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OT PEOAKTOPA / FROM THE EDITOR

[IsgTasg MmexXayHapoaHas HayvuHast KoHpepeHus PlantGen2019

oporue ynratenu! CeapMoil BBIYCK JKypHaIa TeMa-

TUYECKU, OH nocBsieH [1aTol MexayHapoaHol Ha-

yuHOH KoH(pepeHuun «l'eHernka, reHoMHKa, ONOWH-
(hopmatuka u 6moTexHonorus pacrenuin» (PlantGen2019),
KoTopas cocrositack 24—29 urons 2019 . B HOBocnOUpcKoM
Axkanemropojke. Oprannzaropamu KOH(QEPEHIUH BBICTY-
nui DenepalibHbI UCCiIeN0BaTeNbCKUN HeHTp MHCTUTYT
UTONIOTHH ¥ TeHeTHkr CrOupckoro otaeneHus Poccuiickoit
akajeMuu Hayk, HoBocnOMpCKUiI rocynapcTBeHHBIH yHU-
BEpCUTET, MUHUCTEPCTBO HAyKH M BBICIIETO 00pa30BaHUS
Poccuiickoit @eneparum, MexXperuoHaibHast 00IIECTBCHHAS
opranuzaiys «BaBuiIoBcKoe 00IIECTBO TEHETHKOB M CElleK-
uoHepoBy, HoBocnbupcekast obmactHas oOmiecTBeHHAS Op-
ranu3anys « BaBuioBckoe 0011ecTBO TEHETHKOB 1 CENEKIIN0-
Hepo», EUCARPIA (European Association for Research on
Plant Breeding — EBponetickas acconuanys 1o HCCIISIOBAHHUIO
celeKnuu pacTeHuit). B pabore koH(epeHIny MpruHsIH yJac-
tue okono 300 y4eHsIx u3 19 ctpan.

BonpmmacTBO M0KIaM0B TIepBOii KoH(pepentnu PlantGen
(HoBocubupck, 2010 r.) OBUTO MOCBSIICHO MIIICHUIE — UC-
KJIFOYUTENIFHO BaXKHOM JTIs YeJI0BeYeCTBa 3epPHOBOM KYJIBTYPE.
370 00YyCIIOBINBATIOCH PE3YIBTATAMH, IOy YEHHBIMHU COTPY/I-
HUKaMU VIHCTHTYTa INTOJIOTHN ¥ TEHETHKH 110 TAaHHOHU TeMe,
1 BXOX/IEHHEM HHCTUTYTA B KPYITHBIN MEKIyHAPOIHbIHN KOH-
COPIIMYM IO cekBeHnpoBaHuio renoMa mmeHntsl (IWGSC).

Ceiiuac, cycTs AecsATHIETHE IporpaMma KOH(EpeHINN
CYIIECTBEHHO pacIIupUiIachk. B mieHapHBIX U KITIOYEBBIX J10-
KJIaJax Ha TEMAaTHUECKUX CEKIMAX OBIIM pacCMOTPEHBI HO-
BEHIIINE TOCTHKEHNS B 00JIaCTH N3Y4EHHS CTPYKTYPHO-(DyHK-
LMOHAJIBHOM OpraHu3aluy reHoMa paCTCHUM U IPUMEHEHUS
MOJTYYCHHBIX JAHHBIX ISl PEHICHUS] MPAaKTHYECKHUX 3azad
pactenneBoscTBa. [Ipo3Bydann cooOmIeHNs, TOCBSIIICHHBIC
CaMbIM Pa3HBIM CEJIbCKOXO3AMCTBEHHBIM KYyJIbTypaM MU HX
UCTIONIb30BAHUIO B CEJICKINU U (DYHKIIMOHAIBHOM TTHTaHNH,
OLICHKE YCTOMYMBOCTH PACTEHHH K OMOTHYECKHUM M aOHo-
THYECKUM CTpeccaM, PasBUTHIO OMOTEXHOJIOTHH PacTeHUH
B IIOCTTCHOMHYIO 3Dy, CUCTEMHOW OMOIIOTHH pacTeHUH U
I (GPOBBIM TeXHONOTHSIM. /151 IeTabHOTO 00CYKICHUS OT-
JIeTIbHBIX METOJIOB UCCIIEIOBaHML, B TOM UHcie d3(Q(YEKTUBHBIX
TIO/IX0/10B, HAIPABJICHHBIX Ha COMPOBOX/ICHUE CEJICKIINOHHO-
TO Tporiecca, ObUIN OPraHN30BaHbI JIOTIOTHUTEIBHBIC CEKIINU
1o cenexuuu pacreHuil B XXI B., IUTOreHETUKE PacCTEHUN B
TEHOMHYIO M TTOCTTEHOMHYIO 3Dy, aCCOIIMAaTUBHOMY KapTH-
POBAHUIO.

Ha cexuun «I'eneTnueckue pecypcol paCTeHUM 17151 CeJeK-
MY ¥ (PyHKIIMOHAIBHBIX IPOAYKTOB MUTAHHD» 00CYKAAT0Ch
COBPEMEHHOE COCTOSHHE HMCCIICJIOBAaHUN 110 XPAHCHHUIO U
M3YYCHUIO KOJUIEKLUH pacTeHWH B Pa3iIM4YHbIX I'eHOaHKax.
OCHOBHO aKIICHT OB C/IeJIaH Ha aKTyaJIbHbIEC HAIIPABICHUS
M3Y4YEHUs KOJUIEKIUH JUI PEIICHNs] TeHeTUYECKNX 3a/1ad, a
TaKKe X MCIIOIb30BAHUE B CEJICKIMHU U TP CO3JaHUH (PyHK-
IIMOHAJBHBIX MTPOJYKTOB MUTAHUSI.

B nenTpe BHHUMaHUS CEKUUU «YCTOMYMBOCTH pacTeHUI
K (uTOnaroreHaMm M JpyruM OMOTHYECKHM CTpeccam» OKa-
3aIMch pabOoThl MO MOUCKY HOBBIX T'€HOB YCTOWYMBOCTH K
O6uornueckuM (hakropam BHeMIHEH cpeabl. MexaHu3Mel (op-

PR AR

MHCTUTYT LINTC

CUBUPCKOTIO 02

MUPOBaHUsl YCTOMYMBOCTH PACTEHUM K 3acyXe, MOpO3aM U
MOHIKEHHBIM TEMIIepaTypaMm, 3aCOJICHHIO M yCTOWYNBOCTH
pacTeHHi K TOKCHYECKHM MeTajlaM OBIIM MpeaCcTaBICHBI
B JIOKJIagax cekiuu «[eHeTnyeckne n SMUTreHEeTHYECKHe
MEXaHU3Mbl YCTOWYMBOCTHU PAaCTEHUH K aDMOTHYECKHM CTpec-
cam». AKTyaJIbHOH 3a/1auei IpU3HAH IOMCK TeHETHYECKUX 1
SMHUI'CHETHYECKUX (haKTOPOB, ONPEIEISIONINX YCTOHYHBOCTh
pacTeHuil K abMOTHYECKOMY CTpECCY.

B OnorexHonorun pacteHnii, HaPaBICHHON Ha CO3/IaHNE
HOBBIX ()OPM pacTeHHH C yITyUIlIEHHBIMU IIPU3HAKAMH, MOYKHO
BBIJIETINTH HECKOJIBKO MOAX0/10B. [IpeMeToM paccMOTpeHust
Ha ceKunu «BHOTEeXHOJOTHS pacTeHUI B MOCTTEHOMHYIO
9py» OBUIM COBpPEMEHHBIE MO/IXO/bI, CBSI3aHHBIE C HCIIOIB30-
BaHHUEM METOJI0B T€HETUUECKOI, XpPOMOCOMHOM U KJIETOUHON
WHKEHEPHUH, a TAK)KE TeHOMHOTO PEIaKTUPOBAHMS. bombIioit
MHTEPEC BBI3BAIM MCCIIEJOBAHMS, HAIIEJICHHbIE HA YCKOPEHUE
CO3JIaHUS PACTEHUH C 3apaHee 3a/laHHBIM TE€HOTHUIIOM C TI0-
MOIIIBI0 KOMOWHHPOBAHHBIX OMOTEXHOJIOTMYECKHX ITOXO0/I0B.

Cekuust «CuctemMHasi OMOJIOTHsI paCTeHUH U LUPPOBBIE
TEXHOJIOTHI ObLIa MOCBAIIEHA TEHOMHBIM U TIOCTEHOMHBIM
METO/IaM aHAJIN3a CTPYKTYPHO-(DYHKIIMOHAIBHONW OpraHn3a-
U TCHOMAa U UHTCTpalu MOJYYCHHBIX 3HAHUHU B CUCTEM-
HyI0 Omonornu pacteHuil. B pamkax cexium o0Cyxnainch
BOIIPOCHI MO Pa3pabOTKEe M HCIIOIB30BAHUIO TCHETHYECKUX
MOJICIICH [Is PeLICHHUS 33/]1a4 CUCTEeMHOM Orostoruu. OcoObiit
aKIIeHT CJIeNIaH Ha MeTo/1aX OMOMH(pOPMATHIECKOTO aHAI3a 1
cOOpKH de novo CeKBEeHMPOBaHHBIX TeHOMOB pacTeHuii. B mo-
CJIEJTHUE TO/IbI CYILIECTBEHHO PACLIMPUIICS KPYT PACTUTEIILHBIX
0OBEKTOB, AJIsI KOTOPBIX ITOY4€HBI JaHHBIE TIOTHOTEHOMHOTO
CEKBEHHPOBAHUsI, M BCTAET BOIIPOC, KAK YCIICITHO HHTETPHPO-
BaTb 5TU JAaHHBIC B CUCTEMHYIO 6I/IOJ'IOFI/IIO, JJIA TOTO ‘-ITO6]:-I
BIJIOTHYIO ITOJOWTH K IOHHMAHUIO 3aKOHOMEPHOCTEN opra-
HU3aIuK ¥ QYHKIIMOHUPOBAHUS TEHOMA PacTeHUH, pean3y-
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€MOT0 B ITPOLECCE PA3BUTHUS U B3aUMOAEUCTBHSI OpraHU3Ma ¢
OKpy>Karolle cpenoil. Jljis peleHus oCTaBIeHHOro BOIIpoca
OBLIO PACCMOTPEHO HCIIOJIB30BAaHUE METOJI0OB CHCTEMHOM
OMOJIOTHH Yy PACTHTEIIFHBIX OPTaHU3MOB, PA3IUYAIOIINXCS
110 pasMepaM U IJIOUJIHOCTHU T€HOMOB.

B nacrosmiee BpeMsi FTeHETUUECKHE TEXHOJIOTMH AKTHBHO
BHEZIPSIIOTCS B CENEKIIMOHHBIE poliecchl. Ha mapannensHoi
ceknun «Cenekius pacrenuit B XXI Beke» 00Cy)Ianuch
HACYIIIHBIE 3aa4M CENEKIUH PACTEHUI M BO3MOKHOCTH MX
pellIeHusl C MOMOLIBIO METOJOB MapKep-OpHUEHTUPOBAHHOM
1 T€HOMHOM CCJICKIIUH, a TaKKE€ COBPEMCHHBIX IMMOAXOA0B B
TEHOMHOM PEJAKTHPOBAHHUH.

Ha cexuun «AccouuaruBHoe KapTUPOBAHHE IJIsI AHUC-
CCKIIUU IMMPU3HAKOB U BBIABJICHUC I'CHOB-KaAHAWIATOB) 6])1.]13
MOKa3aHa aKTyallbHOCTh JAHHOTO METOAMYECKOTO MOAXOMAa
JUISl U3Yy4EHUs] TEHETUYECKUX OCHOB XO3SIHCTBEHHO LIEHHBIX
ITPU3HAKOB. Texnomorus I/IILCHTI/I(I)I/IKaL[I/II/I TC€HOB, KOHTPOJIN-
PYIOIIMX XO35ICTBEHHO LIEHHBIE IPU3HAKH PACTEHUM, pa3HO-
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obOpasHa. Jlokaunky npeacTaBmim Hanoonee 3 PpeKTHBHbIE
METOJIbl aCCOLMATUBHOIO KapTUPOBAHUS AJISl T€HOMA pac-
TEHHUH 1 MOAXO/bI, MOBBIIIAIOMINE YPOBEHb TOCTOBEPHOCTH
TIOJTyYCHHBIX PE3YJIbTaTOB.

B cBsi31 ¢ MacCOBBIM IIUPOKOMACIITAOHBIM CEKBEHUPOBA-
HHEM I'€HOMOB PacTEHNUH CyIIECTBEHHO N3MEHUIINCH HAITPaB-
JICHUS] TIPUMEHEHUSI METOJIOB IIUTOTCHETUKHU JUIS N3yUCHUS
reHOMa PacTeHH. DTH aKTyaJIbHbIE BOIIPOCHI ObUIN ITOCTaB-
JeHbl Ha ceKimu «lluToreHeTnKa pacTeHU B TEHOMHYIO U
MOCTICHOMHYIO 3py» C y4ETOM COBPEMEHHBIX TEXHOJIOTHH
M3YYEHUs TEHETHUECKOTO MaTepralla i HOBBIX METO/IMK aHa-
nm3a IA(POBBIX H300pakeHHUI.

[TomuMo 10KIIa/10B, BAXKHOW 4acThI0 pabOTHI HAa KOH(EpeH-
1M sIBIIsieTCsl He(hopMasibHOE OOLIIEHHE YYEHBIX, KOTOPOE He-
PEIKO BBUIMBAETCS B COBMECTHBIE HCCIIEN0BATEIBCKHE TIPO-
exThl. He crana nckimouennem n kongepenuns PlantGen2019,
10 UTOT'aM KOTOPOM JOCTUTHYT PsiJi BXKHBIX JIOTOBOPEHHO-
CTel MEeXIy €€ yIaCTHUKAMH.

A.B. Kouemos,

unen-koppecnonoenm PAH, oupexmop HI{ul”’ CO PAH,
npedcedamens konpepenyuu PlantGen2019

E.A. Canuna,

npogheccop, enasuwiii Hayumnwviil compyorux ULul” CO PAH,
conpedcedamens kongpepenyuu PlantGen2019

BaBunosckuii XypHan reHeTuku u cenekuyum / Vavilov Journal of Genetics and Breeding - 201923 - 7
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The increasing availability of Single Nucleotide Polymorphisms (SNPs) discovered by Next Generation Sequencing
will enable a range of new genetic analyses in crops, which was not possible before. Concomitantly, researchers
will face the challenge of handling large data sets at the whole-genome level. By grouping thousands of SNPs into
a few hundred haplotype blocks, complexity of the data can be reduced with fewer statistical tests and a lower
probability of spurious associations. Owing to the strong genome structure present in breeding lines of most crops,
the deployment of haplotypes could be a powerful complement to improve efficiency of marker-assisted and ge-
nomic selection. This review describes in brief the commonly used approaches to construct haplotype blocks and
some examples in animals and crops are cited where haplotype-based dissection of traits were proven beneficial.
Some important considerations and facts while working with haplotypes in crops are reviewed at the end.
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leHeTMUYeCKNII aHA/JIM3 HAa OCHOBE ralJIOTUIIOB:
HpO6JIeMbI N ITEePCIIEKTNBbI

A. Ceraa®, C. Apeitauraxep

MexxayHapogHbIl LeHTpP ynyuleHusa Kykypysbl 1 nwenutpbl (CIMMYT), Tekcoko, Mekcrka
® e-mail: d.sehgal@cgiar.org

Bo3pocuaa AOCTYNHOCTb OAHOHYKNEOTUAHbIX nonumopdusmos (SNP), pazpaboTaHHbIX C MOMOLLbIO TEXHONOMUIA
CeKBEeHMPOBaHWA HoBoro mnokoneHuna (NGS), no3BonAeT NPOBOANUTb FEHETMYECKUE WUCCIeA0oBaHUA KYSbTYPHbIX
pacTeHuii, KoTopble paHee 6blIN HeBO3MOXHbI. OfHOBPEMEHHO C 3TVM YUeHble CTaJIKUBAOTCA C HEOOXOAUMOCTbIO
06paboTKM 60bLIMX MAaCCMBOB JaHHbIX, MOMYYEHHbIX Ha OCHOBE MNOJIHOrEHOMHOIO CKPUHKMHIa. CNOXHOCTb 06pa-
6OTKM 1 UHTEpPRpeTaLUM SKCNEPUMEHTaNbHbIX AaHHbIX MOXET ObITb YMEHbLUEHa 3a CYET COKPaLLEHNA Yncna cTa-
TUCTNYECKMX TECTOB U CHXXEHUA BEPOATHOCTU JIOXKHbIX accoumaumin nyTem rpynnupoBKu Toiciy SNP B HECKONIbKO
coTeH 6510KOB rannoTunoB. bnarogaps ycTolumMBON CTPYKType reHoMa B CeneKUMOHHbIX TUHMAX GoMbMHCTBA
KyNbTYp, NOCTPOEHME FransioTUINOB MOXKET CTaTb MOLLHbIM AOMOMHEHMEM /1A NOBbIWeHNA 3bPeKTUBHOCTI MapKep-
OPVIEHTUPOBAHHOWN 1 reHOMHOW cenekuymmn. B HacTosALem 0630pe KpaTKo nepeynciieHbl Noaxoabl, TPaAUUMOHHO
nprYIMeHAEMble /1A KOHCTPYMPOBaHWA ranioTUMNHbIX 6/10KOB, a TakXe NprBefeHbl ycrnellHble NpruMepbl NCCneao-
BaHWi, MPOBEAEHHbIX Ha KYJIbTYPHbIX PAaCTEHMAX U KMBOTHbIX, MO ANCCEKLMMN XO3ANCTBEHHO BaXXHbIX NPU3HAKOB
Ha OCHOBe ranaoTUNHOro aHanu3a. MNpencTaBneHbl BbIBOABI Y BaXkKHbIE 3aK/IOUEHUA, CAeNaHHble NO pe3yfibTaTam
N3yYeHWA reHOMa KybTYPHbIX pacTeHUI C UICMOSIb30BaHMEM MOAX0AA, OCHOBAHHOIO Ha aHanu3e ranioT1roB.

Key words: rannotun; GWAS; reHomHas cenekums; SNP.

BaBumnoBcKui xxypHan reHeTuku n cenekymm. 2019;23(7):803-808

Introduction

Advances in Next Generation Sequencing (NGS) technologies
by whole genome (Berkman et al., 2012; Chia et al., 2012),
transcriptome (Cavanagh et al., 2013), reduced-representation
(Elshire et al., 2011; Poland et al., 2012) and/or exome se-
quencing (Winfield et al., 2016) have led to new levels of
Single Nucleotide Polymorphisms (SNPs) discovery. Hence,
a paradigm shift from marker-based to sequencing-based ge-
notyping of breeding populations and diversified germplasm
panels has been observed in the post-genome sequencing era.
These developments have facilitated development of high-
density maps, identification of Quantitative Trait Loci (QTL)
and discovery of new genes in several crops, thus assisting the

© Sehgal D,, Dreisigacker S., 2019

breeding process (Sehgal et al., 2016, 2017; Singh et al., 2016;
Pandey etal.,2017; Suetal., 2017). Especially polyploid crops
such as wheat have benefited from these advances, as marker
number and density were major gaps in conducting in depth
genetic analyses. Dense sets of SNPs now available from
different marker platforms [90K Illumina iselect, Genotyping-
by-Sequencing (GBS), Diversity Array Technology Sequenc-
ing (DArTseq), high-density Affymetrix Axiom® genotyping
array] have significantly upgraded the genetic toolkit available
in wheat. Therefore, rapidly growing numbers of breeding
lines are being genotyped at low cost (Poland, 2015). In ad-
dition, whole genome sequence (>15 Gb) of wheat is now
available, by combining next generation (short [llumina reads)
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and third generation sequencing data (long Pacific Biosciences
reads), which will make cloning of genes feasible (Shi, Ling,
2018).

With upsurge in dense marker data sets coming from dif-
ferent genotyping platforms leading to more markers than
observations, scientists will face the challenge of handling
large data sets at the whole-genome level for both reliable
gene discovery and genomic predictions. Therefore, new ap-
proaches will be required to deal with cumbersome data and
to make analysis easier. Constructing haplotypes from SNPs is
one of the options to deal with bulky datasets. Being multial-
lelic, haplotypes are more informative than SNPs and allow
more powerful and less exhaustive genome-wide scan. In this
review, we have first defined what haplotypes are and what
approaches are available to make haplotypes. Many examples
are cited in animals and crops where haplotypes-based analysis
have yielded better results than using SNPs in Genome Wide
Association studies (GWAS), Genomic Prediction (GP) and
in candidate gene identification.

What are haplotype blocks?

A haplotype block defines a region in the genome that com-
prises a set of neighboring SNPs, whereby their phased alleles
are likely inherited together with little chance of contempo-
rary recombination (Fig. 1). Mainly, three approaches are
used to construct haplotype blocks: (1) user-defined length,
(2) sliding-window, and (3) linkage disequilibrium (LD).
Any of these three methods can be used depending on the
skills of the user and/or on the objective of the research. The
user-defined fixed length of haplotype blocks (2 to 15 bp) is
the easiest approach; however, generated haplotypes do not
reflect any biological phenomenon such as LD (Gabriel et al.,
2002) or shared evolutionary history (Templeton et al., 2005).
The sliding-window approach is the most widely used, and
has been used intensively for building haplotypes in GWAS
for quantitative or qualitative traits. In this method, a genomic
region under study is divided into windows, either of uniform-
size or variable-size (Tang et al., 2009), and a multiple-marker
association test is performed for each window. This approach
is easy to use and handle, however, when adjacent SNPs are
in strong LD, it provides redundant information thus making
the sliding-window approach no more informative than a SNP.
Similarly, when LD pattern vary over large genomic regions,
it is difficult to determine window-size for a genome-wide
scan. The LD-based approaches are the most advantageous be-
cause they focus directly on the detection of historical recom-
bination in a given population and LD coefficients are easy to
visualize.

Today most genomic analyses such as GWAS or GP use
bi-allelic SNP markers. However, SNPs can be combined into
short, multi-allelic haplotypes to overcome bi-allelic problem
and to perform a powerful and less exhaustive genome scan.
By using haplotype blocks, information on multiple markers
jointly can be used and hence local epistatic interactions can
be naturally modelled, and the reduced number of parameters
enables a range of genomic analyses including GWAS, GP,
and/or detection of selection signatures. Further, haplotype
blocks can be coded in a simple numeric (binary) form to be
used in different R codes or Java-based programs. Figure 2
shows how a haplotype block composed of two adjoining
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SNPs and having four alleles (AC, GT, AT and GC) can be
converted to a simple binary 1-0 format.

Case studies in animals and humans

GWAS studies based on haplotypes are common in animals
and humans (Grapes et al., 2004; Hayes et al., 2007; Calus
et al., 2009; Shim et al., 2009; Khankhanian et al., 2015;
Jonas et al., 2016; Sato et al., 2016). Studies have generated
plethora of evidences to establish that multi-allelic haplotypes
significantly improve the power and robustness of association
as compared with individual SNPs. A common observation
in SNP-based GWAS is the large gap between the variance
explained by the identified SNP-associations and the total
variance, termed as the ‘missing heritability’. J. Yang et al.
(2010) showed that a part of the ‘missing heritability’ could
be attributed to a lack of LD between SNP markers and caus-
ative variants. Combining neighboring SNPs into haplotype
blocks is a simple way to generate a more complete LD. It
has been shown that the use of haplotype-based methods
have reduced the heritability gap in many cases compared
with SNP-based methods when both were applied to the
same dataset. P. Khankhanian et al. (2015) investigated the
genetic basis of Multiple Sclerosis (MS), a complex genetic
disorder in humans controlled by a major histocompatibility
complex (MHC) on the short arm of chromosome 6. Haplo-
types of various lengths (from 1 up to 15 contiguous SNPs)
were constructed at each of the 110 previously identified,
MS-associated, genomic regions. The results based on hap-
lotypes outperformed the results using individual SNPs by
at least three orders of magnitude. Moreover, when 932 MS-
associated haplotypes (identified from 102 genomic regions)
were included as independent variables into a logistic linear
model; the amount of MS heritability was 38 %, while with
individual SNPs it was 29 %.

Simulations based on the LD and population history of
livestock have shown that haplotypes can provide greater
QTL detection power and mapping accuracy than single
markers (Hayes et al., 2007; Calus et al., 2009). Use of hap-
lotypes have also led to the discovery of new genetic regions
of interest, which have not been identified by a SNP-based
GWAS (Lu et al., 2003; Hagenblad et al., 2004; Shim et al.,
2009). W. Barendse (2011) showed that haplotype analysis
improved evidence for candidate genes for intramuscular fat
(IMF) percentage in cattle as they explained around 80 %
more of the phenotypic variance for the five genes that showed
some evidence of association to IMF compared to individual
SNP analyses. Further studies in animal breeding have also
accumulated evidences that integration of haplotypes or
haplotype-tagged QTL in genomic selection models can im-
prove GP accuracies for complex traits (Boichard et al., 2012;
Cuyabano et al., 2014, 2015a, b; Jonas et al., 2016; Hess et
al., 2017; Jiang et al., 2018).

