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OanH n3 KnoyeBbiX ¢epMeHTOB apomMaTtnyeckoro obmeHa pac-

. oEeXd Influence of a lignification
TeHui, CAD (cinnamil alcoholdehydrogenase - gerngporeHasa

KopwuyuHoro cnupTta; EC 1.1.1.195), y pana BUAOB pacTeHWin OKasbl-
BaeT B/IMAHME Ha COAepXKaHne apoMaTnYeCcKnX BelecTB 1 Ha 3a-
LUTHbIE CBONCTBA TKaHel OT rpnbHbIX nHbeKumii. Mpun nsyyeHun
KONNEKL MU COPTOOOPA3LIOB MArKON NweHunubl Triticum aestivum L.,
nonumopdHbix no cnektpam CAD, o6HapyKeHbl pa3nnumna no cre-
neHy Nopa)xKeHVs NMMCTOBON pXaBunHON (Bo36yauTens Puccinia
recondita f. sp. tritici). Llenbto paboTbl 6b1110 n3yyeHre 0Co6eHHO-
CTell CTPYKTYpPbl M XMMUYECKOro COCTaBa TKaHel InCTa, Cnocob-
CTBYIOLLMX MOBbILLEHHON YCTOMYMBOCTU. Ha dutonatonornyeckom
yuyactke CM6HUNPC Ha poHe NCKYCCTBEHHOTO 3apakeHns Cro-
pamu 6ypori NNCTOBOW PxKaBUMHbI ABa 0OpasLia APOBON MATKOM
nweHnubl 3-13-15-4 n 3-4-14-3 nopaxanncb COOTBETCTBEHHO Ha
1-5 1 Ha 30 %. Y 3TUX KOHTPACTHbIX MO YCTOMYMBOCTN 0Opa3LioB
Obl/1 NPOBEEH aHaNN3 COAEPKaHUA Pa3INYHBIX BELLECTB B TKaHAX
nuctbeB. Ha noBepxHocTu nncta 6onee yctorumBoro obpasua
HabntofgaTcA KpynHble BGALWKM, COCTOALME N3 MUHEPASTbHbIX
BeLecTB. B 30ne nncTbeB 1 30/1e NIMrHrHa Takxke 06Hapy»KeHbl OT-
NNYUA NO COAEPKaHMIO PAAA MUHeEpPasbHbIX dnemeHToB. ObLyee
copeprKaHmne NNrHHa Ha CyXyto Maccy IMCTa pa3nnyanocb He3Ha-
untenbHo (14.2 1 12.3 % COOTBETCTBEHHO), OAHAKO eCTb pa3nmuuns
No XMMNYECKOMY COCTaBY JIMTHNHA. MOXHO NpefnonoXuTb, 4To
BbIAIB/IEHHbIE PA3/IMynA UMEIOT OTHOLLEHME K pa3HOW CTeneHn
nopaeHunsa pacTeHUN NMCTOBOW pXkaBunHol. CnefoBaTtenbHO,
3TV NOKa3aTenm MOXHO 1CMoJb30BaTh ANA ANArHOCTUKM MNOTEH-
LManbHOWM YCTOMYMBOCTN COPTOOOPA3LIOB NIEHULbI K FPUOGHON
HbEeKLMN.
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NUrHUGMKaLMA; MUHepanmn3aLma; CNeKTPOCKOMMUSA; ABYMEPHbIN
MarHUTHbIN pe30HaHC.
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Aromatic substances in plant tissues can have protective
effect against fungal diseases. One of the key enzymes in
aromatic metabolism of plants, CAD (cinnamyl-alcohol
dehydrogenase, dehydrogenase of cinnamyl alcohol;

EC 1.1.1.195), at a number of species of plants exerts impact
on the content of aromatic substances and on protective
properties of tissues from fungal infections. When study-
ing a collection of cultivars of bread wheat Triticum aesti-
vum L., polymorphic on CAD, distinctions on extent of de-
feat are found by brown rust (with Puccinia recondita f. sp.
Tritici as a causative agent). The purpose of the work was
studying of features of structure and chemical composi-
tion of the tissues of a leaf promoting increased resistance.
On a phytopathologic plot, against artificial infection with
spores of a brown rust, two samples of spring bread wheat
3-13-15-4 and 3-4-14-3 were affected 1-5 % and 30 %, re-
spectively. An analysis of various substances content in the
leaf tissue at the contrast samples was conducted. Large
plaques and spot consisting of mineral compounds were
observed on the leaf surface of the more resistant plant.

In ashes of leaves and ashes of a lignin differences in the
maintenance of a number of mineral elements were also
found. Lignin content on the dry mass of a leaf differed
slightly (14.2 % vs 12.3 %), however there are differences
in chemical composition. It is possible that the observed
differences lead to afflict the plants with leaf rust to such
different degrees. In that case these characteristics can be
used for diagnostics of potential resistance of cultivars to
fungal infection.

Key words: common wheat; brown rust; lignification;
mineralization; spectroscopy; two-dimensional magnetic
resonance.



e B Hayasie 1960-x I'T. ObUIO yCTaHOBIICHO, YTO JIMTHU-

(huKkanuys TKaHeH pacTeHUH SBIsIeTCs (PaKTOPOM yCTOHYIH-

BOCTH K rpuOHbIM natoreHaMm (Hijwegen, 1963). 3ammuT-
HBII 3QPEeKT MOXKET BBIpaXKaThCsl B MEXaHUYECKOH Iperpaje
pacmpocTpaHeHHIo TH(OB Tprda, a Takke B TOKCHIECKOM
JICWCTBUN apOMaTHIECKUX METaOOIUTOB Ha MaTOTeH.

