOLIEHT CXOACTB MEXIY BCEMU
nmapaMy CpaBHUBAeMbIX MUKPOOMOMOB (29). Pe3ynbTaThl mpeacTaBisiv ¢ KC-
MOJIb30BaHUEM METOIOB MHOromepHoi cratuctuku PCoA (principal compo-
nents analysis, aHaJiu3 TJaBHBIX KOMIIOHEHT), NaHHbIE BU3yaJIM3UpOBaiud B
nporpamMme Emperor (Bxomut B QIIME) (http://emperor.colorado.edu). IIpu
MOJCYETe MHIEKCOB Pa3HOOOpa3Msl M IMPOBeJeHUs KJIACTEPHOTo aHajau3a MC-
nojib3oBajics Kpurepuii Bray-Curtiss, BIYMCIEHUST OCYLIECTBISIM B MporpaMMe
PAST (http://folk.uio.no/ohammer/past/) (30). CTaTUCTMYECKYIO MOIACPXKKY
KJIaCTepOB pacCUUTHIBAIM MO MeTomay bootstrap (1000 mepecTraHOBOK).

Paznmuums Mexmy oOpa3uaMu IO 4acTOTe TAKCOHOB OMNPENEISIM C MO-
MOIIBIO TOYHOro TecTa PDuiiepa ¢ MONPaBKONl HA MHOXECTBEHHbIC CPaBHCHMSI
o npouenaype benmkaMmuHu-Xoxo6epra Ha 5 % ypoBHE 3HAUMMOCTH.

Pezyasvmamer. Vicnonb3oBaHHBIE HAMU MpaliMepbl CKOHCTPYUPOBAHbI Ha
OCHOBE aHau3a HYKJICOTHMIHBIX MOCIeI0BaTeIbHOCTEN KaK OaKTepuid, Tak U ap-
Xell ¥ IO3BOJISIIOT aMIumduimpoBath ¢parMeHT reHa 16S-pPHK mmiHoit mpu-
mepHO 400 n.H. B paboTe ObLIM MpoaHATIM3UPOBAHBI MUKPOOUOMEI COOOILIECTB B
LIeCTU BapUaHTax: AepHOBo-Tioa3oauctast nousa ([I1), yepHosem (Y3), puzo-
chepa pxu B JaepHoBo-nomzoauctoir mouse (pIl), puszocdepa mieHULLI B
nepHoBo-togzonuctoit nmouse (nmIl), pusochepa pxu B uepHozeme (pU3) u
pusocdepa niueHUbl B yuepHozeme (m43).

Munexcol pazHooOpa3us. MHaekchl pa3HooOpasusl, pacCUUTaHHbIE
IIJIT COOOILECTB IMOYBbI M PU30C(EPHBIX COOOIIECTB, pa3aWyaIuCh HE3HAYM-
TeJbHO. JlocTOBepHbIe pa3nuuusl mo BeauunHe MHIekcoB Chao-1 u IlleHHOHa
MoKaszaHbl IS coolliecTBa pu3ocdepbl MILIEHUIBI Ha AepPHOBO-MOA30MCTOMN
nouse (Tabna.). BunHo, 4To 3HaYeHUs] 0OOMX MHAEKCOB OKAa3ajuCh JOCTOBEPHO
HIUKE, YeM Yy COOOILUECTB IEPHOBO-IIOA30JUCTON MOYBBI WM pU30ochepbl pxKu
Ha TOM Xe TMoYBe.

MHaekcol o-pa3Hoo0pasusi MUKPOOMOMOB MOYBEHHBIX M pu3ochepHbIX cO00UIeCTB B
3aBHCHMOCTH OT THIA MOYBbI M BHAA pacteHmii (Xtx, miueHuna Triticum aestivum
L. u poxs Secale cereale L., BereTalMOHHBIIA OIBIT)

WHpekchl pasHooOpas3ust

Mukpobuom BUIIOBOE §0raTCTBO Chao-1 Shannon (H)
(Species richness)
YepHosewm (BopoHexckas o0:.)

Bes pacreHuii 277135 360+41 4,94+0,17
Puzocdepa:

MLIEHULIBI 219+21 31031 4,78+0,13

pKu 297+23 426+18 4,96+0,04

HJepHnoBo-non3onuctas nmousa ([lckoBckas 06i.)

