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Momusayus u yeaw: ITimenunia Triticum aestivum L. nmpuHaIISKUT K YHCITy OCHOBHBIX
3epHOBBIX KYJIBTYp Ha 3eMHOM Inape. KommdyecTBO COpPTOB M MOABHIOB TMIICHUIIBI
OTPOMHO U MPOJIOJDKAET YBEINYUBATHCSI. MeTabomnuecKiue UccaeJOBaHUs MO3BOJISIOT
rryOXe TOHATh (EHOTUIHYECKOE Ppa3HOOOpasue BHYTPUBHAOBOTO IMOIMMOpdH3Ma
T. aestivum u SBJISIOTCS KJIFOYCBBIMH B XEMOTAKCOHOMHYECKOW KIACCU(PHUKALMHA U
UACHTHU(QHUKALNY BUIOB U IOABHU/IOB HA OCHOBE UX XMMUYECKOT0 cocTaBa. OnpeneneHne
XUMHUYECKOTO COCTaBa JIMMO(MUIBHBIX METAa0OJUTOB B 3KCTPAKTAX 3€JCHBIX JIMCTHEB
JacT BO3MOXKHOCTh YCTAaHOBUTh B3aMMOCBSI3H KaK BHYTPH OTACIbHBIX META00INIECKUX
NyTe, Tak ©W MEXIy OJTUMH KOHKPETHBIMH NyTsAMH. Peanmmsanmusi Takoro
CPaBHHUTEILHOIO HM3y4YCHHs Ha IIUPOKOW BBIOOPKE COPTOB M MOJABHAOB T. aestivum
SIBJISIETCS LIETIbIO JAHHOTO UCCIICIOBAHUS.

Memoowvr u aneopummur. W3ydena xomnekuusi 30 copTooOpas3moB NIIECHHUIBI W3
kosutekuuu cektopa rereruku mmenur] MIull CO PAH: rekcammounmHol (MSTKOH
T. aestivum u ee moxsuma T. aestivum ssp. petropavlovskyi N.P. Gontsch.), rerparuton-
Ho# (T. cartlicum Nevski Ne 21, 24) u qumutounsuoii (T. monococcum L. Ne 26, 27). s
AHHOTHPOBaHUsI COCTMHEHUI Oparch TaHHbIE, TIOTyYeHHbIe Ha cucTtemax: Pegasus 4D
GCXGC-TOF MS (sxmouaer Agilent Technologies 7890B) u xpomarorpad Agilent
Technologies 6890 ¢ wacc-ciekTpodoTomMeTprudeckuM netekropom 5973, Jlns
BU3YaJIM3AIUN PA3IHINA MEXY HCCIeyeMbIMU DKCTPAKTAMH JINCTHEB Pa3HBIX COPTOB
MIICHUIIBI OBLT MCTIOIb30BaH MEPAPXHUECKHIH KiIacTepHbIN aHanu3. [ Gonee momHoro
OoXBaTa M TJIyOOKOro aHaluM3a W3Yy4aeMbIX IIPOLECCOB MPHUMEHSUIN IOJXOJBI
MHOTOMEPHOT0 aHaJIN3a, B YaCTHOCTH METO/I IMTaBHBIX KoMNoHEeHT (PCA).
Peszynomamui: B pesynbTare HMHTEpIpETAllMM JaHHBIX HAa OCHOBE aHalM3a Macc-
CHEKTPOB OBIJIO OMNpEeNesIeHO, 4YTO HauOOJIBIIMM COJep)KaHHEM B OOJBIINHCTBE
9KCTPAKTOB 00NafaloT anudaTrudyecKkde COUPTHl JHHEHHOIO CTPOGHHUS M HX
MPOU3BOJIHEIE. YTJIEBOJOPO/IbI, KaK JIMHEHHbIC, TAK U Pa3BETBICHHBIE, OTIPE/ICICHBI B
muana3one C10-C40, cpenn nmuHeiHbX mpeobnagaror C29, C31. Beero maentudu-
IUPOBAaHO 16 HACKHIIICHHBIX AMU()ATHUECKUX KUCIOT, 5 UX 3(HUPOB, 5 HEHACHIILIEHHBIX
KHCJIOT, 6 UX 3QUPOB, 2 JaKTOHA. AJTU(QATUYSCKUE aJTbJISTH bl U KETOHBI PEICTABICHBI
14 nuHeHHBPIMHA HACBHIIIEHHBIMUA M 5 HEHACHIIIEHHBIMH allbJCTHIAMH, 4 JIMHEHHBIMU W
2 KETOHaMH C pa3BEeTBICHHBIM cTpoeHueM, 4-Hydroxy-2-butanone, a taxxe tpems B- u
omuuM y-mukeToHamu. Hentriacontane-14,16-dione u ero THAPOKCHUIIPOM3BOIHOE,
COTJIACHO JIUTEPATYPHBIM JIAHHBIM, SBIISIFOTCS (PAKTOPOM OCH30CTH JTUCTHEB MIICHHIIBI.
[IpousBoaHbIe M30MpeHa, OOHAPYKEHHBIE HA XpoMaTorpaMMmax 00pasloB, BKIIOYAIOT:
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MoHoTepreHs! (11) u oOpa3zyronyecs U3 HUX B paCTeHUH HUMOIHI (2), auteprieHs! (17),
ceckButepreH (1), crepounsl 1 ux mpousBogHble (13), a Takke MX HpeAlIECCTBEH-
Hukd (2). K 9Toif ke rpynme OTHOCATCS WASHTH()HUIIMPOBAHHBIE COEAMHEHUS,
BKITIOUAIONINE B CTPYKTYPY MOJHIIPEHOBHIN (hparmeHT: BuTamMuH E, Toxodepomsr a, v,
ux 3¢upsl, Tokociupo A u b, a Taxke 4,8,12,16-tetramethylheptadecan-4-olide. Kpome
TOro, Ha Xpomarorpammax ompexmenensl  Geranylacetone, Farnesylacetone,
Geranyllinalool. ApomaTrueckre coequHeHUs, HACHTH(GUIMPOBAHHEIE B DKCTPAKTax:
¢denonsl (13) m ux mpousBomHble (5), OeH30HHAas KUCIOTa U ee TpousBojaHbE (3),
apoMaTHYeCKUE CUCTEMBI, CONPSDKCHHBIE C KApOOHMIBHOM TpymoH (5) unu ¢ JBoHHON
cBs3pt0 (3), KoHmeHcHpoBaHHBIC cHCTeMBI (5). Kpome Toro, ma Xpomartorpammax
obnapyxeHn Benzeneacetaldehyde. ITuku B macc-cnektpax ¢ unaexcamu Kosaua 2043,
2267, 2367, 2467, 2667, 2767, 2863 mnporpammoii AMDIS, LECO ChromaTOF
onpenesttoress 6o kak N-stmmamuner, mu6o kak N,N-muMernnamuasl TeTpa-
JICKAaHOBOM, TEKCAJCKaHOBOM, TeNTaJcKaHOBOM, OKTAaACKaHOBOM, JHKO3aHOBOM,
F€HAMKO3aHOBOM M JOKO3aHOBOM KHUCJIOT COOTBETCTBEHHO. JlOMOJHUTENBHBIE
WCCIIIOBAHUS YTBEPIKIIAIOT CTPYKTYpY N-3THIAMHUIOB KUPHBIX KUCIIOT.