CuHTE3 IMTHUHA U €T0 OTJIOKEHHE BO BTOPHYHBIX KJIETOY-
HBIX CTEHKaX IMPOUCXOIAT B pe3yibrare IUKUMaTHOTO ((de-
HWJIIPOTIAHOM/THOTO) IMyTH MeTaboiamn3Ma. J[aHHbIH myTh Ha-
YUHAETCS C Ie3aMUHUPOBAHUSI apPOMATHYECKUX aMHUHOKHUCIIOT
(pernnananmna u TpunTodaHa) ¥ MPUBOANUT K 0Opa30BAHUIO
(heHMITITPOTIAHONIOB — APOMATHUECKUX KUCIIOT, aJlbJICTH/IOB
Y CIIUPTOB, U KX MHOTOYHCIICHHBIX IIPOU3BO/IHBIX — IMTHUHA,
JIMTHAHOB M apOMaTHYECKHX [TIUKO3UI0B, MHOTHE U3 KOTOPBIX
00J1a1a10T OMOJIOTHYECKOH aKTHBHOCTHIO (3anpoMETos, 1993).
depmMeHTh! (QeHUITITPONIAHONTHOTO Y TH METa0oIM3Ma y pac-
TEHHI y4acTBYIOT B LIEJIOM psie 3AIIUTHBIX MEXaHHU3MOB,
TaKMX KaK 3QKHBICHHE MEXaHHYECKHX OBPEKICHUH, HHITYK-
1Sl MHOTO(YHKIIMOHAIBHOTO PEryJISITOPHOTO U 3alUTHOTO
BemecTBa MeJA (MeTHIIKaCMOHAT) 1 3aITUTa OT MAaTOTEHHBIX
arak (Belhadj et al., 2006; Simons et al., 2008; Tronchet et
al., 2010; Li et al., 2012; u np.).

TepmuHanpHas peaknus GEHWIIPONAHOMIHOTO MyTH —
00pazoBaHNEe MOHOJUTHOJIOB (aPOMaTH4YEeCKUX CIIUPTOB) —
KOHTposupyetcsi cemeiicTBoM ¢pepmentoB CAD (cinnamil
alcohol dehydrogenase — nernaporenasa KOpUIHOTO CIIUPTA;
EC 1.1.1.195); nnorna BeiaensroT noacemeiictBo SAD (sina-
pyl alcohol dehydrogenase — perupporenaza cuHaroBOro
cnupTa). Y MHOTHX BHJOB PAaCTEHHI 0OHAPYKEH MOITUMOP-
¢u3m o renam, kopupytomuM CAD (Konosasos u ip., 2015).
[TonumopdHble BapHaHThl HEPEIKO OKA3bIBAIOT BIUSIHUE Ha
CBOICTBA U NPU3HAKU PACTEHUI, HEKOTOPBIE U3 KOTOPBIX
MMEIOT OTHOUICHHE K 3aIUTHBIM PEaKIIUIM.

deHunnponaHouIHbIe MPEIIIECTBEHHUKN JUTHIUHA 00-
JalaloT aHTHMUKPOOHOI M (YHTHIUAHOW aKTHBHOCTBIO
(Barber et al., 2000). Oqaako pe3yabTarhl ObLIH TOIYUYEHBI C
UCIIOJIb30BaHUEM PAaCTBOPOB ATHX BELIECTB (T. €. B MOHOMEp-
HOM COCTOSTHWH ), U HEM3BECTHO, B KAKOW CTETICHH UX CBOMCTBA
COXPAHSIOTCS B COCTABE MOMMMEPHBIX MOJICKYJI JIUTHHIHA.

[onananue criop rpuba Ha MOBPEXJICHHbIE TKAHU IIIIE-
HUIIBI BBI3BIBAaET yBennueHne aktuBHoCcTH PAJI (penmmana-
HUH-aMMHuak-nuasza; PAL — phenylalanine ammonia lyase,
EC4.3.1.24) n apomariyeckux Aeruporetas (B 0COOEHHOCTH
SAD-akTHBHOCTB), a TaKkKe MEePOKCHIA3bI, YIaCTBYIOIICH B
nporiecce momumepu3anuu Moronuraonos (Mitchell et al.,
1994).

WNupexmus Tomons mapasutTudeckuM rpudbom Phanero-
chaete chrysosporium BbI3bIBaja U3MCHEHHS B XUMHYECKOM
coCTaBe JIMTHUHA, B YACTHOCTH yCHUJIEHHE CHUHTE3a CHPHH-
TIIBHBIX MOHOMepoB nurHuHA (Gaskell et al., 2014). ITate u3
mecTHaauaru reioB CAD Tonons MHIYUPOBAIUCH HaTore-
HaMu, B TOM uucie fBa reHa, Pop-trCADI1I v Pop-trCADI 5,
3a/1e{CTBOBAHEI B 3AIIUTHBIX PEAKINAX TKAHEH JHUCTa OT BCEX
TpeX UCIOIb30BaHHBIX TPHOHBIX HHpEKINH (Rhizoctoniaso-
lani, Fusarium oxysporum u Cytospora sp.), T.€. SIBISIIOTCS
CIIeLIMAIM3UPOBAHHBIMH 3alIUTHEIMH (paKTOpaMu. 3aIiuTHas
peaknusi CONPOBOXKAACTCS N3MECHEHHEM aBTO(IIOOPECICH-
MM CPe30B TKaHM JincTa. OJJHAKO U3MEHEHNE XUMUYECKOTO
cocTaBa TKaHel He m3ydanoch (Bagniewska-Zadworna et
al., 2014). B at0i1 ke paboTe mpoBeeH GHIOreHeTHIECKUH
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ananu3 134 renoB CAD y pacrennii (Bagniewska-Zadworna
et al., 2014). ABTOpPHI IONATafOT, YTO CYIIECTBYET OCHOBHAS
¢mnernueckas nuHNs CAD-reHOB, 00IIas A7 IIBETKOBBIX
pactenuii. Otu reHbl HasbiBatoTCsl bona fide CAD (1.e. Ha-
crositue, uctuaable CAD) u CAD-like (T.e. CAD-niono0HbIE).
[lepBbie, MO MHEHHIO aBTOPOB, 0OecmeynBaloT 0a30BYyIO
TurHA(UKanuio cTedieid, BTopble — MIPUHUMAIOT y4acTHe B
3aLIUTHBIX PEAKIUAX.