Bes pacreHuii 287+33 401+28 5,20£0,11
Puzocdepa:

MIIEHULIBI 248+26 335431 4,78+0,07

pKE 290+22 39310 5,0940,05

Mpumeuanue. UcnonbzoBaHsl copra pxu (k-6469 mo karasory BUP, mectHsiit copt u3 IIckoBckoii oba-
cti) U mieHuus! (copt Bomebuuna, k-54609 no karamory BUP).

O6HapyXeHHBI 3 PEeKT 0COOEHHO MHTEPECEH B CBSI3U C MMEIOLIMMMCS
JAaHHBIMU JINTEpaType: paHee COOOIAI0Ch, YTO JOCTOBEPHO MHIEKCHI pa3HOOO0-
pa3usi pu3oc(epHBIX COOOIIECTB HE OTIMYAIOTCS OT MHACKCOB pa3sHOOOpasus
COOOIIECTB UCXOOHBIX IIOYB KaK B ClIy4ae pa3HbIX ITOYB U coptoB (9, 10), Tak u
IIpU aHajau3e pusocdep y pacTeHuil pa3HOro Bo3dpacta (9).

KnactepHblii aHanu3 1 aHalau3 TiaaBHBIX KOMIOHeHT (PCoA).
Ha nennporpamme (puc. 1) OTYETIMBO BBIOC/ISUINCH «4€PHO3EMHBIN KiacTep»
(BKITIOYAOIIMI MCXOMHBII YepHO3eM M pu30ocdepbl 000MX pacTeHUii, ChopMHU-
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porpaMMa CXOJICTBa MOCTPOEHA C UCIOJIb30-
BaHUeM Mephl cxoacTBa Bray-Curtiss, boot-
strap = 1000.
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HOBO-TIOJ30/IMUCTHIN KiaacTep». B mep-
BOM HaOJII0[aJIOCh BhIPaXKEHHOE pa3-
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Puc. 2. AHaau3 riaBHbIX KoMmoHeHT (principal components analysis, PCoA) moyBeHHbIX H 00pa3o-
BaHHBIX HA UX OCHOBE PU30C(epPHBIX MUKPOOHBIX COOOLIECTB: A — B CPABHEHMM C MCXOMHOM MOYBOM,
b — B ncxomHbIX oYBax M pusocdepax Ha MX OCHOBe; 1 — McXomHas IMouyBa, 2 — pusocdepa pKu
(Secale cereale L., k-6469 no katanory BUP, mectHbiii copT u3 [IckoBckoit o6iactu), 3 — puso-
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cepa muenunsl (Triticum aesivum L., copt Bomue6oHuna); 4 — 4yepHo3eM, 5 — pusocdepsl Ha 4yep-
Ho3eMe, 6 — JIepHOBO-TOA30JUCTasi TT0YBa, 7 — pu3ocdepbl Ha IEPHOBO-ITOA30JMCTON MOYBe (Bere-
TAlMOHHBII OIBIT).

pPXU U MIIEHUIbI Ha YepHO3eMe IO TaKCOHOMMYECKOM CTPYKType ObLIu OoJiee
CXOIHBI IPYr C OPYrOM, YEM C COOOLIECTBOM MCXOOHOMW ITOYBBI. B «IepHOBO-
MOA30JMCTOM KJacTepe» HaOMogaeTcsl Apyras TeHACHLMS: B OTACJbHYIO Kiamy
rornaja MCXOmHas IMoyBa M pusocdepa pxXy Ha JEPHOBO-IION30JMCTON ITOYBE.
OTU IaHHBIE XOPOILO COOTHOCSTCS C IOKa3aTesIMU MHIEKCOB pPa3HOOOpasus,
JIOTTOJIHUTEIbHO CBUACTEILCTBYS O BBIPAXKEHHOM pu3ochepHOM addexTe, KoTo-
pbIii CBsI3aH C KyJbTMBUpOBaHMEM IeHULbl. OgHako HabaogaeMblil 3 heKT,
CBSI3aHHBIN CO CHMXXKEHMEM pa3zHooOpas3us B pu3ocdepe MIIeHUIbI Ha IePHOBO-
MOJ30JIMCTON MOYBE, MOXET pacCMaTpMBAThCs IMOKa JIMILbL B KaueCTBe TEHIEH-
LIMY, TIOCKOJIBKY COOTBETCTBYIOILIMI KjacTep ACHAPOrpaMMbl UMEJ OTHOCHUTEIb-
HO HM3KYIO CTaTHUCTUYECKYIO IOAIECPXKKY (He Goyee 64 %). Tem He MeHee, OH
BOCIIPOU3BOJMJICS MPU aHAJIM3E TJIABHBIX KOMITIOHEHT.