Case studies in crops

Although only a few case studies have been reported in crops,
results have been encouraging towards haplotype-based analy-
ses. A.J. Lorenz et al. (2010) used a sliding window approach
and explored the utility of haplotype blocks over individual
SNPs for GWAS in barley. They used heading date collected
on a large set of barley germplasm from the Barley Coordi-
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Fig. 1. Two close SNPs shown on the left side, each with two alleles. Haplotypes formed by combining these two SNPs are shown

on the right side resulting in four alleles.
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Fig. 2. Strategy to convert haplotypes to binary format to be used in well known R scripts and Java-based platforms for genetic analysis.

nated Agricultural Project. Three associations were found
for heading date, two of which were detected by haplotype
analyses only. Further, the authors determined the effect of
three sets of QTL simulations. The power of individual SNP-
based analysis was superior to that of haplotypes when the
causal SNP was present in genotyping data. In the absence of
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causal SNP, haplotypes-based GWAS was more powerful to
detect QTL than SNPs. In the latter case, however, the type
of method used to construct haplotype blocks affected power
ofthe GWAS. Y. Ma et al. (2016) studied the effect of marker
preselection on the prediction accuracy in soybean on plant
height and yield per plant. The three strategies tested were
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(a) a random SNP sampling method (RSM), (b) a haplotype
block analysis-based sampling (HBA), and (c) even SNP
sampling method (ESM). They found that for grain yield,
prediction accuracy increased by approximately 4 % based on
HBA-based approach compared with RSM and ESM.

Y. Lu et al. (2012) conducted comparative LD mapping
using SNPs and haplotype blocks to identify QTL for plant
height and biomass under drought stress in maize. They used
a 10 kb sliding-window approach accounting for the average
length of LD to construct haplotype blocks. Using haplotype-
based LD mapping, three and 12 significant haplotypes were
identified for plant height and biomass, respectively, of which
six haplotypes contained at least one SNP that was also sig-
nificantly associated with the specific trait revealed by SNP-
based LD mapping. The haplotype-based analysis explained
higher phenotypic variation (on average 2.9 %) than SNPs
for both traits.

A few genetic studies have attempted to model the effect
of interactions between haplotypes (epistasis) on quantita-
tive traits in crops. Some examples include the vernalization
response in barley (Cockram et al., 2007) and chlorophyll
content in rapeseed (Qian et al., 2016).

Studies in wheat (published and ongoing)

In wheat, studies are so far very few where haplotypes-based
genetic analysis have been conducted. K. Voss-Fels et al.
(2017) explored molecular interactions connecting root and
shoot development and growth in European elite wheat germ-
plasm to investigate plant’s demand for water and nutrients
along with its ability to access them. They mapped two highly
significant haplotypes for root biomass in close proximity to
amajor locus known to affect spike development. It was con-
cluded that possibly, strong selection for a haplotype variant
controlling heading date, has eliminated a specific combination
of two flanking, highly conserved haplotype variants whose
interaction confers increased root biomass. Breeders could
reverse this consequence of selection to recover root diversity
that may be useful under stress environments.

N’Diaye et al. (2017) conducted a SNP- and haplotype-
based GWAS of semolina and pasta color in elite durum wheat
lines. They combined SNPs within a window size of 5.3 ctM
(based on average LD decay) on the same chromosome to
form haplotype blocks. Haplotype-based GWAS resulted in
an increase of the phenotypic variance explained (50.4 % on
average) and the allelic effect (33.7 % on average) compared
to SNP-based GWAS.

In the past decade, various high-throughput genotyping
platforms have been adopted by CIMMYT including the
20K and 90K Illumina iselect SNP arrays, the Breeders’ 35K
Axiom® array (Affymetrix), DArTseq GBS. As a result, large
data sets have been generated on different sets of germplasm.
Several SNP-based GWAS studies have been performed
(reviewed in Dreisigacker et al., 2019) and haplotype-based
GWAS has been initially tested. A latest example include
haplotype-based quantification of exotic (landrace, synthetics,
etc.) genome imprints in pre-breeding germplasm (Singh et
al., 2018). A set of 984 pre-breeding lines (PBLs) generated
by a three-way cross (exotic/elitel//elite2) were genotyped
with DArTseq and phenotyped for a range of agronomic traits
under stress environments. Haplotype blocks, generated using

806

Haplotypes-based genetic analysis:
benefits and challenges

the LD approach, identified 361 and 367 blocks in PBLs and
exotics, respectively. Haplotype block-by-block comparison
on each chromosome revealed that 58 (16 %) blocks identi-
fied in PBLs were exotic-specific. Further, a rare and favor-
able haplotype (GT) was identified on chromosome 6D that
minimized grain yield (GY) loss under heat stress without
penalty under irrigated conditions.

A large GWAS using haplotypes and individual SNPs
was performed for GY and superiority index Pi (measure
of GY stability) using a large set of advanced bread wheat
lines (4,302), which were genotyped with GBS markers and
phenotyped under contrasting (irrigated and stress) environ-
ments (unpublished work). The average R? explained by
haplotypes and SNPs showed a 6.1 to 9.9 % higher variation
with the haplotype-based GWAS as compared to the individual
SNP-based GWAS for GY and Pi (Sehgal et al. personal
communication). We further explored whether integrating
haplotype-tagged QTL for GY as fixed variables in prediction
models improved prediction accuracy. It was observed that
the model accounting for the haplotype-based GWAS results
as fixed effects led to up to 9 to 10 % increase in prediction
accuracy, whereas it was only 4 to 5 % with SNP-tagged
QTL. Similarly, haplotype-based GWAS conducted for
thousand-grain weight identified four major loci in CIMMYT
germplasm; all the four loci showed higher p values than the
associated individual SNPs on chromosomes 4A and 6A.

Considerations and challenges

Due to the growing availability of SNP datasets in crops,
haplotype-based approaches for genomic analyses is likely
to increase markedly. However, the power of analyses using
haplotypes vs. SNPs must be evaluated on a case-by-case
basis, as risk factors are common for both approaches. For
example, under certain disease models (simple Mandelian or
complex multi-gene additive or epistatic inheritance) and cer-
tain LD patterns one method outperforms the other, so different
architectures of QTL and LD patterns interact with marker
characteristics to influence power in GWAS. Similarly, bottle-
necks are known to increase LD and shift allele frequency
spectra toward higher minor allele frequencies. Hence, after
a bottleneck, SNPs are more likely to be in LD with QTL and
haplotypes might provide little advantage. Marker ascertain-
ment is another important criterion and is a characteristic of
SNP chips. In the standard method of developing a SNP chip
or an array, a small SNP discovery panel is used, which means
that low frequency mutations often go undetected and SNPs
occurring at intermediate to high frequencies dominate in such
chips or arrays. This over-sampling of mutations at interme-
diate frequencies results in lower levels of LD than if SNPs
were selected randomly. For GP, haplotype-based prediction
approaches are favored only if alleles at QTL are more closely
linked to the haplotype than to individual SNPs. Finally, map
order errors can play a significant role in determining the safe
and best approach for analysis. For example, SNP analysis is
unlikely to be affected by ordering errors and hence is the best
approach when map order is doubtful.
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O6HapyxeHne CRISPR-kacceT 1 reHOB cas
B reHOMe Arabidopsis thaliana
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CoBpeMeHHbI YPOBEHb 3HaHMI B 06N1acTV 3BONIOLUN PAaCTUTENbHBIX BMPYCOB MO3BOMAET OTHECTU npobnemy
reHeTUYeCKnX OCHOB MPOTUBOBMPYCHOIO MMMYHUTETA BbICLUMX PAacTEHU (B TOM YMC/e BaXXHEMLIMX CeSTbCKOXO-
3ANCTBEHHDBIX KYNbTYP) K pa3pagy Hanbonee akTyasbHbIX Npobnem reHeTvKM 1 cenekuun. B cootsetctBum ¢ sHgo-
CUMBNOTNYECKON TeOprEN NMPUHATO CYMTaTb, YTO MUTOXOHAPWM NPOU3OLWWAN OT anbda-NpoTeobakTepuil, KOTo-
pble 6binv NOrNOLWEeHbl, HO He NOABEPTHYTbI 4eCTPYKLMM KNETKON-XO3AMHOM. B CBA3M C OTKPbITEM Y NPOKapMoT
CRISPR-Cas (clustered regularly interspaced short palindromic repeats — CRISPR-associated proteins) cuctem, Bbi-
NonHALLWNX GYHKLMIO afanTUBHOIO MMMYHUTETa, BO3HUKAET BOMPOC, MOT v MOAO6HbIA MeXaHW3M NPOTUBOBU-
PYCHOM 3almThl GbITb MOAXBAYEH SBOJIIOLMEN 1 NCMOSIb30BaH NPEACTaBUTENAMM SYKapuoT, HanpumMep pacTeHus-
MU. 3aauei HacToALe paboTbl Gbl1 aHaNU3 NOMHbIX NOCefoBaTeIbHOCTEN ALEPHOrO, MUTOXOHAPWANBHOTO 1
xnoponnactHoro reHomoB Arabidopsis thaliana ¢ uenblo MONCKa reHETUYECKUX S1IEMEHTOB, CXOAHDBIX C TaKOBbIMM B
CRISPR-Cas cuctemax y 6aktepuii n apxeid. B pesynbtate metogamu in silico B MUTOXOHAPVANbHOM reHOMe SKOTK-
noB A. thaliana o6Hapy»xeH NoKyC perynapHo nepemexaroLmxca KOPOTKMX MPAMbIX MOBTOPOB, COOTBETCTBYIOLLMIA
no cesoen opraHusauymm CRISPR-nokycy agantnsHoro CRISPR-Cas nmmyHuTeTa npokapuroT. Ha BepoATHYI0 CBA3b
06OHapy>KeHHOro B MUTOXOHAPWANIbHOM FreHOME BbICLLEro PacTeHNA JIOKyca C GyHKLMen aAanTMBHOrO MMMyHIMTETa
yKa3blBaeT Hannume y crnercepHbIX nociepoBaTesibHoCTeln B coctaBe HangeHHon CRISPR-kacceTbl romonorum
reHOMOM BMpYycCa MO3avKU LIBETHOW KamnycTbl, MOpakatoLero pacteHnsa apabvaoncuca. Y nuHuia apabuponcuca
C24 v Ler nocnepoBatenbHOCT NoBTOpOB U cnericepoB CRISPR-kacceTbl MOMHOCTbIO MAEHTUYHbIL. B TO e Bpe-
mA nokanusaumua camoro CRISPR-nokyca B MUTOXOHAPMANbHOM FreHOMe 3TUX IMHWIA CYLLeCTBEHHO pa3fiyaeTcs.
YctaHoBneHo, uto y nuHum Col-0 B pe3ynbTaTe ueTbipex aeneumin n ogHon nHcepuun CRISPR-kacceta nonHOCTbIO
HapyLueHa. XOTA reHbl cas B MUTOXOHAPUaNbHOM FreHOMe UCCiieAyeMbIX SKOTMMOB apabuponcrca He 6binmn Haliae-
Hbl, YCTAaHOBJIEHO X Hannumne B AfepHOM reHome. B anepHom reHome skotuna Col-0 Ha Bcex NATU XpoMocomax
06Hapy»KeHbl reHbl cas 1 MHoroumcneHHble CRISPR-kacceTbl. MonyyeHHble pe3ynbTaTbl NO3BOMAIT NPELNONOXITb
CyLecTBOBaHMeE Y pacTeHU CUCTEMbI aAanTUBHOTO MMMyHUTETa, aHanormyHoro CRISPR-ummyHnTeTy 6aktepuii
1 apxen.

KntoueBble cnoBa: Arabidopsis thaliana; 3kOTVnbl; MUTOXOHAPWANbHBIN reHoM; AfepHbIl reHoMm; CRISPR-kacceTa;
reHbl cas; romonorna CRISPR-cneiicepoB; reHoM pacTUTENbHOro BMPYCa; aganTyBHbIA UMMYyHUTET; PHK-nHTep-
depeHuuA.

[Ona untuposaHusa: KoHctaHTrHoB 0.M., MeTpywuH U.C. O6Hapy:xeHune CRISPR-KacceT 1 reHoB cas B reHome
Arabidopsis thaliana. BaBUnoBCKWi XypHan reHeTUKn 1 cenekumu. 2019;23(7):809-816. DOI 10.18699/VJ19.554
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The state of the art in the evolution of plant viruses allows the genetic foundations of antiviral immunity in higher
(including the most important crops) plants to be categorized as one of the most pressing issues of genetics and
selection. According to the endosymbiotic theory, mitochondria descended from alphaproteobacteria that had
been absorbed but not degraded by the host cell. The discovery of CRISPR-Cas systems (clustered regularly inter-
spaced short palindromic repeats (CRISPR)-associated proteins), which implement the adaptive immunity func-
tion in prokaryotes, raises the question whether such a mechanism of antiviral protection could be caught up by
evolution and used by representatives of eukaryotes (in particular, plants). The purpose of this work was to analyze
the complete sequences of nuclear, mitochondrial, and chloroplast genomes of Arabidopsis thaliana in order to
search for genetic elements similar to those in CRISPR-Cas systems of bacteria and archaea. As a result, in silico
methods helped us to detect a locus of regularly intermittent short direct repeats in the mitochondrial genome
of A. thaliana ecotypes. The structure of this locus corresponds to the CRISPR locus of the prokaryotic adaptive
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antiviral immune system. The probable connection between the locus found in the mitochondrial genome of the
higher plant and the function of adaptive immunity is indicated by a similarity between the spacer sequences in
the CRISPR cassette found and the genome of Cauliflower mosaic virus affecting Arabidopsis plants. Sequences of
repeats and spacers of CRISPR cassettes in Arabidopsis C24 and Ler lines are perfectly identical. However, the loca-
tions of the CRISPR locus in the mitochondrial genomes of these lines differ significantly. The CRISPR cassette in the
Col-0 line was found to be completely broken as a result of four deletions and one insertion. Although cas genes
were not detected in the mitochondrial genome of the studied Arabidopsis ecotypes, their presence was detected
in the nuclear genome. Both cas genes and numerous CRISPR cassettes were found on all the five chromosomes
in the nuclear genome of the Col-0 ecotype. The results suggest the existence of a system of adaptive immunity in
plants, which is similar to the CRISPR immunity of bacteria and archaea.

Key words: Arabidopsis thaliana; ecotypes; mitochondrial genome; nuclear genome; CRISPR cassette; cas genes;
homology of CRISPR spacers; plant virus genome; adaptive immunity; RNA interference.
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BBepeHune

B Hacrosiiiee Bpemsi mpu3HaeTcst 0eCCIIOPHBIM, UTO OJHUM H3
BaXHEHIINX COOBITHI B BOSHUKHOBEHUH JyKapHUOTHUECKON
KJIETKH CTaJIO IPUOOPETECHNE apXEHHOTO MPONCXOKICHHS XO-
35IMHOM B KaueCTBE 9HI0CUMONOHTA alib(a-IpoTeo0aKkTepry,
JABIICH BIOCIEACTBUM Hadamo MuToxoHApUsaM (Archibald,
2015). B nocnenuue rojs MeToaMu (pritoreHOMHKH YIaJI0Ch
MOJIYYUTh MPUHLUIINAILHO HOBBIE JAaHHBIE, JEMOHCTPUPY-
IOIME BO3MOXKHOCTh HECKOJIBKHX 3BOJIIOLMOHHBIX CIIEHA-
pHEB BO3HMKHOBEHHSI 9yKaPHOTUYECKOM KIICTKH, BKIIFOYAIO-
IIUX «II03IHEE» WIIN «PaHHEEe» IPHOOPETCHNE MUTOXOHIPUN
kieTkoi-xo3ssuHoM (Poole, Gribaldo, 2014; Pittis, Gabaldon,
2016). B cBs13u ¢ 0OHapy»KEHHEM Y OTPOMHOTO YHCIIa BUJIOB
Oakrepuii u apxeit CRISPR-Cas cructeMbl alanTHBHOTO UM-
MYHHUTETa, OCHOBaHHOTO Ha sineanu PHK-uaTepdepernnn
(Jansen et al., 2002; Mojica et al., 2005; Makarova et al.,
2006; Barrangou et al., 2007; Lander, 2016), ecTeCTBEeHHBIM
00pa3oM BO3HHMKAET BOIPOC, BO3MOXKHO JIU CYIIECTBOBAHHUE
MO00OHON 3aIIUTHOM CHCTEMBI y 9yKaPHOTHYECKUX MHUTO-
XOHJIPUH — OpraHeIUl, UMEIOIINX OYEBUTHOE IBOJIOIIMOHHOE
POJZICTBO CO CBOMMH OAKTEPHAIILHOTO IPOMCXOXKICHNUS TTPE-
kamu. OcoOBIi MHTEpEC B 9TOM OTHOLICHUH TPEICTABISIOT
MUTOXOHAPHUHU BBICIIUX paCTeHI/If/'I, HUMCIOIUE T'CHOM 4YpEe3-
BbIYAIfHO OOJIBIIOTO pasMepa M0 CPaBHEHHIO C TEHOMaMH
JKUBOTHBIX U JIPONCKEH.

MuToX0HApUaIbHBINA FEHOM PACTEHUN OTIIMYAETCS, IOMU-
MO pa3MepOB, HEOOBIYHON JHHAMHYIHOCTEIO, TIPOSBIIIOIICHCS
B BH/IC BBICOKOH PEKOMOMHAIIMOHHOW aKTUBHOCTH, KOTOpast
00ycCIIOBICHA MOBTOPSAIONIUMUCS TOCIEI0BATEIBHOCTIMI
(Gualberto, Newton, 2017). Pe3ympratom 3T0# pexoMOnHa-
IIMOHHOW aKTHBHOCTH SIBJISIOTCS 00pazoBaHue Habopa cyore-
HOMHBIX ()OPM U BBICOKasi TeHOMHast BApHaOeIbHOCTb JJaKE B
npenenax ogHoro Buaa. [logoOHbIC H3MEHEHHS B TEHOMHOMN
CTPYKTYpE IPUBOJIST K OBICTPOI IBOIIOIMHA MUTOXOHIPHUAITb-
HOTO TeHOMa pacTeHuid. Kpome Toro, MUTOXOHAPHATBHBIN
TEHOM BBICHIMX PACTEHHMH aKTHBHO y4YacTBYET B IPOLECCAX
TOPU30HTAJILHOTO IIEPEHOCA T€HOB, IJIe MOXKET BBICTYIATh B
KaueCTBE Kak IOHOPa, Tak U akienropa reHos (Kleine et al.,
2009; Zhao et al., 2018).

E1me omHO# BakHON 0COOEHHOCTHIO MUTOXOHAPHAIBHOTO
T'€HOMa BbhICHINX paCTeHI/Iﬁ SABJIACTCA HAJIMYUEC B OpTraHeIUIax y
MHOTHX HCCIJIEIOBAaHHBIX B 5TOM OTHOILICHUH BUIOB PACTCHUH
BUIOCTIEU(PUIECKIX HAOOPOB JIMHEHHBIX U KOJIBIEBBIX I1J1a3-
MU, COCTaB KOTOPBIX B MPECACIax BUAa MOXKET CyIIICCTBEHHO
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pasnnyarhesl, HapuMmep, y GepTHIbHBIX U CTEPUIIBHBIX (POPM
(Esser et al., 1986; Thomas, 1986). IIpoucxoxaeHrEe MUTO-
XOH/IPHAJIbHBIX MIa3MHU/L JIO CHX ITOP OCTAETCSI HEM3BECTHBIM.
[TpenmomnaratoT, 4TO ABYLETOUEYHbIC MITa3MHU 1Bl MOTIH OBITH
BHECEHBI B KJICTKH BBICIINX PACTCHUH CHMOMOTHYIECKUM HITH
naroreHHbIM yTeM (Douce, Neuburger, 1989). B nmonnepxky
3TOW THUIOTE3bI CBUJICTENBCTBYET TOT (DAKT, YTO MUTOXOH]I-
pHaIbHBIC TMHEHHBIC TUTa3MHJIBI CBOUM 5'-KOHIIOM acCOLUH-
pOBaHbI ¢ OEJIKOM, YTO HAIIOMHHAET CTPYKTYpPY HEKOTOPBIX
BHPYCHBIX HYKJIeHHOBBIX KucioT (Douce, Neuburger, 1989).
Kpome Tor0, B 0MIB3y BEPOSTHOTO BUPYCHOTO IIPONCXOK/IE-
HUSL JTUHEWHBIX maasMua S1 U S2 MUTOXOHJIPHM KYKYPY3bl
CBUJICTENBCTBYET OOHAPYKEHUE B HUX TE€HOB, KOANPYIOLINX
OeJKH HyKJICHHOBOTO 0OMeHa BupycHoro tuna (Kuzmin, Lev-
chenko, 1987; Kuzmin et al., 1988). B nmociiennue roapl Ha-
OmnrofaeTcst 3HAYUTENBHBIM MPOTPecec B M3yYCHUH MHUTOBU-
pycoB — BupycoB ¢ npocreimnum PHK-renomom, xotopsie
creuuuyecku MHOUIMPYIOT MUTOXOHIpuH rprboB (Shahi
et al., 2019). OgHako mpu ATOM MOSIBIISIOTCS TaK)Ke JaHHBIC
B TOJIb3Y CYIIECTBOBAHMS PACTHTEIHLHBIX MHUTOBHUPYCOB, KO-
TOpBIE, KaK MPEAIOIaraloT, MOIVIM BOBHUKHYTb B pe3yJIbTare
TOPHU30HTAJIBHOTO MEPEHOCA COOTBETCTBYIOIIUX T€HOB OT
nHpuImpylomux pacrenus rpudos (Marienfeld et al., 1997;
Bruenn etal., 2015; Nibert et al., 2018). Takum oOpa3om, eciu
MIPOBOJIUTH aHATIOTUU MEXKy OAKTEPUSIMU U PACTUTEIBHBIMHU
MHUTOXOHAPHSIMH, Y TIOCJICHUX B XOJI€ ABOJIIOIMH, TIOJOOHO
MPOKapUOTaM, TAK)KE UMeJIach OCTpast NOTPEOHOCTH B 3aIUTE
OT HH(UIMPYIOMUX HYKJIEUHOBBIX KUCIOT BUPYCHOTO W/HITH
TUIA3MHTHOTO TIPOUCXOKICHHS.

Tem He MeHee BIUIOTH JI0 HEJIABHETO BPEMEHHU IAaHHBIX
0 CyIIECTBOBAaHMM MOAOOHOTO MEXaHHW3Ma 3aIIWUTHI OT Ia-
torenHoit JIHK y mpencraButeneil sykapvoT MOIY4YEHO HE
ObLI0, 32 UCKITIOYEHHEM €MHUYHOTO (hakTa OOHAPYKEHUS B
pabote (Mojica et al., 2000) Tunmmarnoro CRISPR-okyca Ha
MHTOXOHIPHAJIBHOH IITa3MH/IE BBICILIETO pacTenus Vicia faba.
JlanbHeiiero pa3BUTHs B HAIIPaBICHUU IIOUCKA T'€HOB cas B
MHUTOXOHJPHAIIBHOM, XJIOPOIUIACTHOM H SIIEPHOM T'€HOMAax
9TOTO PACTUTEIILHOTO BUA JaHHAas padoTa, OHAKO, HE TIOITy-
yria. CBeieHui 00 00HAPY)KEHHH FCHETUYECKUX 3JICMEHTOB
CRISPR-Cas nMmMyHHTETA B SICPHOM T'€HOME PACTEHHUHN paHee
Taxxke He 0110 momyveHo (Jansen et al., 2002).

C y4eToM 9BOJIIOLHOHHOTO POUCXOKICHHUSI MUTOXOHIPUI
1 0COOEHHOCTEH OpraHU3alii MUTOXOHAPHATBHOTO FEHOMA
pacTeHuii B HacTosIeH pabore MeTopamu in silico peanpu-
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HATaA IIOIIBITKA IMOMCKA I'CHCTUYCCKUX 3JICMCHTOB, CXOAHBIX
¢ anementamu CRISPR-Cas cucrem 6akrepuit u apxei, B
MHTOXOHPUAIBHOM, XJIOPOIUTACTHOM M SICPHOM I'€HOMaXx
MOJICIILHOTO pacteHust Arabidopsis thaliana. Tlpuaumas BO
BHUMaHHE BBICOKYIO TUHAMHYHOCTh MHUTOXOHIPHAIBHOTO
TeHOMa PACTCHUIl, MOJTHOICHOMHBIH aHAJIHM3 C LIEJTbIO TIOHCKA
AJIEMEHTOB, MPEIIOIOKUTEIBFHO CBA3aHHBIX C MPU3HAKOM
agantiuBHOro CRISPR-Cas mmmyHuUTETa, TPOBOAMIIN B MH-
TOXOH/IPHAJIBHOM T'€HOME TPEeX 3KOTHIOB A. thaliana (C24,
Ler u Col-0).

MaTtepwuanbl n metogbl

B kadecTBe 00beKTa UCCIIEIOBAHUS UCIIOIb30BAHbI TTOJHbBIE
MOCJEA0BATENbHOCTH siAepHOro TeHoma (axotun Col-0),
reHoma MutoxoHapui (3xotunsl C24, Ler, Col-0) u reroma
xyoporiactoB (3korunsl Ler, Col-0) MogenbHOTo pacTeHust
Arabidopsis thaliana (L.) Heynh. IlocienoBaTensHOCTH
JHK B3sTsI 13 6a3er GenBank (Homepa octymna sigepHOTO
resoma NC_003070, NC_003071, NC_003074, NC_003075,
NC 003076, mutoxounnpuanpHoro reHoma JF729200,
JF729202, NC_037304 u renoma xnoporutactoB KX551970,
NC_000932). M3HayansHO MOCIe0BaTeIbHOCTY aHAIU3HPO-
Bas ¢ momoisio mporpammsl UGENE (Okonechnikov et al.,
2012), ona >ke MPUMEHSUIACH TSI TIOCTPOSHHS HIUTIOCTPaLUi
(coBMecTHO ¢ makeToM BekTopHOii rpaduku Inkscape).