['puOHBIC MH(EKINN B CyCIICH3HOHHBIX KYJIBTYPaX KIETOK
nbHa (Bo30yautenu Botrytiscinerea, Phomaexigua v Fusarium
oxysporum f. ssp. lini) akTHBUpOBaIN (heHUIITPONTAHON THBIN
My Th, TprdeM akTuBHOCTh CAD MeHsutack cyOcTpar-crenu-
(huuHO: ¢ KOHU(EPHUIIOBBIM aJIbJICTUIOM HHAUYE, YeM C CHHa-
noBbIM. ITpy 3TOM MpOMCXOAMIO U3MEHEHUE XUMUYECKON
CTPYKTYpHI JINTHWHA ¥ HAKOIUIEHUE JIPYTHUX MPOM3BOIHBIX
(enmnnponanounoro mytd (Hano et al., 2006).

SamutHeni 6enok ELI3, BeIneneHHbIH 13 TeTPYIIKA U KOH-
TPONHPYIOIIHUN YCTOHYUBOCTE K BO30ynuTento Phytophthora
sojae, oxazancs ¢pepmenrom CAD (Somssich et al., 1996),
cyOcTpaTaMu AJIsl KOTOPOTO SIBJISIETCS Psii apPOMATHIECKUX
aJIBJICTU/IOB, B YACTHOCTH CAJMIMIOBBIA ampaerun. [1po-
W3BOJIHBIC CAIUIIMIIOBON KHCJIOTBHI — KaK M3BECTHO, OJUH
13 HamboJee pacTpoCTPaHEHHBIX (PAKTOPOB YCTOMIUBOCTH
pacTeHuit K maToreHaM.

B psage cinyuaeB 3alUTHOM peakLUEd pPAaCTEHUsI MOKET
OBITH MOHIDKEHNE aKTHBHOCTH (pepmeHTOB. [1omo0HbII Mexa-
HU3M onmcaH juist orypia (Varbanova et al., 2011). I'pubnyro
MH(EKINI0 UIMUTHPOBAIN 00pabOTKOI nekTiHa30i. [Tpu aTom
nonmkanack aktuBHOCTH HCT (hydroxycinnamoyl coenzyme
A-quinate transferase; monHoe Ha3BaHue — p-hydroxycinna-
moyl CoA: shikimate/quinatep-hydroxycinnamoyltrans-
ferase, EC 2.3.1.99), a ¢pepmentsr CAD orypra mMeroT
HH3KOE CPOJICTBO K /1-KyMapoBOMY aJbJeTHy. B pe3ynbrare
n-KyMapoBBIi aJlbJIeru]] HaKallJIMBaeTCsl B TKAHAX U BbI-
nmoyHsAeT (QYHKIUIO (uTOaNeKcHHa (BEmeCTBA 3aIIUTHOTO
JIEHCTBUA).

K HacrosiieMy BpeMEHHU Y MSTKOW MIIEHHIbI W3BECTHO
HECKOJBKO AecaTKoB reHoB Lr (leaf rust), KoHTpommpyrommx
YCTOWYHMBOCTD K JIMCTOBOM prkaBumHe. HexoTopwle M3 HHUX
JIOKQJIN30BaHbl B XpPOMOCOMAaX 5-i rOME0I0rM4€CKOU IPyIIIIbI
(Mclntosh et al., 2005). B xpomocome 5B moxanm3oBaH reH
Lri18 (Hart et al., 1993). [lpyroii ren, QLricg-5B, Heannennb-
HbI Lr18, Takxke pacnoioxkeH B xpomocome SB (Jleonosa
u 71p., 2008). IlaTHA Ha TUCTHAX MIICHUIIBI, 00yCIOBICHHBIC
MOpa)XEHHEM KOPHEBOW I'HMIIBIO, CBSI3aHBI C IByMs T€éHaMH,
JIOKAJIN30BaHHBIMHU B JUTHHHOM IuTeye XxpoMocoMbl 5B (Kumar
etal., 2016).

[Tpun m3yuennn nonumopr3Ma 1 reHeTHIECKOTO KOHTPOJIS
CAD y MSrkod HIIEHUIBI OBUTH TOJyYeHbI THOPUABI pas-
JMYHBIX 00pPa3IOB, B TOM YUCIE C HCIOIb30BAHUEM HYIIIH-
TeTpacoMHbIX JHKH copta Chinese Spring (Konosasos u ap.,
2016). ITo tuTeparypHbIM IaHHBIM, OIUMOP(HbBIC BAPHAHTHI
3TOTO ceMeNcTBa (PEPMEHTOB OKa3bIBAIOT BIMSHHE Ha COZIEP-
JKaHUE apOMaTHYECKHX BEIIECTB U B HEKOTOPBIX CITyJasiX — Ha
3aILUTHBIE CBOMCTBA TKAHEH PACTEHUM.