Ha rpaduke, npencrapimsiomeM pe3yabTarel aHamuza PCoA, MoxHO
HaOMooaTh BbIPAXKEHHBIE Pa3IMYMsl B CTPYKTYpe KIacTepoB, COOTBETCTBYIOLIMX
YEepHO3eMy U JEPHOBO-TOA30MCTON MTOYBE: B MEPBOM ClIyyae Mbl HaOMIOOaId 3HA-
YUTEJIbHBI pa3opoc MO MOBTOPHOCTSIM OIbITa, BO BTOPOM Cllyyae pa3dpoc Mmpak-
TUYECKU OTCYTCTBOBa (puc. 2). [IprunHa MoXeT 3aKiIo4aThesl B BLICOKOM reTepo-
TeHHOCTH TOYBbI. B TO e Bpemsi He MCKIIOUEHO, YTO IIyOMHA CEeKBEHUPOBaHUS
Obl1a HEJOCTATOYHOM AJi cooOllecTBa. Takxke Ha rpadpuke BUOHO, YTO COOOILE-
cTBa pusocdep pxKu Ha JepHOBO-TIOA30JIMCTOM MMOYBE OKA3IMCh OJIM3KM IO CTPYK-
Type K COOOIIeCTBAaM MCXOMHOM MOYBBI, a OTJIMYMSI NEMOHCTPUPOBAIU JIMILb CO-
oO1ecTBa pu3ochep MILEHUIIbI, COCTABISIONIME OTISIbHYIO IPYIITY (CM. pucC. 2,
A). YepHo3eMHbIe COOOILECTBA HE IEMOHCTPUPOBAIM OTUYETIMBO O0OCOOIEHHBIX
rpymm. Tem He MeHee, 3aMETHO, UTO COOOILIECTBa pU30ocGhep PXU B LIEJOM ObLIU
OmKe K coo0IlecTBAM MCXOOHBIX MTOYB, YeM COODIIEeCTBa pU3ochep MIeHUIIb.

TakcoHOMUUYECKUN cOoCTaB cOOOIIECTB. AHAIU3, NPOBEACHHbIN
Ha ypoBHe ¢un (kmaccoB anst ¢punbsl Proteobacteria), BBIBUJ JOCTOBEpHBIE pa3-
muuus (p < 0,05) B 4YMCIEHHOCTM MOCIEAOBATEJILHOCTE MeXIy BapMaHTaMM
oneiTa (puc. 3).

0,67

0,54

0,4

]

Hong OTE rakconosn
B COCTABE COODIIIECTBA
“O
[F%)

1

Puc. 3. TakconoMuyeckuii COCTaB (IIPEACTABICH YACTUYHO) MOYBEHHBIX H 00PA30BAHHBIX HA MX OCHO-
Be pu3ocdepHbIx MEUKpoOHBIX coodmecTB: OTE — omeparuBHBIE TAKCOHOMWYECKWE €AWHULBL, 1 —
Acidobacteria, 2 — Actinobacteria, 3 — Bacteroidetes, 4 — Verrucomicrobia, 5 — Betaproteobacteria, 6 —
Gammaproteobacteria; a — poxb (Secale cereale L., k-6469 no karanory BUP, mecTHblit copT u3
IIckoBckoil 06macTu), AEPHOBO-IIOA30IMCTA TTOYBa; 6 — pPOXb, YepHO3eM; B — miueHuna (7Triticum
aesivum L., copT BoJieOHuLa), NEPHOBO-NMON30JUCTA TOYBA; I' — IMIICHULA, YEPHO3EM; O —
KOHTPOJIb, I€PHOBO-TION30JIMCTA II0YBA; € — KOHTPOJIb, YepHO3eM. Bereraumonnsiii omsT (p < 0,05).