Jlanaple 0 MeTabomuueckoM cuHTe3e N-3THIIaMHUIOB KUPHBIX KHCIOT OTCYTCTBYIOT.
MOXHO MPEANONIOKUTh, YTO ITOT MPOIECC BKIIOYACT B ceOs CIENyOIie CTaaHu:
1 — B3aMMOICHICTBUE COOTBETCTRBYIOMICH Oy IylIeMy aMHUy JKUPHOH KUCIIOTHI C alleThII-
KoA, nporekaromee ¢ pacxomosaaneM AT®; 2 — peakiust ak THBUPOBAaHHON KHUCIOTHI C
aJaHrHOM ¢ 0Opa3oBanueM N-aIuiaTaHrHa KUPHOH KUCIOTHI; 3 — PEaKIUs C yIaCTHEM
(depMeHTa JeKapOOKCWIIa3bl M THUPUAOKCaIb-5'-hocara ¢ obOpazoBanuem N-
STHIIAMUJIA.

Pacger mo merony PCA ¢ mcmonb30BaHneM BCeX MASHTHU(PHUIIMPOBAHBIX COEIMHEHUI
MO3BOJIMJ BBIACTUTH HECKOJBKO KIIACTEPOB C BO3MOXKHBIM XEMOTAKCOHOMHYECKHM
cxoacTBoM (puc. 1). OOpasiisl ¢ mpeodIaIatoNuM COIEPKaHUEM OKTaK03aHOIa MOKHO
BEJIETTUTH B OTJIENBHYIO TPYIITY, PacloONOKEHHYI0 B 30HE OTPHUIIATEIHHBIX 3HAUCHUI
PC1 (xnactep 1), B oTiuuue ot 00pasioB ¢ npeodiajaHueM OKTaK03aHOJIa U alleTaToB
¢urona (kmacrep 2). OTHENbHO pPAacHoONOXKEHBI 00pas3lbl C  MpeodiagaHneM
ATKWIAMHUIOB KUPHBIX KUCIOT (Kiactep 3).