Henp manHOW pabOTHl — BBIACHUTD, PA3IHMYAOTCS JIH 00-
pasubl ¢ pa3nmuuHbBIME THIIaMK criekTpoB CAD 1o crenenu
MopakeHus1 Oypoi pKaBYMHOM, U M3YYUTh TKAHU UX JIU-
CTBEB 10 MUKPOMOP(OIOTHYECKIM U XUMHUYECKIM I0Ka3a-
TEJISIM.
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MaTeleaﬂbl n Mmetogbl

B pab6ore usyyamu pactenus F; rubpumos o3umoro copra
HoBocubupckas 9 ¢ HyITH-TETPaCOMHBIMH JTMHUSIMH COPTa
Chinese Spring u ux pomutenbckue Gopmbl. ['uOpuIHBIE
pacTeHHs U pOIUTENILCKHE (OPMBI BEIPAIIMBAIIM HA HHQEKIH-
onnoM nojie CuoHUMPC u B ruapononnoit remnuie UIul"
CO PAH. ITepBrie HCTIONB30BaNH ISl OIIEHKH CTETICHU TTOpa-
JKEHHSI, BTOPBIC — JUTSl aHAJIM30B. 7151 BEIpaIMBaHus pacTeHUH
UCIIOJIb30BAJIM CEMEHA OJTHOTO ypoXkasi. HeckoibKko 1ecsaTKoB
pacTeHUH KaKI0T0 TeHOTUTIa OOBEIMHSIIN B IBE BBIOOPKH, IO
OIHOMY JIICTY CPE/THETO sIpyca JUIsl KaXkI0ro reHoTumna. B atoit
CMeCH aHaJIM3MPOBaJM coiepkaHue BeuectB. [yt MUKpO-
CKOMMH OBbLIN B3STHI THIIMYHBIC PACTEHNUS KayK10T0 TeHOTHIIA.

AHanm3upoBaIM TIPU3HAKKA U CBOICTBA TKaHEH, HE MOJ-
BEPraBIIUXCs BIIUAHUIO I/IH(i)eKHI/II/I. I/I3yquI/Ie BJIIMSAHUA UH-
(hexM Ha M3MEHEHHs B MH(PHUIUPOBAHHBIX TKAHAX — 3TO
OT/IeNIbHAS 3314494, B HACTOSIIIEH paboTe Takue NCCIIeJOBaHuUs
HE ITPOBOJIUIIUCH.

VIHTEHCHBHOCTD MOPAXKEHUS JIUCTHEB IMIIEHULBI Oypoit
PprKkaBUMHOM orleHuBaiy 1o mkaie [lerepcona (Mzyuenmue.. .,
2008).

Wzodepmentrsrii ciektp CAD1 ompenersiig ¢ TOMOIIBO
anexTpodopesa B kpaxmanbHoM rese (I'enernka nzodepmen-
TOB, 1977).

W3y4yenne NoBEpXHOCTH JUCTHEB IIPOBOAMIN C TOMOIIBIO
CKaHUPYIOILETO EKTPOHHOT0 MuKpockona (COM) TM-1000
(Hitachi, Toxuo, SImoHuUs), OCHAIIEHHOTO YHEPTOIUCIICD-
CHOHHBIM PEHTreHOBCcKHM crekrpoMeTpom EDS (SwiftED,
Oxcdopa, Benukodpuranus). [Tapamerpsr padorsr COM —
yCKopsolee HanpsokeHne 15 k9B, pexuM HU3K0oro BakyyMma.
Ob6pa3er 6e3 mpeaBapuTebHONH 00paboTKN (PUKCHPOBAJICS HA
MIPEIMETHOM CTOJIMKE C TOMOIIIBIO TOKOITPOBO/ISIIIIETO CKOTYA.
JleTexTop Mo3BOJISIET ONPENENISATh XUMHUYECKHE JIEMEHTHI C
Maccoii ot 23 g0 238 [la.

Juist n3ydeHus copepKaHusi aHTOIIMAHOBBIX MTUTMEHTOB
HCIIOJIb30BAJIH BEICOKOA(D()EKTUBHY IO )KUIKOCTHYFO XPOMATO-
rpaduro (BOXX). B nccnemyemom Marepualie Takue ITATMEH-
TBI OTCYTCTBOBAJIH.

XuUMHYECKHE MOKa3aTeian OILICHUBAJIM IO CTaHAAPTHBIM
MeTonukaM (Xummdeckuii cepucHbii neHTp CO PAH). O6-
pasibl JIMTHUHOB TTOJTyYaJIi, SKCTPArupysl PACTUTEIBHOE ChI-
pbe cMechio aquokcad—Bozaa 9: 1 B mpucyrcersuu HCI (0.7 %)
pu Temneparype kunenus B reduenue 50 muH. [lonydeHHbIin
pacTBOp JUTHUHA OT(HUIBTPOBBIBAIIN OT OCTATKA CHIPHSI, yIa-
pHBaJIM B BAKyyMe M BBICXXMBAJIU B JACCATHKPATHBII 00beM
ropstaeil BobI. [l OUNCTKY JIMTHUH PACTBOPSUIN B TMOKCAHE
W BBICKMBAJIM B JUATWIOBBINA 3¢up. Perncrpanus crex-
TpoB SIMP nuoxcaH-TUTHHHOB IPOBOAMIIACH Ha mpubope
Bruker Avance IIT 500 npu pa6ouunx uacrorax 500.03 ('H)
u 125.75 (13C) MI'u. Uccnenyembie 06pasibl TOTOBUIH ITy-
TeM pacTBopeHus 25 mr surauHa B 650 mr DMSO-d6 nipu
HarpeBaHUM Ha BOAsSHOU OaHe mpu Temmeparype 80 °C u
MHTEHCUBHOM IepeMelnnBanuy. CheMKa CIIeKTPOB IPOBO/IN-
nack B 5 MM ammynax npu Temneparype 50 °C. s cbeMKu
CIIEKTPOB Ha sapax 'H uCrmonb30Baii B Ka4eCTBE CTaHIapTa
CHUTHAJIBI OCTaTOYHBIX IPOTOHOB pacTBOpHTels (5 =2.5 M. 11.),
penakcanroHnHas 3aaepxkka — 10 ¢, pazseptka — 20 M. 1.,
KOJTMYECTBO HAKOTUIEHHWH — 256. J[71s CheMKH CIEeKTPOB Ha
snpax 13C B kauecTBe cranzapra ObUT BHIOpAH CUTHAI pac-
tBOpHUTENs (8 = 39.5 M. 11.), pesakcalmoHHas 3aepxKa — 3 ¢,
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paszBeptka — 240 M. 1., konuyecTBO HakoruieHud — 71680.
JBymepnbie reteposnepubie CH-xoppemsunn HMBC (he-
teronuclear multibond correlation — rereposiiepHas MHOTO-
csizHas koppessiusi) 1 HSQC (heteronuclear single quan-
tum correlation — rereposiiepHas OAHOKBAHTOBAsI KOPPEIS-
1Ms1) CHUMAJIKCh C pa3BepTKoii ot 0 10 16 M. 1. o kanany 'H
u ot 0 10 200 M. 1. 1o kanany 3C. KonnuuecTBo HaKOILIGHUIH
coOTBeTCTBYeT 60 ckaHaM I 000MX SKCIIEPUMEHTOB B CITy-
yae TUOKCaH-TUrHUHA 00pasma 3-4-14-3 u 80 u 360 ckanam
cooTBeTcTBeHHO A 3kcnepuMmentoB HMBC u HSQC B
ciIy4ae ITHOKCaH-THTHUHA oOpasma 3-13-15-4. OtHecenune
kpoce-curnanos 'H/13C B HSQC-crekrpax JIMTHUHOB MPo-
Bonusioch no (bensrit u ap., 2012).