Bo Bcex puzochepHBIX cOOOIIECTBaX OTMEYAIOCh YBEJIMUYCHME 4YHUCIIA
IocJjeaoBaTeJIbHOCTe, MpHHAIIeXaluX Kiaccy Betaproteobacteria (HemocTo-
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BepHO mia cooOwectB JIT-p/IIT), a Takke CHMKEHUE 4uWCIa TMpeAcTaBUTENEH
¢unsl Verrucomicrobia (HemocroBepHo mis coooOiuects pAIT—AIT nu n4Y3—Y3).
JocToBepHO OoJiblllee KOJMYECTBO IOCIEAOBATEIbHOCTEM, MPpUHAMAIEXKAIIUX
Kiaccy Gammaproteobacteria, OTIIYaNo COOOIIECTBA TEPHOBO-MOA30JIUCTON MOY-
BbI OT COOOILIECTB YepHO3EeMa, OMHAKO B COOOLIECTBAX pU30ochep ITUX MOYB Takasi
TEHIEHLIMS yTpauuBajach. B cooOlecTBax pusocdepbl MIEHULBI Ha JAEPHOBO-
MOA30JMCTOM TOYBe HAOMIOAAIM TIOBBIILIEHWE AOAM MpeacTaBuTeneil  uibl
Bacteroidetes. VIx okazanochb JHOCTOBEPHO MEHbILIE B COOOLIECTBE pU30Chepbl
pPXU B JIEPHOBO-TIOA30JIMCTON TMOYBE, €llle MEHbIlIe — B CaMOil IEePHOBO-MOA30-
JicToil mouBe. Takke ObUIO TOKA3aHO YMEHBIIEHUE YMCIa MpeacTaBUTeiei (huibl
Actinobacteria B puzocdepe MIlEHUIIbI Ha IEPHOBO-TMION30JUCTON MOYBE B CpaBHE-
HUU ¢ UcxomHoi nmoyBoit. CoolluecTBa pu3ochepbl pxkKu Ha JePHOBO-ITOA30IMCTOM
MOYBE OTIMYAIMCh OT COOOIIECTB pu30ocephl MILIEHULIBI HAa TOH e IOYBE JO0CTO-
BEpHO OOJIbILIMM KOJMYECTBOM IIpeacTaBuTeneil unsl Actinobacteria.

W3 maHHBIX IUTepaTypbl U3BECTHO, YTO HA PA3HBIX XKU3HEHHBIX CTAAUSIX
pacTeHus MPEeUMYLIECTBO MOJY4yaloT pa3Hble IPYMIbl MUKpoopraHusMoB. Ilpu
U3yYEeHUM KOPHEBOU 3KCcCydallMy apabuaorcuca OCHOBHbBIC pa3jivuyusl HalaeHbI
B ueThipex ¢unax — Acidobacteria, Actinobacteria, Bacteroidetes u Cyanobacteria,
MpuYeM ISl YMCJASHHOCTU MpeacTaBuTesieil ¢uibl Bacteroidetes TiokazaHa mo-
JIOXKUTEIbHAsT KOPPEJSILUS ¢ KOJMYECTBOM aMUHOKHUCIOT, CEKPETUPYEMBIX KOp-
HSIMU 3TOTO pacTeHUs, U oOpaTHasi — ¢ (peHONbHBIMU coeauHeHusmu (11).

Ilo Bceit BUAMMOCTH, UMEHHO YBeJIMYEHUE YMCa MpeAcTaBuTeeil Bac-
teroidetes B pu30c(epHOM COOOILECTBE IILIEHUIBI Ha JIEPHOBO-ITOA30JMCTOMN
MOYBE IO CPAaBHEHMIO C MCXOMHON IMOYBOM MPHUBEIO K BbIpakeHHON pa3HUIIEC B
rmokasaTesisix o-pasHooOpasusi. CTaTUCTUUYECKUII aHalIu3a MoKasaj, YTo pasiiu-
YHs B COCTaBe COOOIIECTB B 3TOM CJIyyae CBSI3aHbI C yBeauMuyeHUeM (Oosiee yeM B
12,6 pasa, p < 0,05) yncIeHHOCTH MUKPOOPTAaHU3MOB U3 pona Flavobacterium.