[Touck snementoB CRISPR-Cas cucrtem B reHOMax ocCy-
mectBisuics B onnaitH-cepsuce CRISPROne (Zhang, Ye,
2017). dyis ompeneneHus: MPOUCXOKIACHUS 00HAPYKCHHBIX
CRISPR-crneticepos BrimonHeH mouck 1mo 6aze NCBI BLAST
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) mo BUpycHBIM Tak-
COHAM C MapaMeTpaMu 0 yMoj4yaHuio. B nanpHeliniem
ObUTM OTOOpaHBI CIIy4aW COBHAAEHUS C YHCIOM OTIMYUH
(mismatches) MeHee Tpex HYKJICOTH/IOB.

BripaBauBanue nocnegoarenabHocTed CRISPR-nokyca B
COCTaBE MUTOXOHIPHAIIEHOTO TeHOMa SKOTHIIOB A. thaliana
npoBoIIock mporpammamu Matcher (mapuoe) (Rice et al.,
2000) u MUSCLE (muoxectrennoe) (Edgar, 2004). Ananus
romonoru CRISPR-crieficepoB ¢ reHOMaMu BUIOCTICITH(DHAI-
HBIX BHPYCOB OCYIIECTBIISUICS Kak B padore (Mihara et al.,
2016), cormacuo Virus-Host DB (https://www.genome.jp/
virushostdb/3702).

Pe3ynbTaTbl n 06CyxaeHne

K Hacrosimemy BpeMeHN yOeANTENHHO MPOIEMOHCTPHUPOBA-
HO, uTo KpuTHueckumu snementamMu CRISPR-Cas cucrem
y Oakrepuii u apxeit sBisitoTcst B oomiem ciaydae CRISPR-
JIOKyC, JIWAEepHast MOCIEeI0BAaTeILHOCTE (an upstream leader
sequence) ureHsl cas (Jansen et al., 2002; Richter et al., 2012).
OCHOBBIBAsICh Ha M3BECTHOM JBOJIFOLIMOHHOM POJICTBE MUTO-
XOHJPHUH M OaKTepuii, Mbl OCYIIECTBHIIM MOUCK JIEMEHTOB
CRISPR-Cas cucteMbl B MUTOXOHAPHAIEHOM T€HOME TPEX
9KOTHIIOB A. thaliana ¢ NCTIONb30BaHUEM TIOJIXOJIOB I METO/IOB
6ronH(OPMAaTHKH, IIIMPOKO MPUMEHSIEMBIX B IIOCICAHUE TOBI
npu u3ydenun CRISPR-Cas cucrem npokapuor (Jansen et al.,
2002; Makarova et al., 2006, 2015; Grissa et al., 2007; Zhang,
Ye, 2017; Couvin et al., 2018).

KoHTeKCTHBIHM aHaIM3 MOIHOH ITOCIIEI0BATEIbHOCTH MUTO-
XOHJIPHAIBHOTO TeHOoMa A. thaliana Takux SKOTHUIIOB, Kak
C24 u Ler, mo3Bonuit 00HapYKUTh CAlT, CTPYKTypa KOTOPOTO
MOJHOCTBIO cOoOTBeTcTBYeT opranusanuun CRISPR-kaccer

AKTYANbHbIE TEXHONOT UMW FEHETUKN PACTEHUIA / MAINSTREAM TECHNOLOGIES IN PLANT GENETICS

2019
23.7

O6Hapy»eHune CRISPR-kacceT 1 reHoB cas
B reHome Arabidopsis thaliana

MPOKAPUOTUYECKOTO MPOUCXOKIeH . OCOOEHHOCTH HYKJIEO-
tuaHO# opranmzamu CRISPR-mogo6HOTO 7M0KYCa B MHTO-
XOHJPUAILHOM TeHOME JJAaHHBIX KOTHITOB TIPEICTABICHBI Ha
puc. 1, a. Kak BUJIHO U3 IIpeACTaBICHHBIX JaHHBIX, OOHAPY-
JKEHHasi B MUTOXOH/IPUAJIbHOM T€HOME PaCTUTEIBHOTO IPO-
ncxoxenust CRISPR-kaccera oOpa3zoBana TpeMst COBEpIICH-
HBIMHU IPSMBIMU OBTOPaMU ATUHOM 20 1. H., pa3AeIeHHbIMU
JBYMs CIIEHCEPHBIMH TOCIIEIOBATEIbHOCTSIMU JITHHON 42 1
33 m.H. COOTBETCTBEHHO. B TO ke BpeMs MOJTHOr€HOMHBIH
ananu3 mutoxoHapuansHoi JIHK sxoruna Col-0 moxasain,
gT0 cTpykTypa CRISPR-KacceTs! B 3TOM cirydae MoTHOCTHIO
HapyIlIeHa B pe3y/bTaTe YeThIpex AeIeUi 1 OHON HHCEPIUH
B 00J1acTH TOBTOPOB (cM. puc. 1, 6).

[TpumedaTenbHBIM, Ha HAll B3I, PE3yNbTaTOM IIPOBE-
JICHHOT'0 aHaJIN3a SKOTHIT-CHEIUPUIESCKUX 0COOCHHOCTEH Xa-
paxrepuctuk MutoxoHapranbHoi CRISPR-kacceTsl siBsieTcst
TOT (haKT, YTO MPH TTOJTHOM COBIAZECHHUH MOCIIEIOBATEILHOCTH
MOBTOPOB 1 crelicepoB sokanu3anust CRISPR-kaccers! (1 ee
HapyLIIEHHOTO BAPHAHTA) B MUTOXOHIPUATbHOM F€HOME JIH-
Huil apabunoncuca C24, Ler u Col-0 cymecTBeHHO pa3iu-
yaercst (puc. 2). Takue nzmenenns nokamzaun CRISPR-
KacceTsl B MuToxoHApuansHoi JIHK m3ydaeMbix skoTHIIOB
apabuporcuca SBISIOTCS, [0 BCEH BEPOSITHOCTH, PE3yIbTa-
TOM MHTEHCHBHBIX IEPECTPOCK MUTOXOHIPHAIEHOTO TEHOMA,
00y CJIOBJIEHHBIX BHICOKOH PEKOMOMHAILIIOHHOM aKTHBHOCTBIO,
YTO XapaKTepPHO Ul MUTOXOHIPUAILHOTO T€HOMA BBICIINX
pacrennii (Gualberto, Newton, 2017).

CrienianbHbIN OMCK MO3BOJIMI YCTAHOBUTH HAIMYHE MHO-
rouncneHabix CRISPR-kacceT B ssmepHOM reHome A. thaliana
(puc. 3). X pa3mepsl 1 pacriooyKeHHe Ha XpOMOCOMax Mmpei-
CTaBJIeHbI B 311eKTpoHHOM [Ipuioxennu’ . Ob1ee unco creii-
cepos, comepxkammuxcs B 110 saepusix CRISPR-kaccerax,
cocrasisier 330. [TonpoOHbIi aHaIN3 TOMOJIOTHH CIIEHCEpOB
sanepHbelx CRISPR-kacceT ¢ reHomMmamMu pacTUTEIbHBIX BUPY-
COB HAMH HE ITPOBOIUIICSL.

Pesynbrarhl aHann3a criedcepHbBIX MOCIE0BaTEILHOCTEH
B CRISPR-kaccere, JI0KaIM30BaHHON B MUTOXOHIPHAILHON
JIHK apaGuporcunca ¢ HCIIoIp30BaHHEeM 0a3bl JaHHBIX pac-
TUTEJIBHBIX BUPYCOB, CYMMHUPOBAaHBI B Ta01. 1. YcTaHoBIIEHO,
4TO0 OOHApY)KEHHbIE CIeCepbl UMEIOT y4acTKU Hecly4ai-
HOHM TOMOJIOTHH C TEHOMOM TPEX MITaMMOB BHPYCa MO3aUKH
I[BETHOM KaITyCTbI, KOTOPBIIl CIIOCOOEH MOopaXkaTh PacTCHUS
A. thaliana. JIOONHUTEIHLHO MOKHO OTMETHThH, UYTO JIJIS OT-
JIETTBHBIX CIIEHCEepOB ObUTH BBISBICHBI YY9aCTKH TOMOJOTUH
C HECOBNIAIOIMMH yJacTKaMi T€HOMa Pa3HbIX IITaMMOB
3TOTO BHpYyca (AaHHBIE HE MPUBOIATCS).

[Tonck B MUTOXOHIpHUATHHOM TeHOMe 3koTumoB C24, Ler
u Col-0 A. thaliana reHOB cas HH Ha MOCIEA0BATEILHOCTSX,
HernocpencTBeHHO npuieratomux kK CRISPR-nokycy, Hu B
OCTaJIbHBIX 00JIACTAX FEHOMA HE /1aJ1 TTOJIOKUTEIIbHBIX PE3YIlb-
TaroB. B To jke BpeMs IT0CIIe10BaTEeIbHOCTH OT/ICTBHBIX TEHOB
cas ObUT OOHAPY)KEHBI HAMU B SIJICPHOM TeHOMe (Tal. 2).

[IpoBenennslit in silico MOMCK TO3BOIIII JIOKAJIN30BaTh
Ha TpeX Xpomocomax apabumorcuca (XxpoMocomsl 1, 2 u 3)
reH casj, BXOASUIMNA, B COOTBETCTBUM C CYUIECTBYIOIIEH
knaccupukanueir CRISPR-Cas cuctem (Makarova et al.,
2015; Koonin et al., 2017), B cocTtaB addpexkropHOro Momysst
CRISPR-Cas cucrem I Tuna. Ha xpomocome 3 momuMo resa

1 Mpunoxexne cm. no agpecy:
http://www.bionet.nsc.ru/vogis/download/pict-2019-23/appx18.pdf
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a C24 86224 AACTCGACTGAAAGGAGAGGTTGTGAACACAAACTCGACTGAAAGGAGAG 86273
CELTETEELEEEE T e e e e e
Ler 163198 AACTCGACTGAAAGGAGAGGTTGTGAACACAAACTCGACTGAAAGGAGAG 163247
C24 86274 GTTGTGAACACAAACTCGACTGAAAGGAGAGGTCCAAGGTAATTTATTAC 86323
FEEEEEEEEEr e e et e e e e e e e e
Ler 163248 GTTGTGAACACAAACTCGACTGAAAGGAGAGGTCCAAGGTAATTTATTAC 163297
. S T T oo
Ler 163298 TCTTATAAAAGAGGGAACTCGACTGAAAGGAGAGG 163332
6 C24 AACTCGACTGAAAGGAGAGGTTGTGAACACAAACTCGACTGAAAGGAGAGGTTGTGAACA
Ler AACTCGACTGAAAGGAGAGGTTGTGAACACAAACTCGACTGAAAGGAGAGGTTGTGAACA
Col-0 -ACTC---------- AGAGATCAGGA- - - -AAACTTGATAGAAAG- - - - - - - CCCTAGCT
KKKk KKKk K *k skokokok Kk KRRk K * %
C24 CAAACTCGACTGAA- - - - - - e e - - AGGAGAGGTCCAAGGTAATTTATTACTC
Ler CAAACTCGACTGAA----------mm - - AGGAGAGGTCCAAGGTAATTTATTACTC
Col-0 CTAACTTGATAGAATGCCCCAGCAATGGCCATCGGAGAGGTCCAACGTAATTTATTACTC
* okkokk Kk kokok KKK KKK KK ROk oK KoK oK K K KK
C24 TTATAAAAGAGGGAACTCGACTGAAAGGAGAGG
Ler TTATAAAAGAGGGAACTCGACTGAAAGGAGAGG
Col-0 TTATAAAAGAGGGAACTCGACTGAAAGGAGAGG

Sk >k >k K ok >k >k ok >k ok ok >k ok ok ok ok ok ok ok ok ok >k >k ok >k ok ok ok skook ok kok

Puc. 1. NapHoe BbipaBHuBaHue (a) CRISPR-nokyca skotnos C24 u Ler (NoBTOpbI BblAENEHbI KNPHbIM LIPUGTOM) 1 MHOXECTBEH-
Hoe BblpaBHUBaHue (6) nocnepoBaTenbHocTe CRISPR-noKyca B MUTOXOHAPUaNbHOM reHome 3KoTunoB A. thaliana.

C24

[ nad2 ] { rps4 ] I

80000 81k 82k 83k 84k 85k 86k 87k 88k 8ok 90k 91k 92k 93k 94k 95k 96k 97k

Ler {_ nad2 | rpsd ] I

155000 156k 157k 158k 150k 160k 161k 162k 163k 164k 165k 166k 167k 168k 169k 170k 171k 172k

Col-0 trnS <:| atp9 |:| trnD

260000 261k 262k 263k 264k 265k 266k 267k 268k 269k 270k 271k 272k 273k 274k 275k 276k 277k
— tRNA-Tyr — tRNA-Asn

24 tRNA-Ser tRNA-Pro tRNATyr tRNA-Ser

ok 9ok 100k 101k 102k 103k 104k 105k 1ok 107k 108k 109k 110k 111k 112k 113k 114k 115000

— tRNA-Glu

Ler tRNA—SerD »tRNA-Glu

173k 174k 175k 176k 177k 178 179 180k 181k 182k 183k 184k 185k 186k 187k 188k 189k 190000

Col-0 thD nad3|:}:>rps4 ccmFN2|:> tmnQ

278k 279k 280k 281k 282k 283k 284k 285k 286k 287k 288k 289k 200k 291k 292k 293k 294k 295000

Puc. 2. Jlokanuzauumsa CRISPR-KacceTbl B MUTOXOHAPUAIbHOM reHoMe 3KoTunoB A. thaliana.

Ona nuHunin C24 n Ler nonoxerune CRISPR-KacceTbl mokasaHo B BUAe YepHoro npsamoyronbHuka. Ana nuHun Col-0 nonoxeHne HapyweHHoi CRISPR-kacceTbl
B MUTOXOHAPUaNbHOM reHome 0603HauYeHO B BU/E HE3aMOSIHEHHOTO NMPAMOYTONbHIKA.

cas5 MOKAaM30BaH TeH csmb, KOOUPYIOUIHA acCOIMUPOBaH-
Hyto ¢ CRISPR-Cas cucremoii I1I-A tuna PHKa3y, xoropas
y HPOKApHOT y4acTBYET B peasu3alliy MPOTHBO(AroBOro
NMMYHHUTETa ITyTeM JeTpajaiuy (paroBbIX TPAHCKPHUIITOB
(Jiang et al., 2016). B cocTaBe XxpoMocoMbI 4 ObIIT 0OHApPYKEH
TeH ¢sa, OSIKOBBIH MPOIYKT KOTOPOTO SIBJISICTCS] yHUBEPCAIb-
HbIM KoMItoHeHTOM CRISPR-Cas cucrem I-A Tuma (Daume
etal.,2014). JlannoMy GeNKy IPHUITHCHIBAIOT POJIb B CTAOMIIHN-

812

3anuu R-meTy B Xoze mpoTekaHus cTaiu HHTephepeHInu
(Daume et al., 2014). Hakonern, B cocTaBe XpOMOCOMBI 5 J10-
KaJIM30BaHO TPH Y4acTKa Pa3HOM JUIMHBI, COOTBETCTBYIOLIUX
reny DEDDh, koTopslii paHee ObUT aHHOTHPOBAH B SIIEPHOM
reHoMe apaOu/I0TICHCa U SIBISETCS TPEACTABUTEIIEM TEHHOTO
cemeiicTBa 3'—5' 9K30HYKII€a3, YUaCTBYIOIIHMX B METa0O0IH3ME
Manbix Hekoaupytomux PHK (Chen et al., 2018). Otnecenne
DEDDh x reHaM cas MOXET 03HauaTh, 4TO eTo OSITKOBBIH MPo-
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JYKT in Vivo BBIMOJHICT HECKOJIBKO (DYHKIIMI, B TOM YHCIIC
(DYHKIMIO, CBA3aHHYIO C 3aIIUTON PACTEHUS OT HyKJICHHOBBIX
KHCIIOT BUPYCOB 1 TIIa3MU/I.

VYrnanoce ycTaHOBUTS, uTO accounupoBaHHele ¢ CRISPR-
Cas cucremamu trma | u 11l rersr oOpaTHON TpaHCKpUIITA-
361 (RT) mpezcTaBieHsl Ha BCeX ISITH XPOMOCOMax apaodu-
JIOTICHCA 3HAUUTEIIbHBIM YHCIIOM KOoMui (Bcero 43 rena) (cm.
Tabm. 2). OTuM pepMeHTaM MPUITUCHIBACTCS 0C000 Ba)KHAS
poib B ¢pyukimonupoBannn CRISPR-Cas cuctem Tuma 111,
KOTOPasi COCTOUT BO BKJIIOUEHHH B YK€ CYILICCTBYIOIIYIO
CRISPR-kacceTy HOBBIX cIieiicepoB Kak ¢ HEITOCPEICTBEH-
HbeIM yuyactueM RT, Tak u ¢ yuactuem npoayxra caustaus RT
¢ 6enkom Cas-1 (RT-Casl fusion protein) (Silas et al., 2016;
Toro et al., 2017).

Taknm 00pa3om, MPOBEICHHBIH HAMH MOUCK HIIEMEHTOB
CRISPR-Cas cucteM B MUTOXOHIPUAIBHOM M SACPHOM
TeHOMax A. thaliana MO3BOIHII BIEPBBIC BHIIBUTH B TCHOME
9TOTO PACTEHUS] OCHOBHBIC TCHETHUECKHUE JIICMEHTHI aJiar-
TUBHOTO UIMMYHHTETA MPOKAPUOTUYECKOTO THIA, BKITIOYAI0-
mme CRISPR-1oKyCHI 11 TeHBI cas. 3a HCKITIOYCHHEM OTHOMN
CRISPR-kacceTsl B MUTOXOHPUAIBHOM F€HOME, OCTaJIbHBIE
CTPYKTYpPHBIE IEMEHTHI CHCTEMBI JIOKATU30BaHbI B S/ICPHOM
reHoMe. B 11e10M 1moka HENOJIHBIM CIIMCOK HAWAEHHBIX B
reHome A. thaliana acconmupoBanubix ¢ CRISPR-Cas nmMmy-
HUTETOM NPOKAPHOTUYECKOTO TUIIA TeHOB (casJ, csmob, csal,
¢d06127, RT) mo3BonseT B COOTBETCTBHH C KIaccu(puKarmen
(Makarova et al., 2015; Koonin et al., 2017) npegBapuTeTsHO
OTHECTH OOHApPYXEHHYIO B JIAHHOM MOJEJILHOM PacTeHUH
CHCTEMY K CHCTEMaM Kijacca |1, MMEIoImnuM MHOTrocyObean-
HUYHBIA 2P HEeKTOpHBII MOTYIb.

B xone uccnenoBanus HaM HE yAaJIOCh, OJHAKO, BEIIBUTH
HHU B MUTOXOHJIPUAJILHOM, HU B SIAEPHOM reHoMme 4. thaliana
CTPYKTYPBI, COOTBETCTBYIOIIEH XapaKTepUCTHKAM JINAECPHBIX
nocieaoBarelbHOCTel npokaproTnieckoro tuma (Alkhnba-
shi et al., 2016). ITonpiTka moucka amemenToB CRISPR-Cas
CHCTEM B XJIOpOIUIacCTHOM reHome sxotunos Ler u Col-0
A. thaliana Taxxe He Jajna NOJOKHUTEIBHBIX PE3YJIBTATOB.

B nameit paboTe BIepBbIC IS MPEICTABUTEICH BBICIIINX
9YKapuOT YCTaHOBJICHO HAINYNE TAKUX KAHOHUUECKHX dJIe-
MeHTOB CRISPR-Cas cuctem npokapruoTU4eCcKOro MpouCcXoK-
nerns, kak CRISPR-10Kych 11 TeHBI cas B TeHOME MOJIEIb-

O6Hapy»xeHue CRISPR-KkacceT 1 reHoB cas 2019
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Puc. 3. KonnuectBeHHoe pacnpepenerne CRISPR-kacceT no otaenbHbIM
XpOMOCOMaMm AafepHoro reHoma A. thaliana.

HOTO pacteHus 4. thaliana. Tlpy ’TOM B MUTOXOHIPHUATEHOM
TeHOME apabuIoIIchca yaaaoCch OOHAPYKUTh JIHIIh SAHHAY-
Hyto CRISPR-kaccety, cnelicepHble Mocaea0BaTeIbHOCTH
KOTOPOH MPOSBISIOT HECIyYaliHyI0 TOMOJIOTHIO ¢ TEHOMOM
BHpyCa MO3aWKH IBETHOH KamycThl (cM. Tabn. 1). Baxno
MOTYEPKHYTh, YTO JAHHBIH BUPYC CIIOCOOEH MH(PHUINPOBATH
pacTeHus uccieayeMoro Bua. st i3yueHHBIX IHHUHN apaOu-
JIOTICHCA XapAKTEPHBI CYIIECTBEHHBIC PA3IMYMS B TCHOMHOMN
nokanuzanun CRISPR-nokyca skotunos C24 u Ler. B ciyuae
skotuna Col-0 crpykrypa CRISPR-kacceTsl moigHOCTBIO Ha-
pYILIEHA B PE3yNbTaTe YeThIPeX ACIELHH U OHON HHCEPINHU B
o0nacTé npsIMBIX TTOBTOPOB (cM. puc. 1, 6). Takoii pesynbrar
CBUJICTENBCTBYET 00 aKTUBHO UIYIIMX Y BBICIINX PACTCHUN
Iporeccax peopraHu3aliil MUTOXOHIPHAIBHOTO T€HOMa,
MPOSIBIIIOIINXCA B BBICOKOM CKOPOCTU BO3HUKHOBEHHS MEXK-
JUHEHHBIX pa3Nnu4uil Ha ypoBHE MUTOXOHApHansHOH JJHK.
Bosmoxnoe cymectBoBanne CRISPR-Cas nMmyHuTeTa Y
pacTeHuil ¢ SBOIIOLUOHHON TOYKU 3PEHUS MPEICTABISAETCA
BIIOJIHE OTPaBIaHHBIM, TOCKONBKY Takue JIHK-conepxkamiue
OpTaHEeIIbl PACTEHHH, KaK MUTOXOHIPUHU M XJIOPOIUIACTHI, C
0YEBHIHOCTBIO TIPEJICTABIISIOT COOOM ITpUBIIEKaTEIIbHBIE MU~
IICHH JJIs aTaK CO CTOPOHBI BUPYCOB U IJIA3MHU/JT UyKEPOIHO-
T0 IpoucxokaeHust. OCOOEHHO ysS3BUMBI B 3TOM OTHOILICHUHT

Ta6nuua 1. BoipaBHMBaHUE 06HAPYKEHHbIX B MUTOXOHAPUanbHOM reHome A. thaliana CRISPR-cneicepos

C reHoOMOM BMpyca MO3aunkn LiBETHOM KanycTbl

BbipaBHuBaHMe™

TCCAAGGTAATTTATTACTCTTATAAAAGAGGG

RN N R R R
7512 AAGGGAAATTAGGGTTCTTATA 7533

Cnericep 1

KJ716236

Cneticep 1
(I N B e O B A R AR

M10376 3301

Cnericep 2
el rat i1l

AB863182 1782 ATAAACTCGA-TCAAAGAAG 1800

* Linppamn o603HaueHa nokanmsauma yyactka roMmonorum B reHome Brpyca.
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TCCAAGGTAATTTATTACTCTTATAAAAGAGGG

TTGTGAACACAAACTCGACTGAAAGGAGAGGTTGTGAACACA

TACAAGAAAAAATATAAGGCTTATAAA 3327

W3onat NneHtndrkatop goctyna
B NCBI GenBank

Cabb B-JI KJ716236

D/H M10376

TUR239 AB863182

813



Yu.M. Konstantinov
1.S. Petrushin

Tabnuua 2. XapakTepucTnka obHapy»KeHHbIX B aiepHOM reHome A. thaliana reHos cas

Detection of CRISPR cassettes and cas genes
in the Arabidopsis thaliana genome

Xpomocoma

leH

Tun CRISPR-Cas
cncTembl

Hauyano-KoHel
OoPC*

9481429-9481962
9482093-9482377
9482399-9482647

11916164-11916466
11916554-11917162

10826-12517

17624-20293

23971-25653

30408-31532

3223463-3224872
3224999-3225685
3228729-3230522
5235099-5235800
5241327-5241869
5241873-5242298
5600424-5602496
5602506-5603024
5619463-5619846
5619956-5620156

9435745-9436644

9436766-9437260

9444515-9444907

9445029-9445523

10341391-10343106
10343111-10343806
12021817-12022311
13167127-13168218
13174969-13175118
13175226-13175606
13467703-13469727
13469756-13470868
13476637-13477317
15489669-15490154
15490132-15490506
15493988-15496318

3296005-3296457
3303483-3304247
3304260-3305717
3744233-3746887
3749914-3752901
3754635-3756176
5071003-5071551
5081577-5082176

14576286-14579228
14582070-14582471
14582509-14584656

MpeHTndnKaums reHa cas B COOTBETCTBUN
¢ knaccudmkaumein (Makarova et al., 2015;
Koonin et al., 2017)

pfam00078

*OPC - OTKpbITasa paMKka CYNTbIBaAHUA.