OTHOCHTENBFHOE CONlepKaHNe OCHOBHBIX THIIOB CBSI3€H B
MaKpOMOJIEKYJIE JIMTHIHA, KOHIIEBBIX I'PYIII, MOJISIPHOE CO-
OTHOLICHUE MOHOMEPHBIX 3BEHBEB (THAPOKCU(PEHUIIBHBIX,
TBasIIMIBHBIX ¥ CHPUHTHIIBHBIX 3BeHbeB, H: G :S), comepxa-
HHE KymMaparoB H (epynaros omnpezaensim coracto (del Rio
etal., 2012).

Pe3ynbratbl
B Gonee panneil pabore Hamu OblIO HM3ydeHo F, o3umoro
copra HoBocubupckast 9 ¢ Hym-TeTpaCOMHBIMU JINHUAMHU
copra Chinese Spring 1o xpoMocoMam 5-i TOMEOIOrnIeCKOi
rpynrsl (Konosanos u ap., 2016). B noromctBax atux rudpu-
JIOB HaOIroMany paziuynbie THITH ciekTpoB CAD. Pactenws,
OTIIMYAIOIINECS THIIAMU CIIEKTPOB, B JJAHHOH paboTe ObLTH
WCIIOJIb30BaHbI JIJIsl OLEHKU MOPaKeHUs] Oypol prkaBUMHOM.
OrieHKa YCTOMYMBOCTH MPOBEACHA IT0 CTAaHIAPTHON METOMKE
o mkasie [lerepcona (M3y4enwue. . ., 2008). J[Ba KOHTpacTHBIX
obpasua 3-13-15-4 u 3-4-14-3, nopaxaBuIuxcs JUCTOBOM
(Oypoii) pxaBunHOI B paszHoi crenenu — Ha 1-5 n 30 % co-
OTBETCTBEHHO, OBUIN B3SITHI B AAJbHEHIIINE HCCIICTOBAHMSL.
Bonee ycronumBblit oopasery 3-13-15-4 umeer takoi xe
crextp CAD, kak ucxomHas HYIIU-TETPACOMHAS JTHHUS
n5B-t5A copra Chinese Spring; MeHee yCTOWYIHBEIN 00paser]
3-4-14-3 umeeT CTaHAAPTHBIN CIICKTP, Kak y copra HoBocubup-
ckas 9 (puc. 1). Paznmuns 3aK1r09aroTess B OTCYTCTBHHU JIBYX
«MEIIICHHBIX» N30()ePMEHTOB, YTO XapaKTEpPHO JUIs TCHOTH-
OB ¢ oTCyTCcTBUEM XpoMmocombl SB (Konosanos u sip., 2016).
Y pacrenmii 6onee ycroiiunBoro oopasma 3-13-15-4 oxpa-
CKa JINCTHEB BApHHPOBAIA OT OJICHO-XKEITOH JI0 KpacHO-
kopuuHeBoi. OnHako no pesynsratam BOXX (nanHsie He
MIPE/ICTABIICHBI) KPACHO-KOPUYHEBBIE JIMCThSI HE COAEPIKAIN
AQHTOIMAHOBBIX TMTMEHTOB, CJIE/I0BATENILHO, OKPACKa BHI3BAHA
JPYTMMHU OPUYMHAME, BO3MOXKHO MU3MEHEHHEM OINTHYECKHX
CBOWCTB JINTHUHA.

Puc. 1. M3opepmeHTHbIN cnektp CAD1 y obpasuos 3-4-14-3 (gopox-
Kn 1-5) n 3-13-15-4 (popoxkun 6-10).
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TM-1000_2960 2016/04/12 11:51 L

3-13-15-4, TEMHbI NACT
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300 MKm

TM-1000_2929

3-4-14-3
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X250 300 MKm

X250 300 MKm

2016/04/11 1222 L

TM-1000_2921

Puc. 2. MukpodoTtorpadum 1 crnekTpocKonms NoBEPXHOCTU JINCTOBOW MAACTUAHKM.