bonee moapoOHBI CTATUCTUYECKUI aHAIU3 TAaKCOHOMUYECKON CTPYK-
Typbl MUKPOOHBIX COOOILECTB IMO3BOJIMI TAaKXKE BBISIBUTH TPYIINbBI MUKpPOOpra-
HU3MOB, OOYCJIOBUMBILME pa3iuyus B (OPMUPOBAHUU PU3OCHEPHBIX MHUKPO-
OMOMOB B JIPYIrMX BapHaHTaX OIbiTa. B 4acTHOCTM, MO CPaBHEHUIO C UCXOMHOM
nousoii (U3) B pusochepe pU3 cyllecTBEHHO YBEIUUYMIACH I0JsI polaoB Pedo-
bacter (B 47,6 pa3za) u Chitinophaga (B 76,9 paza), B pusocdepe m43 — poma
Pedobacter (B 10,0 paza) u Kaistobacter (B 14,2 paza). B puzocdepe pIl (mo
cpaBHeHuIo ¢ JIIT) oTMeyanu yBenmdyeHue g0 ponoB Pseudomonas (B 48,6 pa-
3a) u Achromobacter (B 25,0 paza), B pusocdepe nll — Mesorhizobium (B
40,0 paza) u Chitinophaga (53,7 pa3a). Takum o06pa3oM, Ha pa3HbIX MOYBAX CO-
cTaB pU30cepHOro coodlIecTBa ObLT HEOMMHAKOBBIM. DT pe3yabTaThl COTIja-
CYIOTCSl C JAHHBIMU JIUTEPATYPhl O TOM, YTO pU30chepbl pacTeHUH, KYJIbTUBUPY-
eMbIX Ha MOYBAaX pa3HbIX THUIIOB, CYILIECTBEHHBIX Pa3IMYalOTCsS MO COCTaBy Ha
pomoBoM ypoBHe. Tak, Mmpu BblpalllMBaHUM cajlaTa Ha TPeX pa3HbIX MOYBax I10-
KazaHO YBeJIMYEHUE KOJWYEeCTBa MpeacTaBUTENEH CceMeHCTB Sphingomonas u
Rhizobium (o-npoteobakrepun), Pseudomonas (y-npoteodaxkrepuu), Variovorax
(B-ipoteobakrepun) u Flavobacterium (Bacteroidetes), omHaKO I KaxXaoil moy-
Bbl TaKXKe XapaKTepHbl YHUKAJbHbIE CEMENMCTBA, M3MEHSIOIIME CBOIO YMCIIEH-
HOCTb TOJIbKO B pu3ocdepax Ha 3TOM Ture moussl (11).

CTouT TMOAYEPKHYTh, YTO B HACTOsIEe BpeMsl HE CYLIECTBYET €IMHOM
MPU3HAHHOM B MUpPE METOIMKM KakK JUISl pas3iesieHUs COOOIIECTB pu3ochepnl 1
pu3oIIaHbl, Tak U 171 BbiaeneHus JHK 13 nouBsl U ee ganbpHeliiero aHaausa.
ITosToMy moJy4eHHbIE HAMU JaHHbIE JOCTATOYHO CJIOKHO CpPaBHUBAThH C OIU-
CaHHBIMM B JIUTEpaType. 3aMeTUM, HallpuMep, 4To OoJjiee TIIATeJbHbIM aHaIu3
COOOIIIECTB MPUKOPHEBOM 30HBI, pasnessiiolleil pusochepy U pu3oIUIaHy, CBU-
JIeTeJIbCTBYET, UTO COOOIIECTBO pU30ChEpbl UMEET CXOAHBI TaKCOHOMUYECKUM
COCTaB ¢ COOOILECTBOM MCXOMHBIX IMOYB, IVIABHBIE XK€ pa3adyusl HaOJI0Nal0TCs B

660



pu3oIUIaHe U CBOISTCS K YMEHblleHUIO goau ¢un Acidobacteria, Planctomycetes,
u Gemmatimonadetes (24). TloaToMy yke ceiiuac MOHSITHO, YTO IJIs1 Oojiee IO~
HOI1 olleHKM pu3ocdepHoro 3ddekra TpedyeTcs: pa3padoTKa YHUBEpCaIbHON Me-
TOIMKM OTOOpa MpoO ¢ BKIIOUEHHEM IOMOJHUTEIbHBIX METOIOB, MO3BOJISIOIIMX
0oJiee TOYHO JIOKAJIM30BaTh OTICJIbHBIX MpPEACTaBUTENIEi pr30chepHOro coodle-
crBa (Hampumep, TexHojmorun FISH — fluorescence in situ hybridization u nmp.).