MUTOXOHJIPUU PACTCHHUH, €CIM MPHUHSATH BO BHUMAHHUE CY-
[IECTBOBAHNUE MUTOBHPYCOB, MOPAXKAIOIIUX ITOT THUII Opra-
nest (Marienfeld et al., 1997; Bruenn et al., 2015; Nibert et
al., 2018), u mpUPOIHYI0 KOMIIETEHTHOCTh PACTUTEIBLHBIX
mutoxouapuit k nornomenuto JJTHK (Koulintchenko et al.,

2003). B menmoM, MCXOsl W3 MMEIOIIEHCsT Ha CETOMHSIITHUN
JICHb WH(POPMAIUH, MPEACTABIICTCS MPEKICBPEMEHHBIM
CTPOUTH KaKUE-TTHOO0 IT'MIIOTE3bI O BO3MOKHOM 3BOJTFOI[OHHOM
npoucxoxaeHnn memMenToB CRISPR-Cas cuctemsr B reHOMe
apabumoricuca. MOXKHO JIHIITL 3aMETUTH clienyromiee. Celiyac
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HaKOIUIEHO YX€ JIOCTaTOYHO MHOTO JKCHEPUMEHTAIbHBIX
(hakTOB [UIS PEKOHCTPYKINHU CLEHAPHUEB IPOUCXOKICHUS U
sBomonuu CRISPR-Cas cucrem npokapuot (Koonin, Makaro-
va, 2019). OTH jxe naHHbIE, B CBOIO OUEPEb, MOT'YT OKa3aThCs
MoJIe3HBIMH, ecii ipobnemy nponcxoxaeHust CRISPR-Cas
CHCTEM Yy pacTEeHHH IOIbITaThCS PACCMOTPETh C MO3HMIUI
sykapuorenesza (Koonin, 2015; Lopez-Garia et al., 2017).
B 3ToM ciyuae HEOOXOAMMO NMPHUHATH BO BHUMaHHE, YTO
MOoI00HYI0 CHCTEMY 3aIllUTHI OT MATOr€HHBIX HYKJICHHOBBIX
KHCJIOT MOT' UMETh Kak ajib(da-rnporeodaKTepualbHbIi CUM-
OMOHT, NaBIIUH HA4YaI0 MUTOXOHAPHAM, TaK U, BO3MOXKHO,
apXCHHBII XO35IMH TPOTOMHUTOXOHIPHAIBHOTO YHJ0CHMONOH-
Ta. B npuHnune, HaJauuus mog0OHON 3allMTHON CUCTEMBI B
9BOJIOIIMOHHOM IUIaHE HEJb351 COBEPUIEHHO HCKIIOUHUTH U
JUIS| IMaHOOAKTEPHATBHOTO MPE/IIIECTBCHHUKA COBPEMEHHBIX
XJIOPOILJIACTOB.

Ha nactostmenm stame mzydenuss CRISPR-Cas cucrtem y
apabuorncuca HaM He YaJIoCh HJICHTU(QHUIIMPOBATH U3BECT-
HBII JUIsl TIPOKApUOT HAOOp TeHOB €as, POAYKTHI KOTOPBIX
(hopMHUPYIOT MOy s amganTanud U 3(P(HEKTOPHBIA MOAYIH
CRISPR-Cas cucreMsl kitacca 1 U 00eCrIeUNBAIOT, TAKUM
o0pa3oM, NpOTeKaHHWEe CTAJAMN aJanTalnu, YKCIPECCUH U
natepdepenmmu (Koonin et al., 2017). YuursiBas cBeneHus
0 OOJBIIOM pa3HO0OPa3NN HANACHHBIX Y OAKTEpUH 1 apXeit
CRISPR-Cas cuctem (Westra et al., 2016; Koonin et al.,
2017; Koonin, Makarova, 2019), ecTeCTBEHHO 0XXHJIaTh, YTO
MEXaHU3M aJIalITHBHOTO NMMYHHTETa y PACTEHHH MOXET Cy-
LIECTBEHHO OTIINYAThCS OT TAKOBOI'O Y IIPOKApUOT. B cBsizu ¢
3THM, OYEBHIIHO, YTO TOJIBKO HCIIOIB30BAaHNE KOMIUIEKCHOTO
M0JIX0/12, BKJIIOYAIOIIET0 HAPSAY C METOAAMH T€HOMHUKH
METOAbI TPAHCKPUIITOMUKHU U TPOTCOMUKH, ITIO3BOJIUT B JaJIb-
HEWIIeM COCTaBUTh OOJIee MOIHOE MPEACTABICHNE O TeHAX U
1X OCIIKOBBIX ITPOIYKTaxX, 00pasyroIrX CUCTEMY aallTHBHOTO
MMMYHUTETA PACTCHU.

3aknioyeHmne

B renome Beicuiero pacrenus 4. thaliana meronamu in silico
BITepBEIe 00HapykeHbI Takue dneMeHTsl CRISPR-Cas cucte-
MBI TpokapuoT, kak CRISPR-kacceTs! 1 reHBI cas, 4TO MOXKET
CIIy’KUATb OTIIPABHOM TOUYKOM 11 IPOBEICHUS B JaJlbHENHIIEM
JIETaIbHBIX T€HOMHBIX, TPAHCKPUIITOMHBIX U MPOTEOMHBIX
MCCIIe/IOBAaHUH C MCIONB30BaHUEM Hapsity ¢ apaOuaorcu-
coM Oosiee MIMPOKOTo HabOpa BUOB pacTEHHUH (B TOM YHUCIIe
Ba)KHEHIIINX CENbCKOX035HCTBEHHBIX ) C IIEBIO OTIPECTICHUS
TPYTI T€HOB, KCIIPECCHS KOTOPBIX MOXKET OBITH acCOLH-
UpoBaHa ¢ paboTOW MPUPOJHOIO MEXaHH3Ma aJAlTHBHOTO
UMMyHHTETa pacTeHuil. [IpuknasHoe 3HaUCHNE 0XKHIAEMBIX
Hay9IHBIX PE3YJIBTATOB I10 TPOOIIeMEe MOJICKYIISIPHOM ITPUPOIBI
aJaNTUBHOTO HMMYHHUTETA PACTEHUIN TPYIHO MEPEOLIEHUTD.
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I'eHOMHAast KOHCTUTYLMS U auddepeHInanmsi cyoreHoMmoB
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B Poccun pacnpoctpaHeHbl 53 Baa MHOTroneTHUX Tpas poga Elymus L. (Poaceae) npenonoxumTenbHO TPex rarmioMHbIX
KombuHauuia: StH, StY n StHY. HanmeHee n3yyeHHbiMy ocTatoTcsa 6opeanbHble StH-reHoMHble BUABI — SHAEMUKN PO. PaHee
R. Mason-Gamer c coaBTopamu B cepvin NCCefoBaHNii OblNo MoKa3aHo, YTo MONEKYNAPHO-GUIOreHeTUYECKINIA aHanms3 no-
cnepoBaTeNbHOCTEN HU3KOKONUNHOTO reHa waxy (GBSST) cywecTBeHHO AONOHAET LMTOreHeTUYeCKmne faHHble Mo reHoM-
HOW KOHCTUTYLIMW 11 SBOMTIOLIMOHHBIM B3aUMOOTHOLLEHUAM KaK CPeAN ceBepoamMepUKaHCKIX, Tak 1 Cpean asnaTckmx BULOB
poga Elymus. Mbl nccnegoBanu reH GBSSTy 18 Bugos Elymus n3 Cubrpu n JanbHero Boctoka Poccum (BKntoyasa 14 sH-
[OEMUYHBIX), UTOObI ONPefesiuTb NX FeHOMHYI KOHCTATYLIMIO U OLEHWUTb YPOBHM dunoreHetnyeckon anddepeHuymaymm:
E. charkeviczii, E. jacutensis, E. kamczadalorum, E. komarovii, E. kronokentsis, E. lenensis, E. macrourus, E. margaritae, E. subfibro-
sus, E. sajanentsis, E. transbaicalensis, E. peschkovae, E. uralensis, E. viridiglumis. MpoaykTbl MLUP-amnnndukaummn ¢parmeHToB
reHa GBSS1 (o6nacTb 3K30HOB 9-14) 6blIN KNOHMPOBaHbI Y CEKBEHMPOBaHbI (M0 6-8 KIOHOB Ha obpa3seL). Bce n3yyeHHble
BUJbl BKIOYaNM CybreHoMHble Bapuaumn St n H. Hanbonee cyliecTBeHHble pa3nmumns mexay CyoreHoMHbIMU GpparmeHTa-
MU St 1 H o6Hapy»KeHbl B UHTPOHe 13. 3TOT MHTPOH B cybreHome H copepnt feneunto B 21 n. H. BO BCex reHoTunax Elymus,
BEPOATHO, YHac/leloBaHHyI0 OT obLero npeaka reHomos H v P. BmecTo 3Toit Aeneumn Bce cybreHombl St UMeIOT OTHOCU-
TeSIbHO KOHCEPBATVBHYIO MOC/IEA0BATENIbHOCTb, 6NIM3KYI0 NO HYKIEOTUAHOMY COCTaBY K TakoBOW y pofa Pseudoroegneria,
npefoK KOTOPOro ABNAETCA AOHOPOM COBPeMeHHOro cybreHoma St Bcex BuaoB Elymus. KnactepHbin ¢unoreHeTuyeckni
aHanus BbiABUN AnddepeHLmaLmio NoCneaoBaTeNIbHOCTEN KaxXaoro 13 cybreHomoB St 1 H Ha iBa 3BOMOLMOHHbBIX BapuaH-
Ta — YCNI0BHO St; 1 St,, H; 1 H,. YcTaHoBneHo, UTo BapraHTbl CybreHomoB St 1 H roMoreHHbl € pa3nnyHbIMU COBPEMEHHbBIMM
BMAAMU NpefKoBbIX pofoB Pseudoroegneria u Hordeum: St, - P. strigosa, St, - P. spicata, H, — H. jubatum, H, — H. californicum.
BbisiBNEeHbl 0CO6EHHOCTY B3aVIMOOTHOLLEHWI MEXAY POCCUNCKUMU 1 CeBEPOAMEPUKAHCKUMUN BUAAMI POAA, a TakKe PAA
MUKPO3BOSIOLIMOHHbIX CBA3E B Fpynne SHAEMUYHbIX 6opeanbHbix BuaoB Cnbupwn n JanbHero Boctoka. MonyuyeHHble Ho-
Bble JaHHble HeOOXOAVMBI A NOCTPOEHNA GUIOreHeTNYECKM OPUEHTUPOBAHHOM TAKCOHOMMYECKOW cucTeMbl poaa Elymus.
KnioueBble cnoBa: Elymus; dbunoreHuns; annononmnnonapl; reHoOMHasa KOHCTUTYLmA; GBSST.

Ana uyutuposaHus: ArapoHoB A.B., Acbaratos C.B., LLlabaHoBa (Ko6o3eBa) E.B., Mopo3os W.B., boHaapb A.A. feHOMHas
KOHCTUTYLMA 1 anddepeHLmauma cybreHoMoB SHAEMUYHbBIX CMOVMPCKMX 1 AanbHEBOCTOUHbIX BUAOB pofa Elymus (Poaceae)
No AaHHbIM CEKBEHNPOBaHNA ALEPHOro reHa waxy. BaBunoBcKuni xypHan reHeTuku n cenekumn. 2019;23(7):817-826. DOI
10.18699/VJ19.555

Genome constitution and differentiation of subgenomes in Siberian
and Far Eastern endemic species of the genus Elymus (Poaceae)
according to the sequencing of the nuclear gene waxy
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Fifty-three species of perennial grasses in the genus Elymus L. (Poaceae), which are widespread in Russia, are generally as-
sumed to have three haplome combinations: StH, StY and StHY. The StH-genome species, endemic to Russia, remain the
least studied. R. Mason-Gamer and co-authors have previously shown in a series of studies that a molecular phylogenetic
analysis of the low-copy gene waxy (GBSST) sequences significantly complements cytogenetic data on the genomic con-
stitution and evolutionary relationships among both North American and Asian species of the genus Elymus. To determine
the species’genomic constitution and to evaluate the level of phylogenetic differentiation, we examined the GBSST genein
18 species of Elymus from Siberia and the Russian Far East, including the following 14 endemics: E. charkeviczii, E. jacutensis,

© AradoHos A.B., AcbaraHos C.B., LLlabaHoBa (Ko6o3eBa) E.B., Mopo3os W.B., boHgapb A.A., 2019



A.V. Agafonov, S.V. Asbaganov
E.V. Shabanova (Kobozeva), |.V. Morozov, A.A. Bondar

Genome constitution and differentiation of subgenomes
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E. kamczadalorum, E. komarovii, E. kronokensis, E. lenensis, E. macrourus, E. margaritae, E. subfibrosus, E. sajanensis, E. trans-
baicalensis, E. peschkovae, E. uralensis, and E. viridiglumis. PCR amplification products of GBSST gene fragments (including
exons 9-14) were cloned and 6-8 clones per accession were sequenced. It appears that all the species studied have St and
H subgenomic gene variations. The most significant differences between the subgenomic variants St and H were found in
intron 13. The H subgenome contains a 21-bp-long deletion in intron 13 in all Elymus genotypes, probably derived from
a common ancestor of the H and P genomes. Instead of this deletion, all St subgenomes have a relatively conservative
sequence similar to that of the genus Pseudoroegneria, whose ancestor is considered to be the donor of the modern St sub-
genome for all Elymus species. Cluster phylogenetic analysis revealed differentiation in St and H subgenome sequences into
two evolutionary variants: St; vs. St, and H, vs. H,, respectively. Variants of the St and H subgenomes were found homo-
logous to various modern species of the ancestral genera Pseudoroegneria and Hordeum: St, to P. strigosa, St, to P. spicata,
H, to H. jubatum, and H, to H. californicum. The details of the relationships between Russian and North American species of
the genus, as well as a number of microevolutionary interconnections in the group of boreal endemic species of Siberia and
the Russian Far East were revealed. The new results obtained here are essential for the development of a phylogenetically
oriented taxonomic system for the genus Elymus.

Key words: Elymus; phylogeny; allopolyploids; genome constitution; GBSST.
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BBepeHune

Pon Elymus L. (ITsipeiiHuK) — caMBblif KPYTIHBIA pOJ TPUOBI
Triticeae Dumort. cemeiictBa Poaceae Barn. OH comepkut
UCKJTIOUUTEIBHO aM(UIIIONIHBIE CAMOOITBUISIONINECS BUIBI
MHoroneTHux TpaB (Dewey, 1984; Love, 1984), koTtopbie
IIPOKO PAacIIpOCTPaHEHBI Ha BCeX KOHTHHEHTaX OT [omapk-
TUKH 710 cyOTponukoB. [Tpn aTom Gosiee MOIOBUHBEI BHIOB
npouspactaeT B LlenTpansuoii Aszuu (Lu, 1994). I'enHomHas
KOHCTHTYIHS BCEX BHUIOB 00pa30BaHA raryioMaMH OT TPe-
KOB COBPEMEHHbIX pojioB: Pseudoroegneria (Nevski) A. Love
(rammom St), Hordeum L. (ramom H), Agropyron Gaertn.
(ramom P), Australopyrum (Tzvelev) A. Love (rammom W) u
rarioMoM Y OT HEM3BECTHOTO rnpezka. OOmmM Juist BceX BH-
JIOB pojia siBsiercst rariom St. [Toce co3aanust v npu3HaHus
TEeHOMHOM CHCTEMBI KJTacchupuKaIn TpuOs Triticeae (Dewey,
1984) crana nomyuars pacrpoCcTpaHEeHHE TAKCOHOMUYECKast
cucTeMa, B KOTOpo# pox Elymius B IMPOKOM ITOHUMaHHH MO
pa3meNIoT Ha CaMOCTOSATENFHBIE POl Ha OCHOBE TEHOMHOTO
cocrasa BuoB (Baum et al., 2011): Elymus L. (StStHH-re-
HOM), Roegneria C. Koch (StStYY-renom), Campeiostachys
Drobov (StStHHY Y-renom), Kengylia C. Yen & J.L. Yang
(StStYYPP-renom), Douglasdeweya C. Yen, J.L. Yang et
B.R. Baum (StStPP). Ilo mociieaaum odbpadotkam pox Ely-
mus B Tipenenax Poccum moppasneneH Ha YeThIpe CEKIHU:
Turczaninovia (Nevski) Tzvelev (4 Buna), Goulardia (Husn.)
Tzvelev (42 Buna), Elymus (6 BunoB), Clinelymopsis (Nevski)
Tzvelev (1 Bun) (Lsenes, [Ipobarona, 2010). Ita cucrema rmo-
CTpPOEHA 10 TPaJUIIHOHHBIM KPUTEPHSIM (CPaBHUTEIILHO-MOP-
(onoruueckuii u sxosoro-reorpaduueckuii), obecrneyrBaet
LEJIOCTHOCTD W €AMHCTBO POJIa, HO B COCTAB CEKITMH BXOMISAT
BU/JIBI C Pa3HON T€HOMHOW KOHCTUTYLIHEH.

B nHactosimiee BpeMsi CTAHOBHUTCSI OYEBUAHONW HEOOXOIH-
MOCTh COaJaHCHPOBAaHHOTO KOMIUIEKCHOTO ITOAXOMa IS
MOCTPOCHUS (PUIIOTEHETHYECKN OPHEHTHPOBAHHON CUCTEMBI
TaKCOHOB pofa Elymus. CII0)XHOCTb Ha 3TOM HalpaBJICHNH 3a-
KITIOUAeTCsI B O0BEAMHEHHUH IBYX COBEPIIICHHO PA3HBIX METO-
JIOJIOTHH B OOTaHHKE — TPAIANUIIMOHHOM TAKCOHOMUH C IPHOPH-
TETOM MOP(OIIOTHYECKUX KPUTEPHUEB U IKCIIEPUMEHTAIbHON
TeHETHKH Ha OCHOBE COBPEMEHHBIX MOJICKYIISIPHBIX TEXHOIIO-
ruil. B OTHOIIEHNH UCTIONB30BAHNS MOJIEKYIISIPHBIX MapKepoB
CyIIECTBEHHBIE pe3ynbTaThl monydensl Dr. R. Mason-Gamer
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¢ corpynankamu (Helfgott, Mason-Gamer, 2004; Mason-
Gamer, 2001, 2004, 2008, 2013; Mason-Gamer et al., 1998;
2010a, b). Tak, npoBeIeHHbIE UMK UCCIICAOBAHUS MIOKA3AIIH,
YTO CBE/ICHHS O HYKJICOTHIHBIX IOCIEI0BATEIbHOCTIX HU3-
KOKOTIMHHOTO TeHa wax)y (TpaHy/I-CBI3aHHAs CHHTAa3a Kpaxma-
na 1, GBSS1) cornacyroTcs ¢ IUTOT€HETUIECKUMU TAHHBIMU
B OTHOILICHNH T€HOMHOH KOHCTHUTYIIMU U 3BOJIFOIHOHHOTO
MIPOUCXOXKEHHS ceBepoameprkanckux (Mason-Gamer, 2001)
n asuarckux (Mason-Gamer et al., 2010a) BuzioB pozna Elymus.
Hamu cpenan xpaTkuil aHainu3 NPUTOJHOCTH TAaKUX Ie-
HETHYECKUX MapKepOB, KaK HU3KOKOIMHHbIE TEHBI sICPHOI
nokanuzauuu bmy2, waxy n ITS xnacrepoB pPHK, mis
N3y4deHUs] (PUIOTEHETHYECKNX OTHOUIEHUH MEXIy BUAAMH
pona, Bcrpevatommmucs B Cubupu u Ha [lansaem Boctoke
Poccun (Shmakov et al., 2015). beiio moarBepskaeHo, 4TO
B COYECTAaHUM C JAPYTMMHU MOJIEKYISIPHBIMH MapKepaMmu pe-
3yJIBTaThl CEKBEHUPOBAHUS TO3BOJISIIOT PEKOHCTPYHUPOBATH
(duoreHeTHYECKUE OTHOILCHHSI MEXAY TakcoHamu. boiee
TOTO, 3TH MCCIIEA0BAHUS JOKA3bIBAIOT, YTO TPH TOCTPOCHNUHT
(HIOTeHEeTHYECKN OPUEHTHPOBAHHONW CHCTEMBI pojia JUIs
Tepputopur Poccuu HEO0OXOAMMO ONMUpPaThCsi Ha JAaHHbBIE
0 TEHOMHON KOHCTHUTYIHMH BHJIOB U UX MHKPO3BOJIIOINOH-
HBIX B3aMMOOTHOLIeHUAX. Hammune B Oase manusix NCBI
Nucleotide (http://www.ncbi.nlm.nih.gov/nuccore) muoxe-
CTBa TociefoBaresnbHOCTeN reHa GBSS/ nosBomsier Goinee
MOAPOOHO OIEHUTH POJICTBO MEXTy OOJBIIMM YHCIIOM Te-
HOTHITIOB KQ)KJIOTO BUJIa B CPAaBHUTENILHBIX HCCIICIOBAHUSIX.
Hamu mpoBeneHo n3yueHHe HyKICOTHAHBIX ITOCIIEN0Ba-
tesnpHOCTEN TeHa GBSS1 (~1300 . 1., 5k30Hb1 9—14) y 18 BH-
JoB Elymus (Bximodasi 14 3HIEeMUYHBIX), IPOU3PACTAIOLINX
Ha tepputopun Cubupu u [amsaero Boctoka Poccun, ¢
IEJIBI0 YCTAHOBIICHUSI WJIM TOATBEPKACHUS UX TCHOMHOM
KOHCTUTYIIMH, @ TAKXKE JJIsl OCHKH YPOBHEH 9BOIIOLIMOHHOM
muddepeHanul cyoreHoMOB, 00pa3yIoNUX TeHOTHITEl Y
Pa3HBIX BUIOB. DTH CBEACHHS SBIISIOTCS] HEOOXOIMMBIM yCIIO-
BUEM JJIsl IOCTPOEHHS (PUIIOTEHETHYECKN OPUEHTHPOBAHHOI
TaKCOHOMHUYECKOW CUCTEMBI pozia B mpenenax Poccun.

MaTtepwuanbl n metogbl
Habop 06pa31ioB BKJII0O9aII pacipocTpaHeHHBIE B A3HaTCKON
yactu Poccun Bub pona Elymus, B OCHOBHOM C HEYCTaHOB-
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senHo renomuoi koucturyumeit (Mpun. 1)!. Jlns cpasan-
TEITBHOTO aHaJIN3a OBLIN HCTIOIb30BAHBI TOCTIEA0BATEIBHOCTH
reHa GBSS! y BUJOB, UMEIOIIUX MapKepHble reHomsl St, H
n Y, u3 6a3sl nanneix NCBI (IIpuin. 2). 'enomuyro JJTHK
9KCTPArHpOBaJId U3 CBEKHX WM BBICYIICHHBIX JHCTHEB TI0
moandunuposanHoit meromuke (Khanuja et al., 1999) unu
¢ momoripio HadbopoB Nucleospin Plant IT (Macherey-Nagel,
I'epmanusT) B COOTBETCTBUU C HHCTPYKIIMSMHE ITPOU3BOANTEIS.

Ammmndukanuio gpparmentos rena GBSS/ mpoBoxuiu ¢
npaiimepamu F-for (TGCGAGCTCGACAACATCATGCG)
u M-bac (GGCGAGCGGCGCGATCCCTCGC), npennoxeH-
HbeIMH panee (Mason-Gamer et al., 1998), kotopsie popmupy-
0T MPOJYKT JUIMHOW NPUOIN3UTENIBHO 1.3 ThIC. 11. H., BKIIIO-
yaromuii pparment reaa GBSS!, coneprxaniuii 5k30H61 9—14.
TLIP nposoanmm va Tepmormkiepe C-1000 (Bio-Rad, CILA).
O0beM peakiponHon cmecu st [TLP cocrasisit 15 Mk u co-
nepaxan Taq 6ydep, o 0.2 MM kaxnoro dNTP, 1.5 MM MgCl,,
1 mka kaxzaoro npaiimepa, 20 ur renomuoit JIHK, 1 ex. HS
Taq JIHK nommumepassl («EBporen», Poccust). Mcrionb3oBanu
CIEAYIOIINIA TeMITePaTyPHBIA MPOMIIE: IEpBUYHAS JICHATY-
pauus npu 94 °C —4 muH; 3aTeM 38 HUKIIOB: AEHATYpaLysl IPU
94 °C - 25 ¢, omxur npaiimepos mipu 65 °C — 30 ¢, anmoHranus
npu 72 °C — 1 mMuH; ¢uHaTBHAA dMoHTanusg — 20 MHH TpH
72 °C pns ycuneHHs TEPMUHAIBHOTO HEMATPUYHOIO IMpH-
coenvHeHus ie3okcuaneHo3nna k 3'-kouiy IIP-npomykra
(Mason-Gamer et al., 1998). AMmumduxar, compepxramuit
HCCIeayeMblid ()parMeHT, aHAIM3UPOBAIN AEKTPO(POPE30M
B 1.7 % arapo3uom reje B Oypepe TAE npu yneinpHOM Ha-
npsokeHnd 4 B/cm.

[MockonbKy ayIONOMUIUIONAHBIC TEHOMBI Elymus conepskar
HE MeHee JIByX CyOreHOMHBIX Bapuaruii rena GBSSI, To s
muanMm3anui PCR drift addexra, oGycroBnennoro croxa-
CTHYECKUMH (QIyKTyalUsIMH Ha HadasbHBIX cTamusx [I11P,
aMIUTM(UKAIMIO BBITOJIHSUIM B TPEXKPATHOH ITOBTOPHOCTH
(Wagner et al., 1994). O6bennHEHHBIN U3 TPEX MOBTOPHOCTEN
MLIP-niponykT uruposamu B pAL2-T Bexrop («EBporen») B
COOTBETCTBHM C MHCTPYKLMUSIMH Ipou3BoauTens. [lomyden-
HOW JTUTa3HOH CMECHIO TPaHC(HOPMHUPOBATIH XUMHUYECKH KOM-
neTeHTHbIe KieTku E. coli XL1-Blue. KoioHnuun kieTok, co-
JiepIKaIe peKOMOMHAHTHYO TUIa3MHU/TY CO BCTPOUKOM, OTOH-
pas MeTooM 6eno-romy0oif ceneknuy Ha TBepaoi LB -
tarenpHOU cpene ¢ X-gal, IPTG u amnunumummaoM. s
Kax10ro obpasua oroupanu 20 OesbIX KOJIOHHA, KOTOPBIC
TECTUPOBAIHM HA HAJIWYHME BCTABKU OXKUAAEMOH JIIMHBI C
MOMOIIBIO 31eKTpodopesa MPOAYKTOB aMILTH(PHUKALINN TIPH
UCIIOJIb30BAaHUH CYCIICH3UU KOJIOHUHM B Ka4e€CTBE MaTpHIIbI
W YHUBEpCaIbHOU mapsl mpaiMepoB M 13 («EBporen»). s
Ka)XJI0ro obpasua oToupaiu He MEHee MIECTH KOJIOHHH, CO-
JIepKalux BCTaBKy pacueTHoro pazmepa ~1300 m. H. Oto-
OpaHHBIC KOJIOHWHW pacTHiIW B 4 MI KUAKoH cpenst LB B
teuenue 16 9 npu 37 °C u 220 06/mun. [Tnazmuanyro JJHK
BhIJIeIsuTM HabopoM Plasmid Miniprep («EBporen») mo un-
CTPYKILUH IPONU3BOIUTES.