HccnenoBanne JTUCTOBOM IUIACTHHKH IO JIEKTPOHHBIM
MHKPOCKOIIOM BBISIBHIIO PA3JIMYHs B pacpeielieHU Heopra-
HUYECKHX BEIIECTB Ha ee MOBEPXHOCTH (puc. 2). [ToBepxHOCTH
Oosiee CBETIIBIX JINCTHEB reHortuna 3-13-15-4 paBHOMEpHO
MOKPBITA MEJIKUMH TMalWUIaMUd OKCHJIA KPeMHHUs (KpeMHe-
3ema) pasmepom 10—-15 mxm. Ha obparHoii cTopoHe nmucta
BBIJICIISIFOTCSI TTAITIIIBI B BUE IIUTIOB, TOBEPXHOCTH KOTOPBIX

leHeTuKa N cenekuma pacteHun

TOXE COCTOUT U3 OKCHJa KpeMHuUs1. KpacHO-KOpHYHEBBIE TTH-
cTbs reHoTHna 3-13-15-4 mOKpBITH psiiaMu Oosiee KPYITHBIX
KPEMHE3EMHBIX MalWUT BBITAHYTOH ()OPMBI, JOCTHTAIOIINX
B JuinHy 50 MKM. [ToBEpXHOCTB MEXIY PsiIaMH KPEMHE3EM-
HBIX 00pa30BaHMI MOKPHITA COJSIMU KaJIbLMsI M Kajus, Ha
Hell BBIIEISIOTCS IIHIIBI, TaKXkKe U3 KpeMHesema. OOpaTHas
CTOPOHA JIUCTA MOKPHITA IOJI0CAMU MUHEPANIBHBIX BELIECTB,
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Ta6nuua 1. CogepxaHue BelecTs (%) B IMCTbAX N3YUYEHHbIX
06pa3LoB MArKOW MLEHNLbl

MNoka3aTtenb 0O6p. 3-4-14-3 06p. 3-13-15-4
BnaxkHocTb 37 3.6
DKCTpaKTuBHble BelectBa  17.7 17.5
JInrnnH Komaposa 123 14.2
(Klason lignin) (10.5 3a BblueTom  (10.2 3a BbluETOM
30/1bl) 30/1bl)

3ona nurHuHa (Sio,) 14.7 28.2
Kucnotopactsopumbliii 25 25
JINTHYH
3ona (600 °C) 19.8 20.0
3ona (900 °C) 14.17 16.11
SnemMeHTHbIN aHanus, %:

C 38.41+0.02 38.1+£0.2

H 5.00+0.2 5.04+0.08

N 1.19£0.04 1.29+£0.04

Ta6bnuua 2. OTHoCUTENbHOE ColepXKaHme CTPYKTYPHbIX
3M1EMEHTOB ANOKCaH-NIMTHUHOB Mo AaHHbIM 2D-AMP
(no nsotonam 'H n 3C)

[eHoTMN

CTPYKTYpPHbIN pparmeHT

1 BblpaxkaeTca B BUAe AOAM OT O6LIEro Yncia cBAsen nurHuHa Tunos A-F;
2 MonbHble MPOLIEHTbI; 3 MONAPHOE cofepaHue (MHTerpasbl) B NPOLeHTax oT
cofepKaHnA NMUrHMHa.
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COCTOSIIIMX M3 COCIMHEHWH KPEeMHHUs, Kalusi, KaJblHs U
MarHusl.

B ommmume ot 3Toro 00pasna, HOBEpXHOCTH JINCTA MEHEE
ycToitunBoro renoruna 3-4-14-3 sBHO BBIpa>KEHHBIX MaMHIII
HE MMEET W MOKPHITa COSAMHEHUSIMU KPEeMHUS, Kalnus U
kanpiwst. OOpaTHast CTOpOHA JIMCTa MO CBOeH MOp(hOI0THI
MOXOXKa Ha IMOBEPXHOCTh KPaCHO-KOPHUYHEBOTO JIMCTA Ooliee
ycroituuBoro renotumna 3-13-15-4.

XUMHUYCCKUI aHAJN3 COCTaBa OCHOBHBIX KOMIIOHEHTOB
KJIETOYHOW CTEHKH MOKa3aJl Pa3Jinyus 110 COACPIKAHHUIO JIUT-
HUHA B JIUCTHSIX M IO €ro 301bHOCTH (Tabu. 1). OcTanbHble
KOMITOHEHTHI IIPHCYTCTBYIOT B COIIOCTAaBUMBIX KOJIMYECTBAX.

CTpyKTypa JMOKCaH-JTMITHUHOB, BBIACICHHBIX U3 JINCTHEB
TMIIICHUIIB! PA3HBIX TEHOTUIIOB, OBLTAa OXapaKTepHU30BaHa Me-
TogoM nByMepHOU IMP-criekrpockomuu (Tabm. 2).

[To momyueHHbIM TaHHBIM, conepxanue B-O-4" apumdup-
HBIX (A), henunkymapanosbix (B), nunopesunonbshbix (C) u
crpoareHOHOBHIX (F) ¢pparMeHToB MpakTHYeCKH OUHAKO-
BOC B JIMTHUHAX IIICHHUI] 000MX IeHOTHUIOB. B nuraune re-
HOTHIIA, yCTOWYHBOTO K JINCTOBOM prKaBYMHE, IPUCYTCTBYIOT
TUTIBI CBS3BIBAHUS Yepe3 o-OKUCIeHHBIH B-O-4' apmmup
(A, u o,B-nuapunossie 3¢upsl (E).
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3y o or
S S PCA

B cTtpykrype nuramHa renoruna 3-4-14-3 coxepxkurcs
0oJIbIlIe KOHIEBBIX ajbJAeTUAHBIX Tpymi (J), Torga kKak co-
JepkaHue crupToBbIX (I) KOHLIEBBIX TPYIMIT OMHAKOBO IS
06oux renotunos. CooTHomeHne reassquiabHbIX (G) ¥ CHpHH-
I'MJIBHBIX (S) 3BEHBEB B 00pa3iiax JMOKCaH-JIUTHIHOB OJ[HA-
KOBO. 3HaYNUTEIbHBIE PA3INIHs HAOIIOIAIOTCS B COACPKAaHNT
n-xymaparoB (PCA) u depynaros (FA). [Tepsbie npeoOnagaior
B CTPYKTYpe JIMTHHHA reHotuna 3-13-15-4, Bropsie — B reHo-
tumne 3-4-14-3. Beicokoe cozepskaHue 71-KyMaparoB B INTHUHE
YCTOWYMBOTO T€HOTHIIA COTNIACYETCS C MOBBIIICHHBIM CO/IEp-
JKaHUeM n-ruipokcudeHmnnbHbIX 3BeHbeB (H), oOpasyrommxcs
HETIOCPEICTBEHHO U3 N-KyMapOBOH KHCIIOTHI.