Takum oOpa3oM, HECMOTPSI Ha OTHOCUTEJbHO KOPOTKYIO ITPOIOJIKU-
TEeJIbHOCTh BKCHepUMeHTa (42 cyT), cooOllecTBa MCXOOHBIX MOYB U pusocdep
CWIBbHO Pa3NyaIUCh, TO €CTh B 00EMX MOYBaxX ObL1 BBISIBIEH BbIPAXKEHHBINA pU-
3ocdepHbiil 3ddexr. Ha dopmupoBaHue pusochepHOro cooOIecTBa CyILe-
CTBEHHO BJIMSIET KaK TUI IOYBBI, TaK U BUA pacTeHus. Haubojee CUIbHBIM
¢akTOpOM OKa3zajcs THUII MTOYBLI: U pu3ochepHbIe coodllecTBa, chOPMUPOBAH-
HbI€ B pa3IMUHBIX TUMAX MOYBbI, U UCXOAHbBIC MOYBEHHBIE COOOIIECTBA TOCTO-
BEPHO OTJIMYAIOTCA APYT OT Apyra. st o0erx MoYB MOKAa3aHO COXPaHEHUE 3TUX
pasauyuii Mpu (GOpMUPOBAHMM pa3HbIX pu3octhepHbIX coodlecTB. Bua pacre-
HUs ObUI BTOPBIM MO 3HAUMMOCTH (TOCJe TUMA MOYBbI) (DAKTOPOM, OIpeness-
IOIIMM TaKCOHOMMYECKUI cocTaB pusocdepHoro mukpootuoma. CooOlecTBa
pu3ochepnl pxkKU B LIEJIOM OKa3bIBAIOTCSI HECKOJIBKO OJIMXKE K COOOIIECTBaM MC-
XOJHBIX TTOYB, YeM COOOLIeCTBA pU30chep MILIEHULIBI.

TakcoHOMUYEeCKUIA aHaIM3 COOOIIECTB Ha YpOBHE (W MO3BOJMI BbI-
SIBUTb TPYIINbI, B HAMOOJbIIEH CTEeHU OTBETCTBEHHBIE 32 pU30ChepHBIN 3¢-
dekT: dopMupoBaHUe pU30CHEPHBIX COOOLIECTB COMPOBOXIAIOCH YBEIUYCHU-
€M KOJIMyecTBa IocjenoBaTe/bHOCTeN Kiacca Betaproteobacteria ipu CHUXXKEHUU
KoJInuecTBa IpeactaButeneii punsl Verrucomicrobia.

CouetaHue 0COOEHHOCTE! NEPHOBO-IIOA30JUCTON MOYBBI U BbIpalllvBa-
€MOIl Ha Hell MIeHUIbl TTPUBOAMIO K 3HAYMUTEIbHBIM M3MEHEHUSIM B COOOIIIe-
ctBe. Ilo pesynbTatam Bcex aHAJIM30B 3TH COOOIIECTBA CYLIECTBEHHO OTJIMYa-
I0TCSl OT COOOILECTB MCXOMHOM MOYBBI M COOOIIECTB pu3ochephbl pxK1 Ha AepHO-
BO-ToA30McTOl mouBe. ITogobHOe MOXeT ObITh CBSI3aHO C YBEJIMUYEHUEM B Ta-
KMX cooOl1lecTBax qoau O0akTepuii u3 pona Flavobacterium (¢buna Bacteroidetes).

HTtak, npu nomoluy MeToAa BbICOKOIPOM3BOIMTEIBHOTO CEKBEHMPOBA-
HUs, 00JIafalollero BHICOKON pa3pellarolleil CroCOOHOCThI0 U BO3MOXKHOCTBIO
KCCIeN0BaTh B TOM YHMCJE HEKYJIbTUBUpPYEeMble (POPMbI MUKPOOPraHU3MOB, ObI-
JIO MOKa3aHO HajiuuMe pusoctepHoro addekra B MOYBE MPU BbIpalluBaHUM
KYJIBTYPHBIX COPTOB pacTeHuil. OmHaKo IJis IMOATBEPKACHUS HAIUYUS ITOTO
addekTa, a Takxke 111 Ooyiee MOAPOOHOrO MCCAEIOBAHUS MEXaHU3MOB, JiexXa-
LIKX B €ro0 OCHOBE, HEOOXOMMMO IOIOJHUTh MPOBEACHHBI HaMU TaKCOHOMMU-
YeCKUI aHaJIM3 UCCJIeIOBAaHUSIMMU, XapaKTePU3YIOLIMMM CBSI3b CTPYKTYPhl pU30-
cepHOro MMKpoOMOMa C COCTaBOM pPAaCTUTEJbHBIX 3KccynaToB. s aroro 3a-
IUIAHMPOBaHbl MOJAEJIbHBIE SKCIEPMMEHThI MO BHECEHHUIO B MIOYBY KOMIIOHEHTOB
PaCTUTENIbHBIX 3KCCYIAaTOB UCCIEIYEMbIX COPTOB PXKU U TMILEHMIIBI.