Peakuuonnas cmeck peakuuun Canrepa coaepsxana 0.7 Mxr
miasmuanoi JTHK oOrmie#t pouroi okono 4300 . H., 20 tM
npaitmepa M 13F mimr M13R, 1.8 mxn pearenta BigDye v.3.1,
7.2 mMxn 5X Oydepa sl CeKBEHUPOBAHUS U BOAY /IO CyM-
mapHoro oobema peakuuu B 40 mxit. J{ns peakiun CoHrepa

1 Mpunoxexuna 11 2 cm. no agpecy:
http://www.bionet.nsc.ru/vogis/download/pict-2019-23/appx19.pdf
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leHOMHas KoHCTUTYUMA 1 fuddepeHymaumna cybreHomos
CUBUPCKUX 1 [abHEBOCTOYHbIX BUAOB pofa Elymus

OBLT MCIIOJB30BAH CICIYIOIIUN TeMIIepaTypHbIH MPOQIIIb:
neHarypanus mpu 95 °C B Teuenune 2 MuH, a 3ateM 50 muk-
noB: asnenus npu 95 °C — 30 c¢; orxwura mpu 55 °C— 10 ¢;
anonranuu mnpu 60 °C — 4 muH. [IpogykTs! peakiuu Canrepa
OYHIIIAJN OT M30BITKa KOMITOHEHTOB BigDye ¢ momonsro resb-
(unpTpauy B MUKPOKOJIOHKAX, cozepxamux 600—700 Mk
noarorosienHoro Sephadex G-50 (GE Healthcare) ¢ ynase-
HHEM KHAKOCTH U3 MEPTBOTO 00beMa IEHTPH(PyTHPOBAaHHEM
npu 900 g B TeueHne 2 MuH. 3aTeM MX AHAIU3MPOBAIM HA
aBroMarudeckoMm renHom aHanusarope ABI 3130XL (Applied
Biosystems) B LIKIT CO PAH «I'enommukay. [Tomydenusie
MOCJIEJOBATEIbHOCTH COOMpaAIN B KOHTHTH, TEPEKPBIBAIO-
e HyKJICOTHAHYIO mocienoBarenbHocTs GBSSI ¢ 9-ro
mo 14-# 5K30H, BKIIIOYAs 5 WHTPOHOB, ¢ momoIbio Unipro
UGENE v1.31.0 (Okonechnikov et al., 2012). B utore nomy-
YEHO HEe MEHee 6 KOHTUIOB HYKJICOTH/IHBIX [1OCIIE[0BATEIIb-
HOCTEH st Kayk10ro 3 22 06pastos Elymus. JJonomHUTENEHO
JUISl CPAaBHUTEIBHOTO aHANIN3a OBIIIM IPUBIICYEHBI 42 HyKII€0-
TU/HBIE nTocaenoBaresnibHocTH U3 GenBank NCBI.
MHOXKECTBEHHOE BBIPAaBHHBAHUE MOCIIEA0BATEILHOCTEN
MpOU3BOIMIN ¢ moMmoIsio nporpammel T-Coffee (www.
tcoffee.org) u mpoBepsuTk Bpy4HYI0. BHIpOBHEHHBIE CTPYK-
TypHI Hccnenyemoro parmenta GBSS] McTons30Bamu Iist
pacueTa pHIOTCHETHYECKHX IEPEBBEB METOIOM MaKCUMAaJTb-
Horo npasaononobust (ML) na Beod-cepsepe IQ-TREE (Tri-
finopoulos et al., 2016). lng kaxaoro K30Ha ¥ UHTPOHA
OBUTH OTpEeeIeHbl HAWTYUIINe MOJICNIH HYKJICOTHIHBIX 3a-
meH B nporpamme PartitionFinder Bepcuu 2.1.1 (Lanfear et
al., 2016) ¢ momompio monenu Beroopa AICc, anropurma mo-
ucka “greedy” (Lanfear et al., 2012) n cBa3annbivu (linked)
JauHamu BerBeil. g yKOpEeHEeHMsI JEHAPOrpaMM IpUMeE-
HSUT TIPEJUIOKEHHYIO paHee IOCIIEN0BaTeIbHOCTh Bromus
tectorum AY362757.1 u3 renbanka NCBI (Mason-Gamer,
2004). Craructuueckyto noaaepxky ronojoruu B [Q-TREE
aHaJII3e OIeHUBAH C TToMonhio 1000 perikariii MeTogaMu
SH-aLRT (Guindon et al., 2010) n UFBoot (Minh et al., 2013).

Pe3yn bTaTbl N 06cy)K.qu ne

[Toy4eHHbIE Pe3yNbTaThl ¢ UCIIOIb30BAHUEM PEIEPHBIX 00-
pasIoB — HOCUTEIICH MPEIKOBBIX ist poaa Elymus reHoMoB St
(Bunel poma Pseudoroegneria) u H (Bunst poga Hordeum) oT-
YEeTJIMBO MTOKA3aJIH1, YTO y BCEX N3YyUCHHBIX BUA0OB 13 Cubupu
u poccuiickoro [lanbHero Boctoka oOHapy>KeHbI BAPHAHTEI
MOCIIeIOBATENIFHOCTEH, TIPUCYIIHE TOIhKO reHoMam St u H.
DTO 03HAYAET, YTO PACCMOTPEHHBIC BH/IbI OTHOCSTCS K TETpa-
onHoN StH-reHomHoI rpymnne. O4eBUIHO, YTO LIEHTP BH-
JIOBOTO pa3zHooOpa3ust StH-reHoMHO# rpyTITiBI CMeIieH K ceBe-
Py IO CPAaBHEHUIO C IIEHTPOM IPOUCXOXKICHHS OOJIBIINHCTBA
StY-reHOMHBIX BUJIOB, HAXOASLIMMCS Ha TeppuTopun Kuras
(Lu, Salomon, 1992). IIpumedaTensHO, YTO BHAOBOM CO-
CTaB AJIOTETPAIUIONTHON rpynmbl BUA0B Elymus CeBepHOi
AMepuKHU Takxe MpeJICTaBlIeH B OCHOBHOM StH-reHoMHBIMU
Bugamu (Mason-Gamer, 2001). Tam oTMe4eHBI TOJIBKO PEa-
KHe 0CcOOM HECKOJNBKHX 3aHOCHBIX azuarckux StHY- u StY-
reHoMHBIX BuOB (Barkworth et al., 2007).

Hambonee moka3arenpHbIE OTIHYHS CyOTeHOMHBIX (hpar-
meHToB St 1 H npocnexunBarorcst B uatpone 13 (puc. 1). ITo-
clieioBarebHOCTH cyOreHoma H 3Toro MHTpoHa y Bcex BKITIO-
YEHHBIX B aHAJIN3 TCHOTHUIIOB Elymus cofep kar IPOTSHKECHHYIO
JIETIeTINIO JITMHOM 21 1. H., BEpOsITHEE BCETO, MOIYUYCHHYIO OT
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Genome constitution and differentiation of subgenomes
in Siberian and Far Eastern Elymus species
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[ H.jub_63_H caliscu A EEE TS -GS TEC - - - ACAAAA - . BCA s
kamKS023_2 CATAATTTTTTTGGGTTTAAA-TGGTGEGTTTGC---ACAACAA - Bl e TCAA
chaKES70_1 CAlA A 1 b R A A A - GO R C - - - A CAACAA - = e O T T e §CAA
kroKES03_1 CATAATTATTICGEGEGTTTAAA-TGEGTGEGTTIGC---ACAGCAG- N S A S A TCAA
len0125_4 CAAANE S 000G T A A A - (DG IESE T T R C - - - s e el b BB e T e CAA
SubANAS81_2 C Al A AN AT ISR A A A - (LTI C - - - R = e R e R S CAA
mac0135_1 CATAATTTTTTGGGGTTTAAA-TGETEGTTTGC - - - Cmmmm e s e s s e e e e e e TCAA
jac0443_5 C ARNA AT TIEERERERET T A A A - [IEEEE R T C - - - e R e R S e C A A
marGUK09_6 CATAATTATTIIGEGTTIAAA-TIBGTEGSTT IGC- - - L FCAA
komGARO1_2 CAMA AT AT TS A A A - [IEEETIEEET R C - - - R A e B R T T CAA
komAUKO03_1 CAfEA AR AT F @ GG T A A A - [DIGSEET ISR T R C - - - = o e e S e e e e e e T Ccaa
marAUK50_2 CATAATTATITIGEGITTTIAAA - TIEEITIEST T IGC- - - L TCAA
marGUK09_1 CAMA AT AT T TIGERGT T A A A - ([[IGSEITIESEET ST TG C - - - R e e S R S A §CcAA
trnGAR30_1 CATAATTATTTITEGEGTTTAAA-TEGGTEGTTTIGC - - - L T TCAA
H sajZUN02_4 CATAATTTTTTTGGGTTTAAA-TEGTEGTTTGC - - - B S R e e R TCAA
canABZ54_1 CAflA AT I T BRI & A A - [EICECET ISR R C - - - O e i A e e e §icAa
can_5271_H CATAATTITITIGEGTTIAAA - TIEGTEGTT IGC- - - L icAa
can_5273_H CATAATTTITTITIGGEGITTTAAA-TEGTEGTTTGC - - - RS e S e e e C A A
can_5275_H CATAATTTITITIGGEGTTTAAA-TEGGTEGTTTGC- - - L R T CAA
mutABZ06_2 CATAATTTTTTTEGGTTTAAA-TEEGTEETTTGC - - - B - e s e T CAA
mut_9330_H C ANIA AN A BT IEEEE TR A A A - (GRS C - - - B e tes RS s S S e C A A
mut_5279 H CATAATTTITITIGEGTITTAAA-TIEGTEGTT TGIC - - - - R B R S T S T CAA
virUKU18_1 CATAATTATTTTGGEGTTTAAA-TEGTEGTTTGC - - - o e e e e e el e T TCAA
uraABZ28_1 CACA ARSI R A A A - (IGEE R I C - - - - PSR e R S e S BCAA
conBERO7_1 CATAATTATTTTEGGTTTAAA-TEGEGTEETTTGC - - - Bttt s S e s e S FTCAA
conTAR30_4 CAMA AN ATIT TSI A A A - ST TR C - - - B e S e e T CAA
pesAMU04_1 CATAAT---TTT-BETTITCAA-TIEGTEETTIIGEC- - - B e S O T e T CAA
pesMJA06_2 CATAAT---TTT-GGTTTCAA-TEGCEGTTTGC - - - B = e S e e R S CAA
sib_5281_H CAMIA AN A NS TIEREREST T A A A - [IEEEET NS e C - - - e S CAA
| sib_5283_H CATAATTATTTIGGG T ITAAA-TEGGETEGEGTT T TGIC- - - R e e B TCAA
[ Pstr 323 ABRcEE - - - ciciiEET c AR - AlfacacEipcccBlAncaaciiaBia AB-AE cEllcicBrETTcl THT-Fccamsaa
kamKSO23_1 AGTCGBT---CTCTGGTTCAGT-ATACACTTCCCGEGGEAACAACTAGTAAGARG CTBCTCEBTETICEATETATCCATTAA
chaKES70_6 AGTCGT- --CTCTGGTTTAGG - ATACATTTCCCAGAACAAC- --GAAGAG -TGCTTGTGTTCGATGCATCCATTAA
kI’OKESOSLZ AGTCGEGT---CTCTGEGGTTTAGG-ATACATTTCCCAGAACAAC---GAAGAG -TECTTGEGTGTTCGATGCATCCATTAA
len0125_1 AGTCEGT---CTCTGGTTTAGG-ATACATTTCCCAGAACAAC- --GAAGAG -TEGCTTGTGTTCGATGCATCCATTAA
SUbANA81_3 ABITCET - - - cTCTEGTTTAGSE - ATACARTTCCCABAACAAC- - -[BAAGAG -TECTIETGTTCBATGCATCCATTAA
mac0135_7 AGTCGT---CTCTGGTTCAGT-ATACACTTCCCGGAACAACTAGTAAGARG cHBcTcBTETIcBATEITACcCAFTAA
jac0443_1 AGTCET---CTCTEGTTCAGT - ATACACTTCCCEEAACAACTAGTAAGNAG CTElCTFCEBITETTCBATEBTACCCATTAA
komAUK0373 AGTCET---CTCTGEGGTTTAGG-ATACATTTCCCAGAACAAC---GAAGAG -TECTTGEGTGEGTTCGATGCATCCATTAA
marAUK50_4 AGTCBT---CTCTGEGTTCAGT-ATACACTTICCCEGAACAACTAGTAAGARG CTGCTCBTGTTCGATGTATCCATTAA
trnGAR30_4 AGTCGT- --CTCTGGTTCAGT-ATACACTTCCCEGAACAACTAGTAAGAG CTECTCHBTGETTCEBATETATCCATTAA
Sa]ZUNOZf] AGTCGEGT---CTCTGGTTTAGG-ATACATTTCCCAGAACAAC---GAAGAG -TECTTGEGTGTTCGBGATGCATCCATTAA
canABZ54_2 AGTCEGT---CTCTGGTTTAGG-ATACATTTCCCAGAACAAC- - -GAAGAG -TECTFIGTET T CEATEICATCCATIAA
can_5270_S AW CET - - - ciEciimiTn A B - AfACcASSRCCCAlAACAAC- - -[BAAR-AE - ciETETET T Cll s C A FCCAREA A
St can_5272_S AGTCGEGT---CTCTGGTTTAGG-ATACATTTCCCAGAACAAC- - -GAAGAG -WECTTIGTET T CEATEICATCCATIAA
can_5274_S ABITCEBT - - - cTCTEGTTTABG - ATACAFTTCCCABIAACAAC- - - TAAGAG -FECETETEIT T CBlATEICATCCATTAA
meABZ(767’ AGTCEGT---CTCTGEGTTTAGG-ATACATTTCCCAGAACAAC---GAAGAG -TECTTGEGTGTTCGATGCATCCATTAA
mut_9331_5S AGTCGEGT---CTCTGGTTTAGG-ATACATTTICCCAGAACAAC- - -GAAGAG -TGCTTGTGTTCGATGCATCCATTAA
mut_5278_S AGTCGT- --CTCTGGTTTAGG-ATACATTTCCCAGAACAAC- --GAAGAG -EEcEFTETETTCEATECATCCATEHAA
virUKU18_3 AGTCGT---CTCTGGTTTAGG-ATACATTTCCCAGAACAAC---GAAGASG -TGCTTGTGTTCBATGCATCCATTAA
uraABZ28_2 AGTCET - - - CTCTEGTTTAGSE - ATACAFTTCCCABAACAAC- - -[EBAAGAG -FECTFTGTETT CEATECATCCATTAA
CONBER0772 AGTCGEGT---CTCTGEGGTTTAGG-ATACATTTCCCAGAACAAC---GAAGAG -TECTTGEGTGTTCGATGCATCCATTAA
conTAR30_1 AGTCGEGT---CTCTGGTTTAGG-ATACATTTCCCAGAACAAC- --GAAGAG -HBECTCBTETTCEATECATCCATIAA
pesAMU04_3 ABTCEBT - --CTCTEGTTTAGG - ATACATTTCCCABAACAAC- - -GAAGAG -EEcEFTERTETTCBATECATCCATEA A
pesMJA06_3 AGTCEBT---CTCTGGTTTAGG-ATACATTTICCCAGAACAAC---GAAGAG -TECTTIGTGT I CEATECATCCATIAA
sibJACO4_1 AGTCET- - -CTCTGEGGTTTAGG - ATACATTTCCCAGAACAAC- - -GAAGAG -TGCTTGETGTTCGATGCATCCATTAA
5[b_5280_5 AGTCEGT---CTCTGEGGTTTAGG-ATACATTTCCCAGAACAAC---GAAGAG -TECTTGETGEGTTCGEGATGCATCCATTAA
sib_5282_S AGTCEBT---CTCTGEGTTTAGG - ATACATTTICCCAGAACAAC- - -GAAGAG -FGCTTGTETTCEATECATCCATIAA
gme_7726_$ CATAAT - - - TTCTGEGTTCAGG-ATACACTTCCCAGAACAA-T--TAACAG CTECTCGAGTTTGAGACATCCATTAA
pen_7731_S CATAAM- - -IMTCTEETTCABE - AMACACTTCCCABIAACAA-T- -[TAACAE CTElCTCEAGTTTEABACATCCATTAA
[ gme 7727 Y ABvcBiN - - - cciEST T S - ATlBlc A\ S RcccacanrcAaAC- - - A ARAE -FEcicETET T ClElATECATCCcATHAA
Y L pen_7732_Y AGITCET - - - CICTEGITTITAGSE - ATGCAFTICCCACAACAAC- - -[TAAGAG -EGcTcBTET T CEATEBcCATCCATTAA

Puic. 1. Pa3nuuna B HyKNeoTuAHbIX NociefoBaTeNibHOCTAX B cybreHomax H 1 St B nHTpoHe 13 reHa GBSST y BupoB Elymus ¢ Tepputopun Asmnatckon
yacTn Poccrn B CpaBHEHNM C MOCNe0BaTENbHOCTAMY Y PernepHbiX 06pasLioB eBpoasnaTCcKMX BUAOB.

ob1mero npenka cyorenomoB H n P, mockonbKy oHa mpucyT-
CTBYET TaK)K€ y COBPEMEHHBIX MPEACTaBUTENECII MOHOTEHOM-
HBIX POJICTBEHHBIX BHJIIOB U3 ponoB Hordeum m Agropyron.
Ha mecTe aT0ii nenenmu y Bcex cyOreHoMoB St 'Y OTMe4eHa
OTHOCHUTEJIBHO KOHCEpPBAaTHBHAs IOCIEI0BAaTEIbHOCTD, BO
MHOTOM COBITAJafomIasi ¢ TAKOBOH y pona Pseudoroegneria,
IpPeJOK KOTOPOTro SIBISETCSI JOHOPOM COBPEMEHHOIO I'€HO-
Ma St. Menkue f1enenuy XapakTepHbl U TS IPyTUX Y4aCTKOB
3TOTO MHTPOHA M B MEHBIIEH CTENCHH BBIPAXECHBI B APYTHX
ydJacTkax aHainuzupyemoro ¢parmenra GBSS].

[Tpu 5TOM Ha Haieil BEIOOpKE KIIOHOB HE IOJATBEPIHINCH
paHee onyOIMKOBaHHBIE TAHHBIE O CYIIIECTBOBAHNH KOHCEPBa-
THUBHBIX yJacTKOB, a0COIIOTHO CIIEU(DUIHBIX /TSI TAIlJIOMOB
H u St (Shmakov et al., 2015). JlaHHbBIi Te3UC MOATBEPIUICS
TOJIBKO ISl YaCTH TMOCIIETOBATEIEHOCTEH, TIPUHAIIEKAIITNX
pa3HBIM rarioMam.

820

Knacrepnslil ananus nocnenosarensHocteit GBSSI ¢ 9-ro
1o 14-if 9K30H, a TakKe OTIEILHO MHTPOHOB WIIM DK30HOB
JIEMOHCTPHUPOBAJT CXOXKHE 3aKOHOMEPHOCTH, BEICBEUHBAS OT-
JIeTTbHbIC HIOAHCH! (PUIIETUYCCKUX CBSA3EH KaK BHYTPH, TaK U
MEK/1y POJICTBEHHBIMH I'PYIIIaMH aHAJTM3UPYEMbIX TAKCOHOB
Elymus. Ananu3 ranbonee KOHCEPBAaTUBHBIX YYACTKOB (K-
30HBI 9—-14) mokazan OGIM3KOE POJICTBO BHYTPH OTACITBHBIX
CyOreHOMOB U IIPH 3TOM UX AU PepeHIInaLUI0 MKy CO00it
(puc. 2).

OOHapyXMII0Ch, YTO KaXK/AbIH U3 JIBYX CyOr€HOMOB y H3Y-
YEHHBIX BHUJIOB O0TYETIUBO auddepeniupoBan. Tak, mocie-
JIOBAaTENFHOCTH cyOreHoma St IensiTcs Ha JBE TPYIIIBI, yC-
JOBHO obo3HaueHnble kak St m St,. IlociaenosarensHOCTH
cybreHoma St juisi CHOMPCKUX BUJIOB, BEPOATHO, ABJIAOTCS
Ooree TPEeBHUMH, TIOCKOJIBKY, HAPSIy C CEBEPHBIMU OMOTH-
namu E. macrourus, E. jacutensis n E. kamczadalorum, oan
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CUBUPCKUX 1 [aNIbHEBOCTOYHbIX BUAOB pofa Elymus 23.7
79/82 marAUK50_4
trnGAR30_4
93/99 P str_323
P.str_823
canABZ54 2
pesAMU04_3
pesMJA06_3
can_5272'S
virUKU18_3
can_5270_S
uraABZ28_2
—— mut 5278 S
St 85/99 sibJAC04_1
_rrsib,szso,s
. sib_5282_5S
kroKES03_2
—— sajZUN02_2
mutABZ06_1
chaKES70_6
mut_9331_S
08/99 87/90 SUbANA81_3
len0125_3
conBER07_2
can_5274_S
74/73 P.spi_999
94/67 |_ P spi_281.
95/75 - P.spi_000
o35 4‘_ P spi_001
conTAR30_1
82/89 jac0443_1
L‘:': mac0135_8
kamKSO23_1
90/99 gme_7726_S
pen_7731_S
| gme_7727_Y
| pen_7732_Y Y
H.bre_61_H
H.pus_21_H
H.bog_17_H
mut_5279 _H
chaKES70_1
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len0125_4
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98/100 mac0135_1
jac0443_5
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83/95 pesAMU04_1
99100 pesMJA06_2
| pesamuoa_2
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uraABZ28_1 H
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can_5275_H
sibJACO4_2
w conTAR30_4
- conBERO7_1
H.jub_63_H
78/, sib_5281_H
sib_5283 H
86/97 marGUK09_6

75/82

89/96

‘- — — — Bromus_AY3

94.9/100

SUbANA8T_2
marAUK50_2
SUbANA8T_1
marGUK09_1

komAUK03_1

trnGAR30_1

komGARO01_2

75P8mut_9330_H
virUKU18_1

0.02

Puc. 2. [leHaporpamMma, NOCTPOEHHas METOAOM MaKCVMasbHOMO MPaBAoNoAo6yaA No pesynbTaTam aHanusa MnocnefoBaTeNlbHOCTEN 3K30HOB 9-14
reHa GBSST cybreHomos St v H'y BuaoB poga Elymus 13 A3naTckoii 4acTu Poccumn B CpaBHEHUM C pernepHbIMM 06pasLiammn eBpoasnaTcKix Buios (cy6-

reHombl St, Hn'Y).
YKasaHbl 3HaueHusa byTcTpen-nogaepxku SH-aLRT (%)/UFboot (%).

0OHapy’KEeHbI HE TOJILKO y OoJiee F0KHBIX StY-reHOMHBIX BHU-
noB E. gmelinii u E. pendulinus, Ho u 'y obpasua P. strigosa
P1 499637 u3 Cesepo-Bocrounoro Kuras.

CyOGrenomnyio rpymiy St, 00pasyer Gojee 00IHpHas 4acTh
BUJIOB, BKJIIOYAONIAsl KaK y3KoJoKanbHbIE (E. komarovii,
E. uralensis, E. sajanensis, E. margaritae), Tak ¥ IIHPOKO

AKTYANbHbIE TEXHONOT UMW FEHETUKN PACTEHUIA / MAINSTREAM TECHNOLOGIES IN PLANT GENETICS

BUKapupytomme Buibsl (E. caninus, E. sibiricus). 9tot dhakt
OTYETIIMBO WILTIOCTPHUPYETCS CIEU(PUIHOCTBIO HYKICOTH -
HBIX [T0CJIEA0BATEIBHOCTEH B Pa3HBIX Y4acTKaX reHa, Kak mo-
KazaHo Ha puc. 3. [IpumeuarensHo, 4To 0Opaser anTaickoro
Bunga E. margaritae AUK-0650 comepxut ob6a BapmaHTa
cyorenoma St. [Ipu 3ToM B Habope M3 BOCHMH ITOCIIE/IOBA-
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Puc. 3. InpdepeHumauma cybreHoMoB St Ha OCHOBE PasfiMuni B HYKEOTUAHbBIX MOC/IeA0BaTENbHOCTAX B Pa3HbIX yYacTKax reHa
GBSS1'y BupoB Elymus ¢ Tepputopun A3raTckom Yyactu Poccrmn B CpaBHEHMMW C NOCef0BaTeNIbHOCTAMU Y penepHbiX 06pa3sLoB

€BpPO0a3naTCkux BUAo0B.

TENBHOCTEH y Ka)10ro u3 00pasnos E. komarovii GAR-0501
u E. margaritae GUK-1709 nocnenoBareiabHOCTH, MPUHAI-
JIeKaIIMe CyoreHoMy St, BBISIBIICHBI HE ObLIH.