O6cyxpeHue

MexaHU3MBI 3aITUTHBIX PEaKINi Y pacTeHUI MHOTOOOpa3HBI
M MOTYT BBIP@KaTbCsl Kak B MOP(OJIOTHUECKUX W MHUKpPO-
MOP(OJIOTHYSCKUX (AaHATOMHYECKUX) OCOOCHHOCTSIX, TaK U
B OMOXMMHUYECKOM BO3JeHCTBIMH Ha martored. Hamm oOHapy-
JKEHBI Pa3INyusl 110 CTENCHN MUHEPAIN3AIMN TOBEPXHOCTH
JIMCTOBOM IJIACTUHKM Y MATKOM IIIEHHULbI, @ TAKIKE I10 COLEP-
JKaHUIO B TKAHAX MIPOAYKTOB (DEHUITITPONIAHON THOTO Iy TH Me-
Tabom3mMa. Bo3MOXHO, 3TH pa3iiymsi CBSI3aHbI C PA3ITUIUSIMU
B u3odepmentHoM coctaBe NADP-CAD (HAJId-3aBucumas
CAD; NADP — kohakTop HUKOTHHAMHIaICHUHAMHYKICOTH/T
(ocdart, okucnennas popma), KOTOPBINA CIUTACTCS OTHUM H3
KJIF04YeBBIX (hepMeHTOB (enmnponaHonaHoro mytu (Kono-
BAJIOB M 1p., 2015).

[Momumopdusre Bapuantsl NADP-CAD oxa3bIBatoT cyie-
CTBEHHOE BJIMsIHME Ha CBOMCTBA TKaHei 31akoB ([oHuapoB u
Ip., 2012; Konosanos u ap., 2014, 2016; Konovalov et al.,
2016). 910 MOXET ObITH 00YCIIOBIEHO PA3IHYHAMH I10 CyO-
CTpaTHOM crieu(pUYHOCTH OTAETbHBIX H30(hepmerToB NADP-
CAD, xoTopbie 00HapyKEHBI IPH OYUCTKE 3TOTO (hepMeHTa y
nreHuIs! 1 ee coponuueit (Pillonel et al., 1992).

ITo obmiemy comepkaHuiO JUTHUHA 00pa3ipl 3-4-14-3 u
3-13-15-4 pazmuuatotcs He3HaunTenbHO (12.3 u 14.2 % coor-
BETCTBEHHO), O/IHAKO 00JIee yCTOWYNBBIN 00pa3er COIepKUT
B JIMTHUHE NOBBIILICHHOE CO/IEPYKAHUE 71-TUIPOKCH(DEHMIBHBIX
3BEHBEB. BBIpaKeHHbIE Pa3Inyms HaOIIOJAIOTCS 10 COflep-
JKAHWIO N-THAPOKCHIIMHHAMATOB, TKAaHH JICTa y oOpasia
3-13-15-4 coneprxar OONBIIOE KOJIUYECTBO /7-KyMapaToB, IPH
9TOM MOHUXKEHO COAEPKAHME COECOUHEHUI C ajabAEeTUIHON
rpymmnoit C = O.
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DeHOJIbHBIE COCIMHEHUS B TKaHIX PACTCHUM HaKaIlIUBa-
I0TCS, KaK TMPaBUJIO, B IIMKO3UIHOW (hopme, OfHAKO HEmo-
CPE/ICTBEHHO B paifoHe rayctopuii rpuda ¢eHonsl oOHapy-
JKMBAIOTCS B BHJIE allIMKOHOB (T. €. CBOOOJHBIX (DEHOJIOB), B
KoTOopoM oHH Oojee TokcmuHbI (Benhamou, Bélanger, 1998).
I'unponn3 heHOoNBHBIX ITIMKO3U/I0B C BEICBOOOXKICHUEM MOJIe-
KYJISIPHBIX (DEHOJIOB MOXKET OBITH CIIPOBOLIMPOBAH KAKUMHU-TO
BEILIECTBAMH-AIMCUTOPAMHU CAMHUX TPHUOOB.

[Tpu oTCyTCTBHM QHTOIIMAHOB PA3IMYHS IO OKPACKE MOTYT
OBITH BBI3BaHBI N3MEHEHUEM XUMHUECKOTO COCTaBa IUTHUHA.
J1J1s MHOTHX pacTeHHUH ONMICAaHBI MyTaHTHBIE TeHOTHITEI CAD
(KaK MpUpPOIHBIE, TAK U HCKYCCTBEHHO MOJIyYeHHBIE), Y KOTO-
PBIX U3MEHEHUE B XUMHUYECKOM COCTaBE MOHOMEPOB IPHUBETIO
K ITOSIBJIEHUIO XapaKTEPHOU KPaCHOBATO-KOPUUHEBOM OKPACKU
tkanelt (Konosanos u np., 2015).