DI'FHY Bcepoccuiickuti HUH ceavckoxozsaiicmeeHHOU Ilocmynuaa é pedakuyuro

MUKpOOUOAO2ULL, 6 utonsn 2016 eoda
196608 Poccust, r. Cankr-Iletepoypr—IlyuikuH, . IMox6ensckoro, 3,
e-mail: azver.bio@gmail.com

Selskokhozyaistvennaya biologiya | Agricultural Biology], 2016, V. 51, Ne 5, pp. 654-663
METAGENOMIC CHARACTERISTIC OF RHIZOSPHERE EFFECT
ON CEREALS IN BLACK AND SOD-PODZOLIC SOILS
A.O. Zverey, E.V. Pershina, N.A. Provorov, E.E. Andronov, E.N. Serikova

All-Russian Research Institute for Agricultural Microbiology, Federal Agency of Scientific Organizations, 3, sh. Pod-
bel’skogo, St. Petersburg, 196608 Russia, e-mail azver.bio@gmail.com

Acknowledgements:

Supported by Russian Science Foundation (project 14-26-00094)

661



Received July 6, 2016 doi: 10.15389/agrobiology.2016.5.654eng
Abstract

Changes in the composition of microbial communities under the influence of root exuda-
tion of plants (rhizosphere effect) is widely reported in the scientific literature. A number of studies
clearly show the rhizosphere effect of external factors such as soil type, species and plant variety, etc.
The aim of this work is to study the effect of soil type and plant species using modern high-
throughput sequencing techniques. This effect has been studied well by foreign counterparts, but such
work on Russian soils and crops used in the domestic agro-industry, is carried out for the first time.
We used two soils contrasting by their agrochemical parameters, black earth (Voronezh region), and
sod-podzolic soil (Pskov region). Rye (Secale cereale L., k-6469) and wheat (Triticum aestivum L., k-
54609) seeds obtained from VIR collection (St. Petersburg) were grown in a greenhouse on both soils
for 42 days. Using NGS-V4 variable region sequenced 16S rDNA gene, microbial community composi-
tion in bulk soils and the rhizospheres formed on them was analyzed. Despite the short period of the
experiment, clear rhizosphere effect was revealed in both soils. The strongest factor was the type of soil.
Communities of bulk soil as well as rhizosphere communities on these soils, were significantly different
from each other. Both soils show the same effect in the formation of rhizosphere communities of rye
and wheat. Type of plant is the second largest (after the type of soil) factor in determining taxonomic
composition of the rhizosphere microbiome. Communities of rye rhizosphere in general are closer to
the communities of bulk soils than wheat rhizosphere communities. Also, the rhizosphere communities
of rye on sod-podzolic soil according to the cluster analysis are closer in structure to the original com-
munities of the soil. The taxonomic analysis of the communities at the level of phyla revealed several
groups. They are most responsible for the rhizosphere effect. Formation of rhizosphere communities
was accompanied by an increase in the number of Betaproteobacteria class sequences, while reducing
the part of the bacteria of Verrucomicrobia phylum. Significant changes in the community occurred in
wheat-cultivated sod-podzolic soil. According to the results of all analyzes, these communities differ
significantly from the original communities of soil and rhizosphere communities of rye on sod-podzolic
soil. Perhaps this can be attributed to an increased proportion of the genus Flavobacterium (phylum
Bacteroidetes) bacteria in these communities. Using the method of high-throughput sequencing it has
been clearly demonstrated the presence of rhizosphere effect on rye- and wheat-cultivated soils, as well
as the features of the interaction of individual factors responsible for rhizosphere effect. However, to
confirm rhizosphere effect, as well as for more detailed studies of the mechanisms underlying it, it is
necessary, in addition to the taxonomic analysis carried out, to elucidate how the rhizosphere microbi-
ome is influenced by the plant exudate composition. To do this a series of model experiments with in-
troduction into the soil of certain root exudate substances of rye and wheat are already scheduled.

Keywords: rhizosphere effect, rhizosphere microbiom, metagenomic analysis, rye rhizo-
sphere, wheat rhizosphere.
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