ITo Takomy >ke MpUHINITY OBLIN TTOApa3AeIICHBI TOCIEI0BA-
TEITLHOCTH CEBEPOAMEPUKAHCKHX BUJIOB IO TIEPBOHAYATIBHBIM
JaHHBIM, T'I€ CPAaBHUBAJIOCH 60.]'[])1]166 YUCJIO MMPUPOJHBIX
obpasmnoB (Mason-Gamer, 2001). ITosTomy Hamu OblIa 1M0-
CTpOE€Ha JICHpOrpaMMa, B KOTOPYIO BKITFOUEHBI SHAEMHUYHbIE
BUJIbI A3uarckoil Poccun B CpaBHEHHUHU ¢ HEKOTOPHIMH TIO-
CJIeI0BATEIBHOCTSIMU CEBEPOAMEPHKAHCKIX BHI0B. Mcmons-
30BaHBI TIOCJIEIOBATEIBHOCTH CyOreHOMa St, BKITIOYAIOIINeE
9K30HBI 9-14 BMecTe ¢ UHTpoHaMHu (puc. 4).

B 3TOM BapmaHTe OCTPOEHUS ACHAPOIPAMMBI a3HaTCKHE
BUJIbI CHOBA PACIPEICITMIINCE IO JIBYM KJIaJlaM € TE€M XKe CO-
CTaBOM, KaK B BapHaHTe IOCTPOCHU 1o dk30HaM. [Ipu atom
YacTh CEBEPOAMEPUKAHCKHUX BHIOB (OTMEYEHHI Ha pucC. 4
TOYKaMH) BMECTE C a3UaTCKUM BUJIOM P, strigosa 00pa3oBain
€IMHYIO0 KIlajy ¢ Tpymnnoil cyorenoma St , a apyras 4acTh
pacronoKuIack B rpymmne St, BMECTE CO BCEMH 00pa3LaMu
ceBepoaMepHrKaHcKoro Busa P, spicata. IlocienoBarenbHOCTH
GBSS1 cyorenoma Y y E. gmelinii v E. pendulinus nokasanu
GoJee 61M3KOE POJACTBO € IPyNIOH St,, 4TO HE IPOTHBOPEUUT
JTAaHHBIM 00 YBOJIIOIIOHHOM IPOUCXOXKICHUH 3TOTO CyOTeHO-
Mma (Mason-Gamer et al., 2010a).

AHanmornyHas KapTuHA AUQPEPESHINAINH TPOSBIIACH
n i cyorenoma H (puc. 5). I1o momusIM mocienoBaress-
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HOCTSIM MHTPOHOB M 3K30HOB reHoma H y pocculickux u
CeBepOaMEPHUKAHCKHUX (OTMEUCHBI HA PUC. 5 TOUKAaMM) BUJIOB
OblI1a HOCTpPOEHA JIeHIporpaMma. B kadecTBe perepHbIX B3SThI
JIBa MHOTOJIETHUX BuIa Hordeum (TIOMEUEHBI 3BE37I0UKAMH ).
JlBe mIaBHBIE KJIaJ(bl, HA KOTOPBIC PA3ACIMINCG KOIIMU I'eHa
redoma H, yciosHo o6o3nauens! kak H, u H,. Kimana H, Bimio-
YaeT UCKIIFOYUTENIBLHO POCCUICKHE BUJIBI, TOT/IA KaK Kiajaa H,
c(hopMupoBaHa POCCUICKIMH CEBEPO-BOCTOUHBIMU M BCEMHU
CEBCPOAMCPUKAHCKUMHN BUJAMMU. Ka)KJIOMy M3 BapUaHTOB
COOTBETCTBYET CBOM IIPEIKOBBIN TAKCOH COBPEMEHHOIO poJia
Hordeum. Jina poccuiickoit rpynmsl H; 310 mupoko pac-
npocTpaHeHHbli B EBpasuu H. jubatum, a nns rpynnst H, —
ceBepoamepukanckuit H. californicum Covas & Stebbins.
Poccwuiickue BubI, BXoAsmue B coctas Knaael H,, mo-
Ka3aJu 3HAaYUTEJbHO 00ibInyI0 nupdepeHnuanuio, yem
BUIbI cMenranHon kinansl H,. Kmaga H, paspenunace na tpu
cyOkmasipl. B mepByto ouepesb OTAEIHINCH TPH KIIOHA CeBe-
POBOCTOUHBIX BUJIOB E. kronokensis u E. peschkovae. Jtor
(hakT KOCBEHHO TTOJTBEPKIACT 3HAYMTEIHHYI0 000COOICH-
HOCTh E. peschkovae ot Gnm3koro mo Mop(ojoruu Koioca
cubupckoro E. confusus, KOTOPBIi, B CBOIO Ouepelb, OJIMKe
BCEX MPOUYHX BUJOB KJIACTEPU3YETCsI ¢ penepHbIM H. jubatum.
Hawnbonee ornaneHnsIi kiactep 00pa3oBaH BceMy 00pas3liaMu
E. caninus, K KOTOPBIM MPUCOEAMHUIICS KIJIOH dHAeMHKa FOx-
Horo Ypana E. uralensis. B camblii KpyITHBII KJIacTep BOIILTH
ropHble cuOupckue BUAbl E. komarovii, E. transbaicalensis
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Puc. 4. lenaporpamma, NOCTPOEHHasA METOAOM MakcMMaibHOroO npasfonofobma no pesynbraTtamM aHanm3a nocnefoBaTeNbHO-
CTell MHTPOHOB 1 3K30HOB (9-14) reHa GBSST cybreHoma St y BupgoB poga Elymus n3 Asnatckon yactn Poccun B cpaBHeHUM ¢
obpasLamy eBpoasnaTCKUX N ceBepoamMepuKaHCKMX (OTMeueHbl Toukamu) BuoB (cybreHombl St 1 Y). 3Be3goukamm oTMeyeHbl

BuAbl Pseudoroegneria — Hocutenu reHoma St.

YKa3aHbl 3HaueHua byTcTpen-noaaepxkn SH-aLRT (%)/UFboot (%).

u E. margaritae, X KOTOPbIM MPUMBIKAIOT Mapa perepHbIX
KI0HOB E. sibiricus u, 4To HanOojee HEOKUIAHHO, KJIOH
YYKOTCKOTO 0oOpasua E. subfibrosus. IlpumedarenbHo, 94TO
penepHbie 00pa3ibl E. mutabilis momany B pasHbIC KIabl
cyorenoma H.

CwmemanHas knafa H, BKIloumia He TONBKO BCE CEBEPO-
aMEepUKaHCKHUE KJIOHBI BUIOB Elymus Bmecte ¢ H. californi-
cum, HO Y KJIOHBI PAIa POCCUICKUX BHIOB U3 PA3HBIX PErHO-
HOB: E. kamczadalorum n E.charkeviczii (kamuaTrckue BUIbI),
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E. macrourus, E. jacutensis, E. lenensis (ceBepHbIC 00pa3Iibl C
n-oBa TaliMbIp), TOpHBIA cuOupckuii BUn E. sajanensis v nBa
u3 Tpex E. mutabilis (peniepHblit kutaiicknit mut 5279 Hu
1okHOypanbekuit ABZ06 2). Tperuit penepHslil anTaiickuii
mut_9330_H nonan B knany H,.

Takum oOpazom, 1o cybrenomy H MOxHO 3aMeTHTB TOJTb-
KO TEHJICHLIMIO K POJICTBY MEXIy CEBEpPOaMEPHKAHCKUMHU U
CEBEPHBIMU M BOCTOYHBIMH 00pa3naMH POCCHHCKUX BHIOB.
Bonee monHsTHO ONMM3KOE POJCTBO MEXKIy aMEPUKaHCKUMH
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Genome constitution and differentiation of subgenomes
in Siberian and Far Eastern Elymus species
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Puc. 5. [leHgporpamma, NOCTPOEHHaA METOLOM MaKCMManbHOro MpaBAomnoAobua Mo pesynbraTaM aHanusa nocsiefoBaTesb-
HOCTEN UHTPOHOB 1 3K30HOB (9-14) reHa GBSST cybreHoma H y BugoB poga Elymus n3 A3matckoin Yact Poccum B cpaBHeHWUM
C 0bpasLamm eBPoasnaTCK1X N CeBepOaMePUKAHCKNX (OTMeUYEHbI TOYKaMK) BUAOB. 3Be3404KaMn OTMeYEeHbl HoCcUTeny reHoma H:
ceBepoamepuKaHcKuii Bug H. californicum v unpoko pacnpocTaHeHHbIN BU a31aTCcKoro npoucxoxaenns H. jubatum.

Yka3saHbl 3HaueHua nopaepxkn SH-aLRT (%)/UFboot (%).

U KaMYaTCKUMH BUIaMH, YUUTHIBas HICTOPUUECKHUE CBA3H
9THX (JIOp, a TAaKXKE BUIAMH IIMPOKUX CEBEPHBIX apeajoB
E. macrourus v E. jacutensis. TpynHee 0ObsICHUTE OJIU30CTh
K 9TOH TpymIe KATAHCKOTO M FOKHOYPAIBCKOTO 00pasIiioB
E. mutabilis.

Tem He Mmenee Ha npumepe BapuabenbHocTH reHa GBSS/
MOKHO TPOCJIEANTD POACTBEHHBIEC OTHOIIEHHS B 3BOTIOLUHT
BHJIOB M JIOKAJIBHBIX Te0orpa)uIecKux pac ¢ TEPPUTOPHUH
Cubupu u Jlansaero Bocroka. Eciu paccmoTpeTsh B3auMo-
pacronoxeHnne 00pa3oB BHYTPH KJaJl CyOTeHOMOB, TO Kila-
CTephl OOBETMHMIIN UX MO MPEAIonIaraeMomMy poacTsy. Taxk,
BUAbl E. jacutensis v E. macrourus o0beJUHWINCH B 0011IHE
Kkiactepsl B obenx kagax H u St (cm. puc. 2), a Takke Ha OT-
JIENTBHBIX AEHAPOrpaMMax 3THX CyOreHOMOB (CM. puc. 4 u 5),
TEM CaMbIM NOATBEPANB PAHCC CACTIAHHBIC MTPEATIONIOKCHUA
0 TOM, uTO E. jacutensis mpeacTaBiseT co00i OCTUCTYIO pa3-
HOBHIHOCTE E. macrourus (LBenes, 1964). ItoT daxrt co-
1acyeTcs ¢ JaHHBIMU CpaBHI/ITeHbHO-MOp(bOHOFI/l‘leCKOFO n
ANEKTPOPOPETUIECKOTO aHANIN3A U THOPHU N3N BEIOOPOU-
HBIX OMOTHIIOB 3THX BUI0B (Aradonos, 2008).

Pesynbrarsl CeKBEHHPOBaHMS MOATBEPAMIN 000CO0ICH-
HOCTb E. kamczadalorum ot xamaatckoro Buna E. charkevi-
czii, BBISIBIICHHYIO PaHee C IIOMOIIBIO METO/I0B CPAaBHUTEIIHHOM
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MopdoIoTHH, 3MeKTpodopesa 3amacHbIX OSTKOB YHI0CTIEpMa
ceMstH, TostoBoii rudpuamsannu (Aragponos, I'epyc, 2008)
u moiekyssipuoro ISSR-ananusza (Ko6osesa u np., 2017).
Bunsr E. komarovii n E. transbaicalensis obpa3zoBanu He-
pasnuuMMble BETBU B Kazne H; BMecTe ¢ anraiickum BUIOM
E. margaritae, a B xnajge St; 00beJUMHMINCh UMEIOLIUECS
KIOHHI E. transbaicalensis n E. margaritae. ®UinoreHeTn-
yeckasi OJM30CTh MEPBBIX JBYX BHIOB HEOAHOKPATHO MOJ-
TBEpIKIa1ack B 3kcriepumente (AradoHos u 1p., 2019), Torna
KaK MCCIIeIOBaHNE CTEIIeHH 000CO0NeHHOCTH E. margaritae
MIPOBOANTCS B HACTOSAIIICE BPEMS METOJAMH OMOCHCTEMATHKH.
Ho Hanbonee HeoxkuJaHHbBIE JAHHBIE [TOJTy4eHbI OTHOCUTEIIb-
HO B3aMMOOTHOIIEHHH B TPYTIIE I0)KHOYPATBCKUX ONOTHIIOB
E. uralensis, E. viridiglumis, E. caninus, E. mutabilis. Ceitaac
9T JIaHHBIE TIPOBEPSIIOTCS B TOJIEBBIX U J1a00PaTOPHBIX IKC-
MEPUMEHTAX.

3aknioyeHune

Taxum 00pa3oM, HECMOTPSI Ha HCTOPHYECKH CIIOKHYIO KapTH-
HY CETYaTOH SBOJIOLUH B COCTABE PA3INYHBIX POJCTBEHHBIX
AJJTOTOJIMIION/IHBIX POAOB U MPOJOJIKAIOIINECS aKTHBHbBIE
MHKPOAIBOITIOIMOHHEIE TIPE00pa30BaHus, Oa3MCHBIE TCHOMBI
COXPAHSIOT YHUKAJIBHBIE TPEAKOBBIC YEPTHL. ITO ITO3BOIISIET
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OTHOCHTEJIBHO JIETKO MICHTH()UIIMPOBATh TEHOMHBIH COCTaB
U KIacCH(UIIPOBATh COBPEMEHHBIE BU/BI B paMKax (HII0-
TEHETHYECKN OPHEHTHPOBAHHON TAaKCOHOMHYECKOH MOJIEIH
pona. Ha Ham B3misi/1, HeOOXOIMMO COXPAaHUTD LIEIOCTHOCTh
pofa, TOCKOJIBKY HEKOTOPBIE BUBI N3 CAMOCTOSTENHLHOTO posia
Roegneria ¢ renomuoit gopmynoit StY (Baum et al., 1991)
6:113KH 110 MOP(OJIOTHHY BHaM M3 BHOBB ITPE/IJIaraeMoro poja
Campeiostachys ¢ renomHo# popmymnoit StHY (Baum et al.,
2011). ITpu aTom Buam! pona Campeiostachys B 3HaYNTEIBHOM
Mepe Pa3IUYarTCcs MEXay coboit mopdomoruuecku. [eHe-
THYECKH O0BEANHACT BCEX MPEACTaBUTENCH posa TeHOM St,
BEJIYIINH MPOUCXOXKICHHE OT IPEIKOB ponia Pseudoroegneria.

B ocHoBy nuddepenimanyu pojia 10KHa ObITh ITOJIOKEHA
MOJIENTb MUKPOIBOTIOHOHHBIX KOMIUIEKCOB, KOTOPBIE TIpeI-
CTaBJIAIOT cO00¥ COBOKYITHOCTH TaKCOHOB, JBOJIOIHOHU-
PYIOLIMX Yepe3 rHOpuau3aluio 1 HHTporpeccuio. CTerneHb
POZICTBAa TAKCOHOB HEOOXOAMMO TMOATBEPIUTH MPH TTOMOIIN
METOZI0B OMOCHCTEMaTHKU C 00s3aTEIbHBIM OIPEICIICHHEM
CKpEIIMBAEMOCTH 0COOCH, T.€. C yUETOM MOJIOKEHUSI B CHC-
TeMe pPeKOMOWHAIMOHHBIX U MHTPOTPECCUBHBIX I'€HITYJIOB
(Agafonov, Salomon, 2002). ITo cyTH, MUKpOIBOJIIOIIMOHHBII
KOMIIJIEKC — 9TO HPOEKLHUSI COBOKYITHOCTH PEKOMOHWHAIINOH-
HBIX TCHITYJIOB Ha TAKCOHOMHUECKYIO MOZEIb POJA C yIETOM
TEHOMHOM KOHCTUTYIIMHU BHI0B. Kask1bIif MEKPOIBOJIIOIIOH-
HBII1 KOMIIEKC JI0JDKEH MTPE/ICTABIISATH COOOM pa3BETBICHHYIO
CHCTEMY TaKCOHOB BHOBOTO M BHYTPHBHIOBOIO PAaHIOB, B
9TOM ciydae cucTema poja OyneT (GpHIOreHeTH4ecKH MoA-
TBEPKJIEHHON CTPYKTYpPOil.

B mepcrnexkTuBe MPEACTOUT OMPEAEITUTh TAKCOHOMHUYE-
CKHUH PaHT Pa3HBIX MUKPO3BOJIIOIMOHHBIX KOMIIIEKCOB. JTO
MOT'YT OBITh CEKIIMU MJIM arperarsl OHOrO BU/ia B IIMPOKOM
MMOHUMAHUH, KaK T0Ka3aHO Ha MPUMEpE PEBU3UH ITOJICEK-
un Pendulini (Nevski) Tzvelev cexkumu Goulardia (Husn.)
Tzvelev (Kobo3era, Aradonos, 2015).
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Co3gaHue 1 n3yuyeHre MHTPOTPEeCCUBHBIX JIMHUM
MSITKOIA IIIEeHMUIIbI, IIOJIYYeHHBbIX Ha OCHOBE
CUHTeTn4YeCcKoi (popMsbl RS7
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CuHTeTnyeckan ¢opma RS7 (BBAAUS), y KoTopoli nepBble fBa reHoma, A 1 B, MponcxoaaT oT MArkom niueHunubl, a Tpe-
TMiA cocTouUt 13 xpomocom Aegilops speltoides (S) n A. umbellulata (U), nonyyeHa OT cKpelMBaHWA CUHTETUYECKNX
dopm Aepogec (BBAASS) n Asponata (BBAAUU). OT 6EKKPOCCOB C BOCMPUUMUYMBBLIMUA K JINCTOBOW PXKaBUMHE, XKeSl-
TOW pXKaBUMHE U MyYHUCTON poce copTamMm MArkow nweHuubl KpacHoaapckasa 99, ®uwTt n PocTtucnas 6binv co3gaHbl
yCTOMYMBbIE K 3TUM 60/1e3HAM UHTPOrpeccmBHble NMHMK. MLP-aHann3 nokasan Hannuve amnanduKaumm GparmeHToB
¢ Mapkepom SCS421, cneundunuHbiM ana rexa Lr28, y nuumum 4991n17. Lutonornueckoe nsyyenue (C-banding u FISH)
14 NUHWIA BBIABUMIO XPOMOCOMHbIE MEPECTPONKN Y 12 U3 HUX. B BONbLIMHCTBE C/lyyaeB IMHUM HECYT TpaHCIoKaLmm
ot Ae. speltoides, yctaHoBneHHble B xpomocomax 1D, 2D, 3D, 2B, 4B, 5B u 7B. bbinn naeHTMoMLMpPOBaHbI TakxKe u-
HUW C 3ameLleHHbIMK Xpomocomamu 1B (1S), 4D (4S), 5D (5S) n 7D (7S). OTobpaHbl NMHUK, HECYLLie OAHOBPEMEHHO
reHeTn4Yeckuin matepuan ot Ae. speltoides n Ae. umbellulata. ¥ nuHun 3379114 naeHTMOUUMPOBaHbI TPAHCIOKALMN:
T7US-7DS.7DL — B KOpOTKOM Mneye xpomocombl 7D oT Ae. umbellulata n B xpomocomax 5BL, 1DL, 2DL ot Ae. speltoides.
B nnHumn 4626n16 onpeneneHbl TpaHcnokaumm: 2DS.2DL-2UL ot Ae. umbellulatanT7SS.7SL-7DL ot Ae. speltoides. TpaHc-
nokauumn T1DS.1DL-1SL, T3DS.3DL-3SL ot Ae. speltoides n T2DS.2DL-2UL, T7DL.7DS-7US ot Ae. umbellulata BbisaBneHbl
Bnepsble. CAenaHo NPeAnonoXeHne, YTo IMHUN MOTFYT HECTW HEMAEHTUOULMPOBaHHbIE PaHEee reHbl YCTONYMBOCTA K
rPUBHBIM 60NE3HAM, B YaCTHOCTM K JINCTOBO pKaBumMHe, oT BMOOB Ae. speltoides n Ae. umbellulata.

KnioueBble cnoBa: MArkas nweHnLUa; CMHTeTUYeckre GopMbl; YCTONUMBOCTb K H6OME3HAM; LMTONOMMYECKMI aHanums;
3aMelLeHHble XPOMOCOMbI; TpaHcnokaumm; C-banding; FISH.
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The development and study of common wheat introgression lines
derived from the synthetic form RS7
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Synthetic recombination form RS7 (BBAAUS), in which the first two genomes, A and B, originate from common wheat,
and the third recombinant genome consists of Aegilops speltoides (S) and Ae. umbellulata (U) chromosomes, was
obtained from crossing synthetic forms Avrodes (BBAASS) and Avrolata (BBAAUU). Resistant to leaf rust, yellow rust
and powdery mildew, introgression lines have been obtained from backcrosses with the susceptible varieties of com-
mon wheat Krasnodarskaya 99, Fisht and Rostislav. PCR analysis showed the presence of amplification fragments with
marker SCS421 specific for the Lr28 gene in the line 4991n17. The cytological study (C-banding and FISH) of 14 lines
has revealed chromosomal modifications in 12 of them. In most cases, the lines carry translocations from Ae. speltoides,
which were identified in chromosomes 1D, 2D, 3D, 2B, 4B, 5B and 7B. Also, lines with the substituted chromosomes
1S (1B), 4D (4S), 5D (5S) and 7D (7S) were identified. Lines that have genetic material from Ae. speltoides and Ae umbel-
lulata at once were revealed. In the line 3379n14, translocations in the short arm of chromosome 7D from Ae. umbellu-
lata and chromosomes 5BL, 1DL, 2DL from Ae. speltoides were revealed. The line 4626p16 presumably has a transloca-
tion on the long arm of chromosome 2D from Ae. umbellulata and the T7SS.7SL-7DL translocation from Ae. speltoides.
The T1DS.1DL-1SL and T3DS.3DL-3SL translocations from Ae. speltoides, and T2DS.2DL-2UL and T7DL.7DS-7US from
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Ae. umbellulata have been obtained for the first time. These lines may carry previously unidentified disease resistance
genes and, in particular, leaf rust resistance genes from Ae. speltoides and Ae. umbellulata.
Key words: common wheat; synthetic forms; resistance to diseases; cytological analysis; substituted chromosomes;

translocations; C-banding; FISH.
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BBepeHune
Mstrkas mmennna (Triticum aestivum L.) — BaxHeHIIast mpo-
JIOBOJILCTBEHHAs Ky/lbTypa. ['eHeTHueckuil noTeHnuail ee
MIPOAYKTUBHOCTH B HACTOSIIIEE BPEMs MPAKTUUECKH HCUep-
MaH, ¥ yPOXKaHHOCTh BO MHOTOM 3aBHCHT OT YCTOWYHNBOCTH
BO3JCJIbIBACMBIX COPTOB K He6HaFOHpI/I$ITHBIM a6I/IOTI/I‘{eCKI/IM
u OmoTHuecKuM (akTopaM cpefsl. [ eHeTHUECKUX pecypcoB
caMoil MATKOW IMIIEHHIBI HEOCTATOYHO JUISl PEHICHHS dTHX
mpo6ieM. B 0co6eHHOCTH 3TO KacaeTcs FeHOB YCTOHYNBOCTH
K 00JIe3HSM, OTpaHUIEHHOE Pa3HO00pa3He KOTOPHIX SBISETCS
OJIHUM M3 OCHOBHBIX JINMUTUPYIOIINX (DAKTOPOB CENCKIINH.
3HAYUTENBHBIA Pe3epB TeHOB, KOHTPOJIUPYIONUX XO3Sii-
CTBEHHO IICHHBIC IPU3HAKN, HAXOAUTCS B TCHO(OH 1€ MHOTO-
YHCIICHHBIX POJICTBEHHBIX MSATKOW MIIEHHIIE BUOB U POIOB.
MHorue U3 HuX 6BIJ'II/I C YCIIEXOM UCIIOJIb30BAHbI IJIs PCHICHUA
aKTyaJIbHBIX 33129 ceIeKInH MTKoi mmenuts (Knott, 1987;
Friebe etal., 1996). B nacrosiee Bpemst 3HaUUTEIbHAS YaCTh
3¢ EeKTHBHBIX TEHOB YCTOMYMBOCTH K OOJIE3HSIM IIPOUCXOAUT
u3 sToro renodonaa (Mclntosh et al., 2013). Onua u3 3P dek-
TUBHBIX METOJIOB MIEPEAauH ICHHOT'O TEHETHYECKOTO MaTepua-
JIa OT IMKHX COPOJINYEH — CO3/IaHKe 1 MCTIOJIb30BAaHUE CHHTE-
THYECKUX FCHOMHO-3aMEILCHHBIX 1 T€HOMHO-I00aBICHHBIX
(hopM B KauecTBE «KMOCTHUKOBY JIJIsI TIEPEIa4l TeHETHIECKOTO
Marepuaia B KyJIbTYPHYIO [IIEHUILY OT AUKUX COPOIUYEH.
B HanmonamsaoMm nientpe 3epra (HLL3) um. ILI1. JIykpsHeH-
KO pa3paboTaH OpUrHHAIBHBIH TTOIX0/I, TO3BOJIMBIIIN CO3/1aTh
CHHTETHYCCKHE TeHOMHO-3aMelleHHbIe (hopMbl ABpojec
(BBAASS), Aposuc (BBAAS"SsM), Apponara (BBAAUU),
Asporara (BBAAN"N"™), Aspoasie (BBAARR), y koTopsIix
reHoM D MSTrKo# mIeHuIbl ObLI 3aMeIeH, COOTBETCTBEHHO,
Ha TeHOMEBI Ae. speltoides, Ae. sharonensis, Ae. umbellulata,
Ae. uniaristatan S. cereale (JKupos u 1p., 1984). Otu popmsl
OBLIIM MCITOJIb30BaHbI JJId nepeaaqyu XO3AHCTBEHHO OECHHBbIX
TEHOB B MATKYIO IIICHHUILY, a TAKXKE JJIsI TOJyYEHHS «BTOPUY-
HBIX» CHHTeTHYeCcKUX GopM (aBostH u ip., 2012). OcHOBHOI
bopmoit 11 cozmaHusl peKOMOMHAHTHBIX CHHTETHKOB ObLlTa
cuHTeTHueckas popma ABponec. OHa o0nagaeT nomydeHHOH
ot Ae. speltoides cioCOOHOCTBIO CTUMYIHPOBATH TOMEOJIO-
THYHYI0 KOHBIoTaruo xpomocoM (Tsatsenco et al., 1993).
Kpowme storo, cuHTeTHYeCKast popmMa ABpPOIEC MPOSBIAET
BBICOKYIO YCTOWYHMBOCTH K JIMCTOBOH pxkaBumHe (Puccinia
triticina Eriks.), sxkenrtoii pxxapunne (Puccinia stiifomis West.),
MYyYHHUCTOU poce (Blumeria graminis f. sp. tritici), a Taxxe
OTJINYAETCs MOBBINICHHBIM coiepkanneM oOesnka. [Ipennona-
raJjoch, 4To o01He 1yisi BceX popM reHoMbl BA Msrkoii miire-
HUIBI MOTYT CTaTb OCHOBOM [UIS BO3MOXXHOTO PEKOMOMHA-
IIMOHHOTO ITPOIIecca MEXK/Ty XPOMOCOMaMH JIBYX Pa3IMYHBIX
TeHOMOB JIMKUX BHUOB. Taknue hopMbl MOXKHO HCIIOIB30BATh
JUTSL TIOTYYEHHUSI MHOXXECTBECHHBIX MHTPOTPECCUH, HOBBIX
TPAHCIIOKAINil, OHM CHOCOOCTBYIOT B OT/ECIBHBIX CIydasx
nepeade reHeTHYecKoro MaTeprasa oJJHOBPEMEHHO OT JIBYX
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JKopacTyiux BuioB. Ot ckperuBanusi Gopmbl ABpojec ¢
JPYTUMH T€éHOMHO-3aMEeIeHHBIMHU (pOpMaMU ObIITH Oy IEHBI
cunrernaeckne Gopmsl (RS-dopmbl), y KOTOPBIX NEpBbIE
JIBa TeHOMa, A U B, mpoucxoaar ot MArKOH MIIEHUIIBI cOpTa
ABpopa, a TPEeTHil TEHOM COYEeTaeT XPOMOCOMBI TeHOMa S
otT Ae. speltoides ¢ XxpoMocoMaMH JIpyT'HX AWKHX BUIOB:
Ae. umbellulata (U), Ae. sharonensis (SY), Secale cereale (R)
(HaBosH 1 1p., 2012).