375000

ANKMAaMUES! KUPHBIX KMCHOT

30.0000:

Component 2

-15.0000

Component 1

Puc. 1. burmiotst PCA Ha oCHOBe Bcex HMIOCHTH(HUIIMPOBAHHBIX coenuHeHHH B 30 coprax
MIIeHUIB. BHyTpeHHAsS TabMuIa COAeP)KUT COOCTBEHHBIE 3HAYCHHS M MIPOICHT N3MEHYHBOCTH
JUTSA TIEPBBIX JIBYX TJIABHBIX KOMIIOHEHT
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AuunupoBanue annpaTHdecKux CIUPTOB, MpeoOnaalonx B Kiactepe 1, B ameTarsl
(ocHOBHBIE KOMIIOHEHTHI KiacTepa 2) MPeAIojoKUTEIbHO MPOUCXOIUT B OTBET Ha
W3MEHCHUE BIIXKHOCTH OKPYXamIel cpeapl. OTO  alMiarpoBaHUEe OJOKUpYyeT
rupouibHBIe (PparMeHThl aMnpaTHISCKUX CITUPTOB, TEM CAMBIM MPHUIaBast KYTHKYJIC
ruapodoOHble  cBoiictBa. B pesynmprare 3Ta  MomudUKanMs — IPEMSTCTBYET
MPOHUKHOBEHUIO U30BITOYHON BIIATH B JTUCT.

Buisoowi: B pesynbTare rccieoBaHus COCTABOB JIMMOGWIBHBIX (QpaKIHid 3KCTPAKTOB
auctbeB 30 coprtoB Triticum aestivum oTMedeHO HalIu4ue XeMOTAKCOHOMHYECKOW
MOJMMOP(HOCTH.

CrnenmnpuiecKuMH MapKepaMH 3THX ITOJUMOP(PHU3MOB SBIISIOTCS: OKTaKO3aHOJI,
MPEBATHUPYIOMINK B OKCTPAaKTax OOJbIIEH YacTH MCCIEAOBAaHHBIX COPTOB, a Takke N-

STUJIAaMHUbI JKUPHBIX KUCJIOT, B-I[I/IKGTOHI)I N1 aneTaTbl OKTaKO3aHOJIa U (bI/ITOJ'Ia.
Bnepevle 0Onapyoicennbie ¢ 601bUIOM KOIUYECMEe 8 YaCmu IKCmpakmos oopaszyos N-smunramuowt

HCUPHBLX KUCTIOM MO2YM Uepambob 6ANCHYIO POJIb 8 a()anmauuu pacmeHuL? K abuomuyeckum cmpeccam.
Koppensiuuii Mexxay cOCTaBOM KYTHKYJIBI M TeorpaUuecKHUM TMPOUCXOXKACHHUEM He
00HapyXEHO.

Qunancuposanue. VlccnenoBaHue  BBIIOIHEHO TpH  (UHAHCOBOM  HOAJCPXKKE
MunncrepcTBa Haykd U Bbiciiero oopasoBanust PO mo rpanty Ne ®BHP-2022-0022 B
OenepanpsHoM uccienonarensckoM 1eHTpe Uul CO PAH u B pamkax mporpaMmsl
ICIG SB RAS Core Facility of Proteomic and metabolomic profiling of microorganisms
(momepxkana mpoektoM Ne 075-15-2019-1662).
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Motivation and Aim: Wheat Triticum aestivum L. is one of the major cereal crops on the
globe. The number of wheat varieties and subspecies is enormous and continues to
increase. Metabolic studies provide a deeper understanding of phenotypic diversity
within the species polymorphism of T. aestivum and are key to chemotaxonomic
classification and identification of species and subspecies based on their chemical
composition. Determination of the chemical composition of lipophilic metabolites in
green leaf extracts will provide an opportunity to establish relationships both within
individual metabolic pathways and between these specific pathways. The realization of
such a comparative study on a wide sample of T. aestivum cultivars and subspecies is
the aim of this study.