[TopakeHne KJIETOK IIICHUIIbI CTEOJIEBOI PIKaBUMHOMN
(Bo3Oymurens Puccinia graminis f. sp. tritici) o0ycnoBIuBaeT
yCuIIeHHE yIbTpadHoIeTOBOH (II00PECHEHIIN TTOPaKEHHBIX
YYaCTKOB TKaHEH M M3MEHEHHE OMOXMMHUYECKOH CTPYKTYpbI
muranHa (Moerschbacher et al., 1990; Menden et al., 2007).
Wurnduroper CAD ycunmBanm 3ammTHOE aelicTBue. Bepo-
STHO, IOPAKEHUE JIMCTOBOW PXKaBUMHOM (BO3OyauTens Puc-
cinia recondita f. sp. tritici) IPUBOANT K CXOAHBIM 3aITUTHBIM
MPOLIECCaM.

Ha rnoBepXHOCTH JIMCTOBOH IJIACTUHKY 00JIee YCTOHYHBOTO
o0pasma IpHUCyTCTBYIOT MHHEpaIbHBIE 00pa30BaHUS, CO-
CTOSILIME NIPEMMYILECTBEHHO U3 KpeMHes3ema Si0,, KoTopblit
MOXET IMPEJCTABISATh COO0H MEXaHWYEeCKOe HPEISTCTBHE
JUTA pactipocTpaHeHus TudoB rpuda. B 3o01me muramHa yCTOM-
YHUBOIo 00paslia TaKXKe COAEPKUTCA HamHoro 6onbiie SiO,
(cm. Tabm. 1).

CBsI3p MEXTy METa0OIM3MOM KpeMHHS U (PEHOJTIOB paHee
orMmevann MHorue mccnenoBarenu (Fauteux et al., 2005).
OfHUM U3 BEPOSITHBIX MEXaHHU3MOB MOXKET OBITh BIMSHHE
COCTMHEHNH KPEeMHHA Ha aKTHBHOCTH (DEPMEHTOB, 3ajeii-
CTBOBAaHHBIX B 3aIIUTHBIX peakiusax. O6paboTka pacTBopa-
MH, COEpKAIIUMH KpeMHuuii (cummkar kanbiws, 300 r/m2),
YBEIMUNIA YCTOWYMBOCTD PACTEHUH MILIEHUIBI K MyUYHUCTON
poce (Bélanger et al., 2003). Kpome Toro, 06paboTka Kpem-
HHEM BbI3BaJIa CHJIbHOE YBEJIMYCHUE OTIIOKEHUs (PEeHONIOB B
SMHUIEPMANTBHBIX KJIeTKaxX. KpeMHueBble COeAMHEHHSI NTPAIOT
MIACCUBHYIO POJIb, 00pa3ysi BMecTe ¢ TosudeHonamu doee
MIPOYHBIE MOKPOBHI JIHCTA, OJJHAKO aBTOPBI CUUTAIOT Oonee
BEPOSATHBIM, YTO KPEMHHUI OTKJIAJIbIBAETCSI IMEHHO B MECTAX
MIPOHUKHOBEHHUS TayCTOPHH, T.€. HTPaeT aKTUBHYIO MPOTEK-
TOPHYIO POJIb. BO3MOXKHBIM MEXaHU3MOM SIBIISIETCS CPOJICTBO
coeMHeHuid kpeMHusa B Gpopme ruppookcuaos Si(OH),
OpraHNYEeCKUM MOJUTHIPOKCHIEHBIM COSIMHEHHSM, yHaCTBY-
oMM B cuHTe3e urauHa (Bélanger et al., 2003).

OOHapyXeHHBII HAMU THUI TOBBIIICHHOW YCTOHYHUBOCTH
MPUMEPHO COOTBETCTBYET THITY YCTOWYMBOCTH, 0003HAUYCHHO-
My B Hay4HOU JINTEPATYPE KaK «HEX03HUCKast yCTOMYUBOCTbY
(nonhost resistance) (Yecnokos, 2007), KOTOpBIH paHBIIE
Ha3bIBAJIM TOPU30HTANILHOM (Hectenuduueckoit). B ormmuane
OT BepTUKAJIBHON YCTOMUMBOCTHU THIIA «T€H-HA-TeH» (gene-
for-gene resistance), B popMupoBaHHe Hecrnenuhuaeckon
YCTOHYMBOCTH BOBJICUCHBI OOBIYHBIE TEHBI MeTaboJIN3Ma.
MO>XHO IPENTOI0KUTE, YTO K TAKOBBIM OTHOCSTCS TeH CAD |,
3aJeiCTBOBaHHBII B MeTab0IM3Me (hEHMIIITPOTIAHONI0B, WIIN
CIICIUICHHBIE C HUM reHbl. [lanpHelme neeaeaoBaHms 03Bo-
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JISIT O4EPTUTD KPYT (PaKTOPOB, BOBJICUEHHBIX B (JOPMHUPOBAHNE
YCTOMYMBOCTH PACTEHUH K TPUOHBIM HH(EKIIHIM.

[onydeHHbIe TaHHBIE CBUACTENLCTBYIOT O 3HAYUTEIIBHBIX
pasiinyugax B Ka4Y€CTBCHHOM U KOJMYCCTBECHHOM COCTaBE€
APOMATHYECKUX COCAMHEHHH B TKAHSX JIMCTHEB IIICHUIIBI,
a TaKKe B CTENICHN MUHEPAIM3ALUH TTOBEPXHOCTH JINCTOBOM
miactTuHky. Ha ocHOBaHMM 3THUX PEIYJIBTATOB MOXKHO IIPEATIO-
JIOXKHUTB, YTO ONPEeIEeIICHHbIE COOTHOIICHUS PacCMaTPHBAEMBIX
BCIECTB OKa3bIBAIOT BIMSHHUE Ha YCTOWYMBOCTH PACTCHUH
MIIEHHIBI K TpUOHOI MH(peKK. BbieneHHbIe TeHOTHITBI
HpeIoIaraeTcst HCIoIb30BaTh ISl M3yYEHUS BO3MOXHBIX
MEXaHU3MOB YCTOWYHBOCTH.
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