B Hacrosimeit pabore npuBeseHB! pe3yabTaThl CO3/1aHMS,
MOJIEKYJISIPHO-IIUTOJIOTMYECKOTO aHAITM3a U OLIEHKH 10 YCTOM-
YUBOCTH K TPHUOHBIM OOJIE3HAM HHTPOTPECCUBHBIX JTHHUH
MSITKOHM TIIEHMIBI, TOJyYSHHBIX C HCIOIb30BAHUEM CHHTE-
tuueckoit popmbl RS7 (BBAASU) (ABponara x ABponec).

Matepwuanbl n metogbl

HcxoaHbIM MarepraioM ObLIIH HHTPOTPECCUBHBIEC JIMHUH MSIT-
koii muennns! (BC,F,—BC,F;), nonyuennsie ot nocnenosa-
TEJILHBIX CKPEIINBaHNN cUHTeTHYecKoi (opmbl RS7 ¢ Boc-
[IPUMMYMBBIMU K JIMCTOBOU prKaBUMHE, XKEJITOM PiKaBUUMHE
U MYYHHCTOH pOCE COpPTaMM MSTKOM MIIEHUIIBI CEJIEKIIUH
HII3 um. ILIL Jlykesnenko: Kpacnonapckas 99, @umr u Poc-
tucnas. Copt Poctrcias HeceT B cebe paxaHyto TPAaHCIOKALUIO
IRS.1BL. Copt ®umr nmeet Tpanciokaruio SBS.5BL-5GL
 3aMetieHHbie Xxpomocombl 1D(1DY) u 6D(6DY), monyueHHbIe
ot BunoB 1. militinae, Ae. tauschii yepe3 CUHTETHYECKYIO
bopmy T. miguschovae.

Konproranmio xpomocom B Metadase I meiioza msyuann
Ha JaBJICHBIX Iperaparax, OKpalIeHHBIX YKCYCHOKHCIBIM
TEeMaTOKCHUIIMHOM. {11 MIPUTOTOBIEHHUS MaTOYHOTO PacTBO-
pa reMaToKCHIIMHA Opayu 4 T TTIOPOIIKa FeMaTOKCHIINHA, | T
JKeJlie30-aMMHaYHbIX KBacloB, gooauian g0 100 mur 45 %
YKCYCHOH kmcioToi. PeakTuB co3peBan B TeueHue 160 u
B TeMHOTe B TepMmocTare npu noporpese 1o 40 °C. Ilomy-
YEHHBII pEakTUB YEPHOTO I[BeTa (PUIIBTPOBAIIN C IIOMOIIBIO
CKJIa4aToro (puibTpa W OCTaBISIN B TEMHOW OyThUIKE Ha
XpaHEHHE B XOJOMWIbHUKE. J[IsI OKpammBaHHs KOJIOCKOB
IILIEHUIBI, B3ATBIX B CTaIMH IIPOXOXKACHHS MeH03a, PEaKTHB
pas0asism 45 % ykcycHol kucioroi B 1.5-2 pasa. [Ipensa-
puTespHO 3aduKcupoBaHHbIe B (hukcatope KapHya Komochs
(ITaymea, 1974) okpamuBanu pa30aBieHHbIM PacTBOPOM
TeMaTOKCHINHA B TepMocTare pu 25 °C B Teuenne 1-2 cy-
TOK. B Mefio3e moacunThiBany yucio Ou-, yHU- 1 MyJIbTHBA-
JICHTOB.

3apakeHHe U OIEHKY 0 YCTOMYMBOCTH K OOIE3HSIM pac-
TEHUH BO B3POCIIOH CTa IH NPOBOAMIIN B TIOJIEBBIX YCIOBHUSX.
[Tomynauuro NMHUAN 3apaKaau CMECHIO YPEILOCIIOP JKEITOU U
JIMCTOBOM PXKABUMHBI, COOPAHHBIX C PA3HBIX COPTOB MIIEHNIIBI
B (hazax BeIX0OJa B TPYOKy M TpyOKa—KOJIOIIEHHE COOTBET-
CTBEHHO. YCTOMYMBOCTb K JKEJITOM PKaBUMHE ONPEACIIIN
o mkaie ['accuepa u IlItpaiiba B a3y MomodHOI cienoctn
3epHa (Gasner, Straib, 1934). Yder nmopaxeHus JINCTOBOMH
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Ta6nuua 1. leHbl yCTOIZLIVIBOCTVI K IMCTOBOM PKaBUYMHE N XapPaKTepUCTnKa I'IpaVIMepOB, NCNOJIb30BaHHbIX ANA UxX VI,D,EHTVI(I)VIKaLl,I/IVI

leH Mpanmep

Ycnoua amnandrkaumm GparmeHToB
Typa omxura, °C)

Pasmep ¢parmeHTa, JlutepaTypHbIN NCTOUHUK

FJ13/2

PKaBYMHOW MPOBOIMIM B (pasy MOJOYHO-BOCKOBOI cIIeno-
CTH 3€pHa 10 MeXyHapoIHO wwKkane Maitnca u [xekcona
(Mains, Jakson, 1926). K ycTOWYHBBIM OTHOCHIIM PAaCTEHUS
¢ TnnoM peaknnu 0 (MMMyHHBIE), | (BBICOKOYCTOHYMBEIC) U
2 (ymepeHHO ycToW4uBBIE). PacTeHHS ¢ MPOMEXYTOUYHBIM
oM peaknnu ot 0 10 1 (eqMHUIHBIE OYeHb MEJIKHE ITyCTY-
JIBI C HEKPO30M) obo3Hadanm 6amiom 01. K BocipurmMunBeiM
OTHOCHJIM pacTeHus ¢ TUIoM peakuuu 3—4. OLeHKy yCToil-
YMBOCTH K MYYHHCTOH poce MPOBOIMIN HA €CTECTBEHHOM
nH(EKINOHHOM (oHe B a3y KoJomeHus 1o mkae [emene
(ITepecwinkun, 1979). Pactenus co cTeNeHbIO MOPaXKEHUS
My4HUCTOH pocoit 0-20 % cunTanuch yCTONUUBBIMH.

JHK Bbinensuin u3 5—7-AHEBHBIX STHOIUPOBAHHBIX MPO-
POCTKOB MIIEHHIIBI 110 MeToy [Lnarike ¢ koyteramu (Plaschke
et al., 1995). UnenTuduxannio reHOB L7 OCYIIECTBISIIA C
MTOMOIITBI0 METO/Ia IoTmMepasHoii ermHor peakiuu (ITHP) ¢
npaiiMepamMu, MapKUPYIOIUMU TeHbl Lr9, Lr28, Lr35, Lr47,
Lr51 u Lr66. TlpaiimMeps! monbupaiy Ha OCHOBAaHHUH JINTEepa-
TYPHBIX JaHHBIX, UX HAa3BaHUS M yCIOBUS aMIUTM(UKAINU
NpUBE/CHBI B Ta0. 1.

Peaxrmonnas cMech 066eMoM 25 MK comeprkana 1 x Gydep
qutst Tag-AHK-ommepassr (50 MM KCl, 20 MM tpuc-HCl,
pH 8.4, 2-5 mM MgCl,, 0.01 % TtBuH-20), 2 MM MgCl,,
mo 0.2 MM kaxmoro dNTP, 12.5 MM kaxxmoro mpaiimepa,
50 ur IHK u 1 en. Tag-nonumMepassl. AMITIH(UKAINIO BEIH
COIVIACHO YCJIOBUSIM, NPUBEJICHHBIM B Taln. 1, ¢ He3Hauu-
TenpHBIMA Moandukarwsiva. [Ipoxgykrsr TP pasmemnsimu ¢
HCIIONIb30BaHNeEM AMekTpoopesa B 1.8 % arapo3nom rerne ¢
0.5% 0ydepom TBE. I'estn okpamniiBain OpoOMHUCTHIM STHIHEM
1 oTorpagupoBaIU B yIETPAPHOIETOBOM CBETE C TIOMOIIIBIO
(oroboxkca Infiniti 1000.

B kauecTBe MONOKUTEIBHBIX KOHTPOJIEH JUIs ompesene-
HHSI TEHOB OBbIIM UCTIOJIB30BAHBI TIOYTH N30T €HHBIE JIMHHUHU COp-
ta Thatcher ¢ reHaMu yCTOWHYMBOCTH K JINCTOBOH prkaBUMHE
Lr9 (TcLt9) u Lr35 (TcLr35), B xauecTBe OTpHULIATEIBHOTO
KOHTPOJIS OBIT BOCHPUMMYHBBIN K JINCTOBOH pXKABUMHE COPT
ABpopa.

Juddepennunansroe okpamuBanue xpomocom (C-banding)
ocymecTBisua B UHCTHTYTE 001I1ei reneTnku nM. H.U. Ba-
BHJIOBA 110 METOANKE, pa3paboTaHHOIl B Taboparopuu (HyHK-
LIMOHAIBHOM MOpostorin XxpoMocoMm MHCTUTYTa MOJIEKYIISIp-
Hoii 6nonorun uM. B.A. Durensrapara PAH (Badaeva et al.,
1994).

@nyopecuentnyio in situ rubpuamnzamuro (FISH) nmposo-
nuu B MacTuTyTe niutonoruu U renetuku CO PAH no panee
omybonukoBanHON Metoauke (Salina et al., 2006) ¢ mpumeHe-
HreM 30H10B pScl19.2 (Bedbrook et al., 1980) u pAs1 (Ray-
burn, Gill, 1986) mnst naenTudukanuu xpomocoM (Schnei-
deretal., 2003), Speltl (Salina et al., 2004) — 1151 BBIIBIECHUS
TeHETHYECKOTO Marepuana Ae. speltoides B mccineryeMbIx

JIMHUAX.

Pe3ynbratbl

Cunrernyeckasi popma RS7 nposiBiisiia BBICOKYI0 yCTOWYH-
BOCTb K JINCTOBOH U JKEJITOM prkaBUMHE U MyUYHHUCTOM poce, HO
OblTa MOJTHOCTBIO CTepHIIbHA. [IJ1s Iepeiadn yCTOHYMBOCTH U
BOCCTaHOBJICHHS ()ePTHIILHOCTH 3Ty (POPMY HOCIIEI0BATEIILHO
CKPEIIMBAIIH C BOCIIPUUMYHMBBIMHU K 3TUM OOJIE€3HAM COPTaMHU
Msrkod muenunsl Kpacuopapekas 99, @uwr u Pocrucnas.
[lepBoe mokojeHUE THOPUIHBIX PACTCHUI OBLIO YACTHYHO
(hepTUIABHBIM JTHOO TOTHOCTBIO CTEPUIIBHBIM U TaKXKe Ipo-
SBISUIO YCTOHYMBOCTD K KOMIUICKCY OOJIE€3HEH IIICHUIIBI.
B 3aBucuMocTu OT ypoBHSI (epPTHIIBHOCTH 3THUX PACTECHUIA
TIPOBOAMIIN OEKKPOCCHUPOBAHNE MATKOHM MeHwuieil or 1 no
3 pa3, HO B OOJNBIIMHCTBE CIy4acB ISl €€ BOCCTAHOBICHUS
OBLIO TOCTATOYHO JIBYX OckkpoccoB. [lomydyeHHbIC OT OEK-
KpoccoB pacterns umenn oT 40 10 42 xpomocom. Pesynbrars
IIUTOJIOTMYECKOTO M3YYCHUSI XPOMOCOMHBIX aCCOLMALNN B
meradase | Meiiosa npuBeieHs! B TaoI. 2.

B nepBBIX MOKONIEHHUSAX PACTECHMH, MOIYUYEHHBIX OT OEK-
KpPOCCOB C MSTKOH MIICHUIEH, HabmroaaeTcst 00IpIIoe Ko-
JIMYECTBO pacTeHui ¢ MysbruBaneHtamu (80 %), kotopoe
CYIIECTBEHHO yMeHbIaeTcs (710 8.2 %) o Mepe yBeIndeHUsI
yrciaa 6EKKpoccoB U 0TOOpa (epTHIIBHBIX PacTeHU ¢ HyX-
HbIMM IIPU3HAKAMU B CJIEAYIOUIUX MOKOJIeHUsAX. [Ipumepsl
KOHBIOTAITNH XpoMocoM B MeTadase | melio3a y THOPHIHBIX
pacTeHui Moka3aHsl Ha puc. 1.

B pesynbrare or60pa 42-XpOMOCOMHBIX PACTEHHIA CO CTa-
OWMIIBHBIM NPOTEKAaHWEM MeH03a U3 MOIMYISIUNA THOPUIHBIX
pacrenuit RS7x T aestivum noxonenus BC,F~BC;Fy no-
aydeHo 130 nunwmii. B HacTosmel craThe MpencTaBiIeHBI
pe3ynbTaThl n3ydeHus 14 auHuH, Hanboliee MHTEPECHBIX 10
CBOMM MOP(]0-0HOIOTMYECKUM TIPH3HAKAM.

[Tockonbky maBHOM 3amadelt ABJsUIaCh nmepeaada ot RS7
MSTKOH MIIEHUIIE YCTOWIUBOCTH K OOJIE3HM, JIMHUH OL[CHU-
BAJIUCH 110 YCTOHYMBOCTH K HanOoJIee pacrpoCTpaHEHHBIM 1
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Tabnuua 2. XapakTteprcTrka rmépugHbIX pacTeHui
RS7 x T. aestivum nokonenusa F, n (BC, F,-BC; F,)
no Hannuunio MysnbTUBaNeHTOB B MeTadase | meriosa

The development and study of common wheat
introgression lines derived from the synthetic form RS7

Ta6nuua 3. XapakTepucTrika MHTPOrPEeCCUBHDBIX JINHWN
RS7 X T. aestivum no ycToN4mMBOCTU K KOMMeKcy 6onesHen
nweHunubl (2017-2018 rr.)

MNokonenune Bcero N3yYeHHbIX

pacTeHuin

Kon-Bo pacteHun
C MynbTVBaneHTamu

Puc. 1. KoHbloraums xpomocom B MeTadase | meino3a y ru6puraHbIx pac-
TEHWI.

a - F; RS7xKpacHopapckas 99 (12+6!+1Vil+1V) (42 xp.); 6 - BC3 (RS7X
KpacHopapckas 99) x Poctucnas (16! + 5!+ 1V). Crpenkamu 0603HaueHbl Mysnb-
TUBaNeHTbI.

BPEIOHOCHBIM OOJIE3HIM — JIMCTOBOH M JKEITOH prKaBUMHE U
MYYHHUCTOH poce. B Tabi. 3 nmpuBeneHa nx XxapakTepuCTHKA
3a2017-2018 rr. Bee 14 nunuii ObUTH yCTONYMBBI K JINCTOBOM
prkaBunHE. BBICOKYIO pe3UCTEHTHOCTH ¢ THIIOM peakimn 01
u 1 umenu 6 nununii: 3379014, 4581116, 46621116, 4665116,
4991117 u 5026m17. OcranbHble TMHUKA 001l CpeTHEN
YCTOHYMBOCTBIO K 3TOH 00J7e3HU. PE3MCTEHTHOCTH K JKel-
TON pKaBUMHE HECNIH Takxke Bce 14 nuHui, 3 U3 KOTOPBIX,
4581m16, 46231116 u 4626116, UMEIOT TUI peaklUu Ha 3a-
paxkenue 01. YCTOHYMBOCTD K MyYHHCTOH pOcCe MPOSBIIIN
12 aunHui.

Oco0y10 LIEHHOCTD JUIsl CEJIeKLUH TPEJCTABISIOT JIUHUH,
YCTOIYMBBIE K KOMIUIEKCY Oose3Hei. [IBe muuum, 4665116 n
4670mn16, nmenu rpynmnoByr0 yCTOMYMBOCTD K ABYM U 12 mu-
HUIl KO BceM Tpem Oosie3HsM. Clenyer OTMETUTh JIMHUU
3379114, 4581116 u 4991117, obnagaroniue BEICOKOI pe3u-
CTEHTHOCTBIO KO BCEM TpeM OOJIe3HsIM.

Pa3Hb1ii THI peaKkiyy JINHUH [0 YCTOWYUBOCTH K IMCTOBOM
P’KaBUMHE MOXKET CBHETEILCTBOBATH O PA3IMUHBIX HHTPO-
TPECCHSIX UY)KEPOJHOTO IeHETHYECKOr0 Marepraia B TeHOM
MSITKOM MIIeHUIbI. st Toro 4ToObl BBISCHUTH IIPUPOAY I1e-
peIaHHOTO MaTepHaja OT CHHTeTHIeckoi (hopmbl RS7, Opumm
ckpemensl 10 n3ydaeMbIX JUHUHM C OJHUM M3 Hanboiee

830

Ne nuHuN, copTa YcTonunBocTtb
KNUCTOBOW  KXKENTOM K MyuHUCTOM
pXKaBunHe, pXaByviHe, poce, %
6ann 6ann

........................................ 2 220
........................................ 0 1215
........................................ 0 10115
........................................ 2 120
........................................ 2 215
........................................ 2 0115
........................................ 2 0115
........................................ 2 220
........................................ 1120
........................................ 1225
........................................ 2 125
........................................ 2 220
........................................ 1115
........................................ 1220
4 ........................ 3 ......................... 2 5 ....................
........................................ 3 330
........................................ 3 330

MEHOTHYECKN CTaOMIIBHBIX COPTOB MATKOH mmeHuIsl Kpac-
Hojapckas 99 u usydeH Meio3 y rudpuios F, (tabm. 4).

Accolmarys XpoMocoM y rHOpHIHBIX pactennii F, 2011+2!
n 191+4! Moxer cBHIETENHCTBOBATH O 3aMEIICHUN OIHOI
WUTH JIBYX TIap MIICHUYHBIX XPOMOCOM Ha yXeposHble. Takue
3aMeIleHNs] MOTYT ObITh y 8 nuHui 13 10 aHATU3UPpYyeMbIX —
3379m14, 4581m16, 4586116, 46231116, 46261116, 4635116,
4662116 1 4671116. Hanmmune MyasTHBAICHTOB y THOPHIOB
¢ muausmu 3379m14 (0.5 %); 4626116 (1.7 %); 4635116
(2.9 %); 4662116 (2.3 %) n 467116 (1.9 %) cBunerens-
CTBYET O TOM, UTO 3TH JINHUU MOTYT HECTH TPAHCIOKAIIUH OT
cunreruka RS7 u coproB @umrt u Poctucnas.

Jnst uaeHTHUKANA IEPECTPOEK XPOMOCOM M M3MEHe-
HUH B TEHOME Y MHTPOI'PECCUBHBIX JIMHUH HaMHU ObUIN HC-
M0JIb30BaHbl METO/IbI AU (PEPEeHINATBLHOIO OKpAIINBAHHS
xpomocoMm (C-banding) u ¢uryopectieHTHOH in sifu THOPH-
muzanun (FISH). [Ipumenenne merona nuddepennnansHoi
OKpacKu XpoOMOCOM Jis AByX JuHui, 5026117 n 4991mul7,
C TEHETHYIECKUM MaTrepraioM RS7 o3BOIHIIO0 BBIIBUTE Y HUX
HEHM3BECTHHIC paHee MePECTPONHKH U 3aMELICHUSI XPOMOCOM
(puc. 2). Jlunus 5026117, kxpome U3BECTHON TPaHCIIOKALIUH
1RS.1BL, mmeet 3amenieHre XpoMocoMbl 5D Ha XpoMocomy
5S ot Ae.speltoides. Jlunus 4991117 necer 3amemenns 7D
(7S) ot Ae. speltoides u 6D (6D) ot npyroro Buna Aegilops.
[IpenmonoxurensHoO, 3amenienne 6D (6D*) mpoucxoant ot
copra-penunuenTa OuiT, KOTOpHIi, B CBOIO OYepeb, IO-
Jyum 91o 3ametenue ot 7. miguschovae (GGAADD), B ko-
TOpOY MPHUCYTCTBYET TeHoM D oT Ae. tauschii (1aBostH u 1p.,
2012).
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Tabnuua 4. AHanu3 meio3a B MeTadase | B MaTEPUHCKMX KNeTKax nbinbLbl y rmbpuaos F,,
NMOMYYEHHbIX OT CKPeLYBaHMA LUTONOTMYECK CTabunbHbIX MHWIA RS7 X T. aestivum c coptom KpacHopapckas 99

PacTtuTenbHbI MmaTepuran M3yueHo kneTok 21" 9%

20"+2', % 19"+4 %

KneTku ¢ MynbT/BaNeHTamMu, %

a 1 2 3 4 5 6 7 6 1 2 3 4 5 6 7
L s
y S %) %9 % { ,
A :u .o K A ‘
r ® ' S
‘ * 3% " . e . .
* 6 s e " ;o
B —, B : i
v‘-‘ - "o
. Y
T1RS1B'L n
v ne aa b ‘?
D ¥y <2 - Y Py =y x D
i “g

7S

Puc. 2. KaproTunbl MHTPOrpeccuBHbIX IMHUIA: d — 5026Nn17; 6 — 4991117 C reHeTUYeCKM MaTeprianioM peKOMOUHAHTHON CHHTe-

Tyeckon popmbl RS7.

C ucnonb3oBaHuEeM MeToaa (GIyOpPEeCIeHTHOH in situ THO-
puaM3anMK MpoaHann3upoBaHo 12 muHuit (Tabdm. 5). Xpo-
MOCOMHBIE MepecTpoiku 3aTpoHyau 10 u3 12 u3ydeHHBIX
JIMHUHI. Y4dacTue XpoMOCOM reHoMa A B IepecTpoiKax He
ycraHoBieHo. [lepectpoiikn xpomocom reHoma B ompene-
neHsl y 8 nmuHuil U reHoma D — 11 nunmii. Hanbonee yacto
MIEPECTPONKH 3aTparuBaroT XpoMocoMsl 5B (6 nmunawuit) u 2D
(4 nuuaum). B OonbIIMHCTBE CIy4aeB JIMHUK HECYT TpaHC-
nokanuu ot Ae. speltoides. TpaHCcIOKaIlM OT 3TOTO BUAA
UACHTUPHUIHUPOBAHBI Ha Xxpomocomax 1D, 2D, 3D, 5D, 7D,
4B, 5B. BpIsIBII€HBI TaK)Ke JTUHUH € 3aMELLIEHUEM XPOMOCOM
MIICHUIIBI Ha XpOMOCOMBI Ae. speltoides: 1B(1S) u 4D(4S).