Methods and Algorithms: A collection of 30 hexa- soft (T. aestivum) and its subspecies
T. aestivum ssp. petropavlovskyi N.P. Gontsch., tetra- (T. cartlicum Nevski) No. 21, 24
and diploid (T. monococcum L.) No. 26, 27 wheat from the collection of the wheat
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genetics sector of ICIG SB RAS was studied. For annotation of compounds, data were
taken on the following systems: Pegasus 4D GCxGC-TOF MS (includes Agilent
Technologies 7890B) and Agilent Technologies 6890 chromatograph with 5973 mass
spectrophotometric detector. Hierarchical cluster analysis was used to visualize the
differences between the studied leaf extracts of different wheat cultivars. For a more
comprehensive coverage and in-depth analysis of the studied processes, we used
multivariate analysis approaches, in particular, the principal component analysis (PCA)
method.

Results: As a result of data interpretation on the basis of mass spectra analysis it was
determined that aliphatic alcohols of linear structure and their derivatives have the
highest content in the majority of extracts. Hydrocarbons, both linear and branched, were
identified in the range C10-C40, among the linear ones C29, C31 predominate. A total
of 16 saturated aliphatic acids, 5 of their esters, 5 unsaturated acids, 6 of their esters, and
2 lactones were identified. Aliphatic aldehydes and ketones are represented by 14 linear
saturated and 5 unsaturated aldehydes, 4 linear and 2 branched ketones, 4-Hydroxy-2-
butanone, and three - and one y-diketones. Hentriacontane-14,16-dione and its hydroxy
derivative are reported in the literature to be a factor in wheat leaf ossification. Isoprene
derivatives detected in the chromatograms of the samples include: monoterpenes (11)
and cymols formed from them in the plant (2), diterpenes (17), sesquiterpenes (1),
steroids and their derivatives (13), and their precursors (2). Identified compounds that
include a polyprenoid fragment in their structure belong to the same group: vitamin E,
tocopherols a, vy, their esters, tocospiro A and B, and 4,8,12,16-tetramethylheptadecan-
4-olide. In addition, Geranylacetone, Farnesylacetone, and Geranyllinalool were
identified in the chromatograms. Aromatic compounds identified in the extracts: phenols
(13) and their derivatives (5), benzoic acid and its derivatives (3), aromatic systems
conjugated to a carbonyl group (5) or to a double bond (3), condensed systems (5). In
addition, Benzeneacetaldehyde was detected in the chromatograms. Peaks in mass
spectra with Kovacs indices 2043, 2267, 2367, 2467, 2667, 2767, 2863 by the AMDIS,
LECO ChromaTOF program are identified as either N-ethylamides or N,N-
dimethylamides of tetradecanoic, hexadecanoic, heptadecanoic, octadecanoic,
eicosanoic, genecosanoic and docosanoic acids respectively. Additional studies validate
the structure of N-ethylamides of fatty acids.

No data are available on the metabolic synthesis of N-ethylamides of fatty acids. It can
be assumed that this process involves the following steps: 1 — interaction of the fatty acid
corresponding to the future amide with acetyl-CoA, proceeding with the consumption of
ATP, 2 —reaction of the activated acid with alanine, with the formation of N-acylalanine
fatty acid, 3 — reaction with the participation of decarboxylase enzyme and pyridoxal-5'-
phosphate with the formation of N-ethylamide.

The PCA calculation using all the identified compounds allowed us to identify several
clusters with possible chemotaxonomic similarities (Fig. 1). Samples with a predominant
octacosanol content can be identified in a separate group located in the zone of negative
PC1 values (claster 1), in contrast to samples with a predominant octacosanol and phytol
acetates (claster 2). The samples with a predominance of fatty acid alkylamides
(claster 3) are located separately.
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Fig. 1. PCA biplots based on all identified compounds in 30 wheat cultivars. The inner table
contains the eigenvalues and percentage of variability for the first two principal components

Acylation of aliphatic alcohols, which are predominant in Cluster 1, into acetates (the
primary components of Cluster 2) presumably occurs in response to changes in
environmental humidity. This acylation blocks the hydrophilic fragments of the aliphatic
alcohols, thereby imparting hydrophobic properties to the cuticle. As a result, this
modification prevents excessive moisture from penetrating the leaf.

Conclusion: The study of compositions of lipophilic fractions of leaf extracts of
30 varieties of Triticum aestivum resulted in the presence of chemotaxonomic
polymorphism.

Specific markers of these polymorphisms are: octacosanol, prevailing in the extracts of
most of the studied varieties, as well as N-ethylamides of fatty acids, f-diketones and
acetates of octacosanol and phytol.

N-ethylamides of fatty acids detected for the first time in large amounts in part of the
sample extracts may play an important role in plant adaptation to abiotic stresses.

No correlations were found between cuticle composition and geographical origin.
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