JIuHMiA, HeCYIMX TPAHCIOKALMH U 3aMELLIEHHBIE XPOMOCO-
MBI TOJBKO OT Ae. umbellulata, ne o6Hapy:xeHo. B 1o sxe Bpemst
JIBE JIMHUM HECYT OJJHOBPEMEHHO F€HETHYECKUI MaTepua OT
Ae. speltoides u Ae. umbellulata. B muamm 3379114 (puc. 3, a)
onpenenensl Tpanciaokauuu: T7DL.7DS-7US B kopoTkom
mwiede xpomocombl 7D ot Ae. umbellulata v Ha maedax
xpomocoMm SBL, 1DL, 2DL ot Ae. speltoides. Kpome 3T0TO,
y 9TOW JIMHNU OOHAPYKEHO 3aMelieHne XxpoMocoMsl 4D Ha

xpomocomy 4S Ae. speltoides. Jluans 4626116 (cMm. puc. 3, 0),
MPEANONIOKUTENBHO, UMeeT TpaHcsokanuto T2DS.2DL-2UL
Ha JUTMHHOM Iuteue XpoMocoMbl 2D ot Ae. umbellulata w
TpaHCIOKAIIo B XpoMocome 7D ot Ae. speltoides. B neit
MOTYT IIPUCYTCTBOBATh TAKKE TPAHCIIOKAINY OT Ae. speltoides
Ha xpomocoMax 5B u 7B. Cnenyer oTMETHTh, UTO TpaHC-
nokarmu T1DS.1DL-1SL, T2DS.2DL-2UL, T7DL.7DS-7U
U XpOMOCOMHOE 3amertieHue 4D (4S) momydeHs! BIiepBEIC.

BrIsiBIIEHHBIE HHTPOTPECCUBHBIC JIMHUH MPEICTABIISIOT
0COOBIN MHTEpEC KaK BO3MOKHBIE TOHOPHI HOBBIX T€HOB
YCTOWYMBOCTH K OOJIE3HSAM, B YaCTHOCTH K JINCTOBOH PIKaB-
YHHe, epeJaHHbIX OT BUJIOB Ae. speltoides n Ae.umbellulata.
B Hacrosimiee BpeMs B KaTajor T€HHBIX CHMBOJIOB ITIICHH-
Il BHECEHO IIECTh I'€HOB YCTOWYMBOCTH, MEPEJAHHBIX OT
Ae. speltoides: Lr 28, Lr 35, Lr36, Lr47, Lr51, Lr66 w onux
reH, Lr9, ot Ae. umbellulata (Mclntosh et al., 2013).

Jlist mocTynsyy TeHOB yCTOMYNBOCTH K JINCTOBOM PrKaB-
YHHE B I€HOME TOJIY4YCHHBIX HAMU JIMHHUN HCIOJIb30BaIH
JHK-mapxepsr. Panee (HaBosia u 1p., 2012) 6511 mpoBeacH
aHaJIN3 CUHTETHYECKOH (OpMBI ABpoOjieC Ha NPHUCYTCTBUE
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Tabnuua 5. Pe3ynbTtaTthl aHanM3a MHTPOrPECCUBHBIX NMMHUIA RS7 X T. aestivum meTofiom GpryopecLeHTHO in situ rubpuansaumm

JnHmnA McTouHUK vyxepogHoro BblABneHHble TPaHCIOKaunn 1 3aMmeLlleHnaA
reHeTn4yeckoro matepuarsna

4572n16  Ae. speltoides MonHbIN Habop XPOMOCOM MLLEHULIbI. XPOMOCOMHbIE NEPECTPONKIY He BbIABNEHbI
Ae. umbellulata
3379n14 Ae. speltoides T1RS.1BL; T1DS.1DL-1SL; T2DS.2DL-2SL; T5BS.5BL-55L; 4D(4S); TpaHcnokaunsa unu geneuns B 6DL
Ae. umbellulata T7DL.7DS-7US
4581n16  Ae. speltoides 1B(1S), T5BS.5BL-5S5L
Ae. umbellulata He BbisiBNeHbI
4586n16  Ae. speltoides T1RS.1BL; T3DS.3DL-3SL
Ae. umbellulata He BbisiBNeHbI
4607n16  Ae. speltoides MonHbIN HABOP XPOMOCOM MLLIEHULIbI. XPOMOCOMHbIE NEPECTPONKI HE BbIABMEHDI
Ae. umbellulata
4623n16  Ae. speltoides T1RS.1BL; T5BS.5BL-55L
Ae. umbellulata He BbisiBNEHbI
4626n16  Ae. speltoides T7DL-7SL.7SS; T5BS.5BL-55L
Ae. umbellulata T2DS.2DL-2UL
4635n16  Ae. speltoides T1RS.1BL; T2DS.2DL-2SL; T5BS.5BL-55L
Ae. umbellulata He BbisiBNEHbI
4662116 Ae. speltoides T1RS.1BL; T5D
Ae. umbellulata He BbisiBNEHbI
4665n16  Ae. speltoides T5BS.5BL-55L
Ae. umbellulata He BbisiBNeHbI
4670n16  Ae. speltoides T1RS.1BL. Bo3moxHadA TpaHcnoKauumsa ot Ae. speltoides Ha AnnHHbBIX Nieyax napbl HenaeHTUdu-
LIMPOBaHHbIX XPOMOCOM reHoma A
Ae. umbellulata He BbiABNEHbI
4671n16 Ae. speltoides T1RS.1BL; T2DS.2DL-2SL; T4BS (HeycTaHoBneHHOW NpupopAbl); T5BL (HeycTaHOBNEHHON NpUpPOAbI)
Ae. umbellulata He BbiABNEHDI

pSc119.2

Puc. 3. [nbpuausauws in situ: a — c 3oHgamu Spelt1 (KpacHbliin) n pSc119.2 (3eneHbiin) Ha MeTadasHbIX XpOMOCoMax nuHUY 3379n14;
6 — c 3oHgamu pAs1 (3eneHblin) 1 pSc119.2 (KpacHbln) Ha MeTadasHbIX XPOMOCOMax NMHUN 4626 n16.

T€HOB YCTOHYMBOCTH K JINCTOBOW pkaBumue Lr28, Lr3)J, YcTaHOBIIEHO, UTO CHHTETHYECKast popma ABpojieC UMeeT
Lr47, Lr51 u popmbl ABponata — Ha Hanmune TeHa Lr9. [eH U3 mepeyrcIeHHBIX TeHOB TONbKO Lr28, Lr35 u Lr51. B cun-
ycroiunBocTH Lr36 B aHaIM3 He ObLI BKIIIOUEH B CBSI3U C OT-  TeTHYecKol (hopme ABposiara ObUIO MOATBEPIKICHO HATHYHE
CyTCTBHEM 3(PPEKTHBHOTO MOJEKYIIPHOTO Mapkepa K HeMy.  reHa Lr9. Vicxoas u3 3Toro, moMydeHHBIE HHTPOTPECCHBHEIC
Wnentudukanmio rena Lr66 Ha JTaHHOM 3Tare He IPOBOAWIN.  JIMHWY aHAIN3UPOBAJIH TOJIBKO Ha HAW4ne y HUX 3pdexTus-
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Co3flaHue 1 n3yyeHne NHTPOrpeccUBHbIX TMHWUIA MATKON
MNLWEeHULbI, NOyYeHHbIX Ha OCHOBE CUHTETUYeCKo dopmbl RS7

Puc. 4. dnektpodoperpamma NpoayKTOB aMnavduKaLmy, NOJyYeHHbIX C UCMONb3oBaHMeM napbl npaimepos, CS421570-R
1 CS421570-L, K AMarHocTuyeckomy Mapkepy, CLiernseHHOMY C FeHOM YCTOMUMBOCTY K IMCTOBOW pxaBuviHe Lr28.

1 — mapkep AnuHbl; 2 — TcLr28; 3-14 — nHTporpeccuBHble NMHUK; 9 — nnHWA 4991n17; 15 - ABponaTa; 16 — ABpogec; 17 — copT ABpopa.

HBIX T€HOB YCTOMYHMBOCTH K JIUCTOBOM pakaBunHe Lr9, Lr28,
Lr35SulLrsl.

B ananm3 6pu10 BKITIOYEHO 12 TMHUHA, KpOMe ABYX JIMHUH,
4572116 14607116, B KOTOPBIX, O PE3yNBTaTaM [IUTOJIOTHYE-
CKOTO aHaJI13a, He OBbUIO BBISIBIICHO YY)KEPOIHBIX HHTPOTpec-
cuii. Tonpko y omHOM TrHAN, 49911117, ycTaHOBIEHA aMITITH-
¢ukanus dpparmenta st Mapkepa SCS421, criennpuaHoro
Juist rera Lr28 (puc. 4). B ocTaJIbHBIX JINHUSIX HCKOMbIC T€HBI
MapKepHbIM aHaJIN30M HE OOHAPYKEHBI.

O6cyxpeHue

OCHOBHOI#1 MPaKTHYECKOH 3a1a9eii TIPH CO3TIaHUN 1 HCTIONTB30-
BaHWY CHHTETHYECKOH (opMbI RS7 Oblita BO3MOXKHOCTH TIepe-
Ja4u ot Ae. speltoides n Ae. umbellulata MATKOW TIIICHULIE HO-
BBIX T€HOB yCTOWYHMBOCTH K Ooe3HsaM. Takast paboTa ocCHOBa-
Ha Ha IOJTyYeHUH HHTPOTPECCUBHBIX JIMHUH C TeHETHYECKUM
MareprajIoM OT ATUX BUJIOB. AHAJIN3 KOHBIOTAI[H XPOMOCOM
B MeTadase | Meiioza y rTHOPHIHBIX pacTeHHUH, MOTYyYSHHBIX
oT ckpemmBaHus RS7 ¢ Msrkol TieHUIEH, BRITBIII OOJTb-
1I0€ KOJIMYECTBO PacTeHuii ¢ MyabrusanenTamu (80 %) B F,
KOTOpOE TI0 Mepe YBEIMYEHHUS Yrcia OEKKpPOCCOB M 0TOOpa
(hepTUIBHBIX PACTEHUH C HYKHBIMU TIPU3HAKAMH B CIICYIO-
[IMX MOKOJICHHUSAX CYIIECTBEHHO YMCHBIIIIOCH (110 8.2 % B
BC,). Ilpu nony4yeHun peKOMOMHAHTHBIX CHHTETUYECKHX
(hopM reHOMHO-3aMereHHas (hopMa ABpPOJIEC HCIOIB30BaHa
HaMU He TOJIbKO KaK HCTOUHHK IIEHHBIX T€HOB YCTOWYNBOCTH
K OOJIE3HSIM, HO 1 KaK ITPOMOTOP TOMEOJIOTMYHOI KOHBIOTAIIN]
XpoMOcoM. MOXHO TIPEIONIOKNTh, YTO Hanboiee aKTUBHO
TOMEOJIOTHYHAs! KOHBIOTAIUS XPOMOCOM OCYIIECTBIISIIACh B
MEPBBIX MOKOJCHUSAX. B MOMynsayuy ruOpuIHBIX pacTeHUi
MIPOMCXO/IMII €CTECTBEHHBIH 0TOOp, CTAOMIM3UPYIOIINHA KO-
JIMYECTBO XPOMOCOM U UX aCCOIMALIUIO B MEH03€ B CTOPOHY
MArko# muenunpl. Takum oOpasom, B nokosnennsx BC,—BC,
MO>KHO OBUTO MPOBOANTH 0TOOP (hepTHIILHBIX PACTEHHH C TO-
JIE3HBIMHU TIPH3HAKAMH.

OTtob6pannsie s m3ydenus 14 muauit RS7x T, aestivum
noxonenus BC,F ~BC;F, paznuyanuck o ycToH4uBOCTH K
JIMCTOBOMH U JKENTON paKaBUMHE M MyYHHCTOHN poce. Brisapie-
HBI JIMHUW C TATIAMH PEAaKIHU K JTUCTOBOH pikasumue 01, 1
u 2, k xentoit pkapunne 01, 1 1 2, co cTeneHblo NopakeHus
My4yHHCTON pocoit 15 u 20 %. JIuHNM OTINYaOTCS TakkKe Mo
YCTOMYMBOCTH K KOMIUIEKCY ITEPEUHCICHHBIX Oone3Heil. Pa3-
HOOOpa3ue JIMHUH 110 YCTOWIMBOCTH K OOJIE3HSIM MOXKET CBH-

JICTEITLCTBOBATD O PA3TMYHBIX HHTPOTPECCUSIX TeHETHIECKOTO
Matepuaia RS7 B reHoMe MSTKOM MIIEHUIIBI M BO3MOXKHOMN
nepeaade HOBOTO TeHa(0B) YCTOMIHUBOCTH.

Huronornueckuii ananu3 (C-banding u FISH) BersiBun
XPOMOCOMHBIE IiepecTpoiiku y 12 u3 14 nuHuii. YcTaHOBIIEHO,
YTO TeHETHUYECKUI MaTeprall OT CHHTeTH4IecKoi popmer RS7
B M3YYCHHBIX JIMHUSX TPECTaBICH Kak B GopMe TpaHCIIo-
Kallui, TaKk ¥ B BUJI€ 3aMELIEHHbIX XpoMocoM. HecMoTps Ha
HEOOJIBIIOE KOJIMUECTBO U3yUCHHBIX JIMHUI, OBUIO BBISIBICHO
12 XpoMOCOM € HHTPOTPECCHUMH, IPU 3TOM B OCHOBHOM HEpe-
CTpoWKamMH OBLTH 3aTPOHYTHI XpPOMOCOMBI reHOMOB B (4 xpo-
Mocomsbl) 1 D (7 xpomocom) msrkoit rimeHus!. [lomy4dennsre
pe3ynbTaThl BIOJHE 0kuaaeMbl. OHM 0OBSICHSIIOTCS, BO-TIEp-
BBIX, TEM, UTO B CHHTeTHYEeCKHX (popmax ABponec (BBAASS)
n ABpomnata (BBAAUU) renom D MsTKOH NIIICHATIHI 3aMETIEH
Ha reHOMEI S Ae. speltoides u U ot Ae. umbelllata, Bo-BTOpPBIX,
Ae. speltoides siBsIeTCs BEPOSTHBIM JOHOPOM reHoma B wu,
B-TPETBUX — CIIOCOOHOCTBIO CHHTETHKAa ABPOJIEC CTUMYIIHU-
pOBaTh FOMEOJIOTHYHYIO KOHBIOTAINIO XpoMocoM (Tsatsenco
etal., 1993). Oco0o ciiemayeT OTMETHTh OOHAPYIKCHHBIC BIIEP-
BbIe Yy MATKON MIIeHuIsl Tpancmokanun: T1DS.1DL-1SL,
T2DS.2DL-2UL, T3DS.3DL-3SL, T7DL.7DS-7U, Tak xak
OHU MOTYT OBITh BEPOATHBIMU MCTOYHUKAMU HOBBIX T'€HOB
YCTOMYUBOCTH K OOJIE3HSIM, B YACTHOCTH K JIFICTOBO piKaB-
YHHE.

Y HEKOTOPBIX JMHUHN Pe3yNbTaThl IIUTOJOTHYECKOr0 aHa-
JIM3a U OIIEHKH TI0 yCTOHYMBOCTH K OOJIE3HAM HE COBIAJAIOT.
Tak, HanpumMep, y auHMK 4623116 MeTomom rubpuansa-
LUK in situ WICHTU(GUIMPOBAHO BCETO JIBE TPAHCIIOKAIIUU:
T1RS.1BL u TSBS.5BL-5SL. B 10 5ke Bpems aHaiu3 Meio3a
B Metadase I y rubpunios F,, moaydeHHBIX OT CKpelMBaHUs
9TOoM nuHUK ¢ copToM KpacHomapckas 99, cBuieTenscTByeT
0 HAJUYHMH B HEH OOIBIIET0 KOTMYECTBA WHTPOTPECCHM.
B otHOcuTensHO ycTolunBbIX auHUAX 4572116 u 4607116
XPOMOCOMHBIE IIEPECTPONKU HE BBIABIEHBI. BeposdTHO, B
3THUX JTMHUAX IPUCYTCTBYIOT IIEPECTPOHKH, KOTOPBIE HE OTIpe-
nensitorest Metogom FISH. B wactHOCTH, 3TO MOTYT OBITH 3a-
memenust 1D(1DY) u 6D(6DY), noyuennsie ot copra Ouit.
B nameii padore 3amernienune 6D(6DY) y munnn 49911117 Ob110
YCTAQHOBJICHO METOIOM M (D (HepeHINATEHOTO OKPAIIUBAHUS
xpomocom (C-banding).

Ot Buna Ae. speltoides MATKOH TIIICHAUIIE TIEPEIAHBI TEHBI
YCTOHYMBOCTH K JIUCTOBOM prkaBuuHe Lr28, Lr35, Lr36, Lr47,
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Lr51 u Lr66 (Mclntosh et al., 2013). Otu rers! ObuTH TICpE-
HECEHBI B XpOMOCOMBI MATKOH mieHnIIs! 4A, 2B, 6B, 7A, 1B
n 3A (Friebe et al., 1996; Dubcovsky et al., 2000; Helguera et
al., 2005; Marais et al., 2010). Kpome atoro, .I'. AnonuHna ¢
kosuteramu (2012) oxapakTepru30Baji HOBYIO TPAHCIOKAIIHIO
T5BS-5BL-5SL ot Ae. speltoides ¢ 3¢deKTHBHBIM T€HOM,
0003Ha4eHHBIM Kak LrASP5. HecmoTps Ha TOBOIBHO 0OJIb-
II0€ KOJIMUYECTBO TEPEAAHHBIX T€HOB, HE UCKIIIOUYEHO, 4TO y
Ae. speltoides MOTYT ITpUCYTCTBOBATh IPyTHE TEHBI yCTONUH-
BOCTH K JINCTOBOM PXKaBUMHE, O YEM TAKIKE CBHJICTEIILCTBYIOT
MIOJyYeHHBIC HAMHU paHee pe3ynbratsl ([JaBosH u ap., 2017).

Ot Ae. umbellulata iepenas eMUHCTBEHHBIN T'€H yCTOWYH-
BOCTH L9, nokanu3oBaHHBIN B XpoMocoMme 6B (Sears, 1956).
W3 mepedrnciIeHHbIX TEHOB B CEIEKIMN B OCHOBHOM HCIIOJIB3Y-
10TCsI TeHBI yeroanBocT Lr9, Lr28, Lr47, Lr ASP5 (Friebe et
al., 1996; Anonuna u ap., 2016). Ha ocHoBaHMM MapKepHOTO
aHa/M3a C/IeJIaHO MPETIOI0KEHNE, UTO CHHTETHYECKast (hopMa
ABpozec UMeeT U3 NePEUNCIEHHBIX T€HOB TOIbKO Tpu: Lr28,
Lr35u Lr51 ([aBosin u nip., 2012). B cunrernyeckoit hopme
ABporara monTBepxkaeHo Hanngue reHa Lr9 (aBosH u fp.,
2012). Y3 npoanaM3MpOBaHHBIX 14 JIMHUI TOJIBKO y OTHOM
muHur, 49911117, nieHTuUIUpoBaH TMarHoCTHYECKUi (par-
MeHT amruTudukanun Mapkepa SCS42 1, paspaboTaHHOTO IS
uaeHTUGUKAUY reHa Lr28. B ocTanbHBIX TUHUSIX HCKOMBIC
IeHbl HE YCTaHOBJICHBI.

Wnentndukanms reHa LrAsp5 He mpoBomunacek. B 1o xe
Bpems TpaHcnokanus T5SBS-SBL-5SL BelsBeHa y mecTu u3
MOJIy4eHHBbIX Hamu nuHui: 3379m16, 4581n16, 4623m16,
4626116, 4635116, 4665116. BO3MOKHO, 9TH JTUHHH TAKKE
MOTYT UMETh T'eH YCTOHUMBOCTU LrAsp5 oT Ae. speltoides.

3aknioyeHune

TakuMm 00pa3oM, HCIOIE30BaHUE CHHTETHYECCKOM (hopmbI RS7
TIO3BOJIMIIO TIOJTYYHTH OOJIBIIIOE Pa3HO0Opa3ue HHTPOIPECCHB-
HBIX JINHUH, YCTOMYMBBIX K JJMCTOBOM U JKEJITOM prKaBUMHE U
MYYHHUCTOW poce. BBISBIEHBI JINHUK ¢ HOBBIMH TPAaHCIIOKa-
LUSIME U 3aMELICHUIMU OT Ae. speltoides u Ae. umbellulata,
KOTOpPBIE MOTYT HECTH HOBBIE T€HBI YCTOMYHBOCTH K TPHOHBIM
OoIe3HIM.
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NaeHTU@UKALS VHUBAJIEHTHBIX XPOMOCOM
YV MOHOCOMHBIX JIMHUNM XJI0IM4aTHUKA Gossypium hirsutum L.
C MMIOMOIIBIO IIUTOT€HEeTUYECKMX MapKepOB

M.®. Canambstu @, 1ILV. BoboxyskaeB

HauvoHanbHblii yHUBepcuTeT Y36ekuctaHa um. M. Ynyr6eka, TawwkeHT, Y36eknctaH
® e-mail: sanam_marina@rambler.ru

OTcyTCTBME YeTKNX MOPPONOrMYecKnx MapkepoB XPOMOCOM XJIOMYaTHMKa cnocobCcTBOBano paspaboTke HeTpa-
AVLMOHHOIO MeTofa MapKMPOBKM XPOMOCOM C NMOMOLLbIO TPAHC/IOKaLMI. TecTepHble TPaHCIOKaLMOHHbIe IMHUN
XNONYaTHUKA Ha CerofHALIHUI AeHb NPefCcTaBnAlT coboi Hanbonee NOMHbIN HAOOP LIMTONOTNYECKMX MapKepPOB.
MpriBeneHbl pe3ynbTaTbl LUTOreHeTMYeCKoro aHanusa rubpunaos F;, nonyyeHHbIX OT CKpeLmMBaHUA MOHOCOMHbIX
JIMHWIA XNOMYaTHUKA C TPAHCIOKALMOHHbBIMY JIMHUAMUN C UAEHTUPMLMPOBAHHBIMI XpOMOCcOoMamu. LinToreHeTnye-
cKaA naeHTMOMKaLMA N HyMepaLmna YHUBaNEHTHbIX XPOMOCOM Y 25 MOHOCOMHbIX JIMHWIA LIUTOreHeTUYeCKon Kon-
nekumy HaumoHanbHoro yHuBepcuteta Y36eKnctaHa No3BONMIA YCTaHOBUTb, YTO YeTblpe MOHOCOMHbIE JIMHWUW
VIMEIOT YHVBANEHTHbIE XPOMOCOMbI MO XPOMOCOME 2, 15 AINHMIM — MO XPOMOCOMe 4, YeTbipe NMNHUW — MO XPOMOCO-
Me 6, ofjHa NMMHUA — NO XpoMocome 7 cybreHoma A, 1 ofHa IMHKA — No Xxpomocome 18 cybreHoma D, xnonyaTHu-
Ka. OctanbHas 21 nMHKA 6bina fy6nnKaTomM TPexX HeroMONOrMYHbIX XPOMOCOM. Bce ngeHTndurumnposaHHblie MOHO-
COMHbI€e JINHUW XapaKTepu30Banncb PasanunAaMN B pasmepax YHNBASIEHTOB, BENNYMHE MENOTUYECKOro NHAEKCA,
yncna TeTpaa ¢ MUKposaapamu, GepTUAbHOCTU MblbLbl, YaCTOTbl BOCMPOV3BOACTBA MOHOCOMHOIO COCTOAHUA B
NoTOMCTBE 1 KoMrekca MopdONornyeckmx Npu3Hakos, acCoOLMMPOBAHHbIX C MOHOCOMMUEN MO UAEHTUPULMPO-
BaHHOW XpoMOcome. HecmoTpa Ha pasnnumna B reHOTUNNYECKOW cpefie 1 MeToAax NoyYeHUsas MOHOCOMUKOB B [1BYX
KOMNeKUMAX xnonyaTHuKa, HabnogaeTca yauBuUTeNIbHOe COBMafieHne AaHHbIX Mo 6onbluel YyacToTe NOABNEHMA
MOHOCOMUKOB MO XpOMocomam 2, 4 1 6, Toraa Kak MOHOCOMUKM MO APYrM XPOMOCOMaM Habopa NoABRAITCA C
KyAa MeHblUel YacTOTOW, @ MO BOCbMM HEFOMOMIOTMYHbIM Xpomocomam (5, 8, 13 cybreHoma A, n 14, 15,19, 22 n 24
cy6reHoma D,) BooOLLe HUKOrAa He BbIABNAITCA.

KnioueBble cnoBa: xnonyaTHWK; Gossypium hirsutum L.; LMTOreHeTUYeCKMn aHanns; TPaHCIOKaLMOHHbIe JINHWY;
MOHOCOMHbI€ IMHUU; NAEHTUPMKALNA XPOMOCOM.

Onsa yutuposauusn: CaHambaH M.O., Boboxy>xaeB LLLY. UneHTMPrKaLmMs yHYBaNeHTHbIX XPOMOCOM Y MOHOCOMHbIX
TIMHUIA XonyaTHUKa Gossypium hirsutum L. c NTOMOLLbIO LIUTOreHeTUYECKX MapKepoB. BaBUNOBCKII »KypHan reHe-
TUKKN 1 cenekummn. 2019;23(7):836-845. DOI 10.18699/V]19.557

Identification of univalent chromosomes
in monosomic lines of cotton (Gossypium hirsutum L.)
by means of cytogenetic markers

M.E. Sanamyan ®, Sh.U. Bobokhujayev

National University of Uzbekistan named after M. Ulugbek, Tashkent, Uzbekistan
@ e-mail: sanam_marina@rambler.ru

The lack of clear morphological markers of cotton chromosomes contributed to the development of an uncon-
ventional method for marking chromosomes using translocations. Today, tester translocation cotton lines repre-
sent the most complete set of cytological markers. The results of cytogenetic analysis of F, hybrids obtained from
crosses of monosomic cotton lines with translocation lines with identified chromosomes are presented. Cytogene-
tic identification and numbering of univalent chromosomes in 25 monosomic lines of the cytogenetic collection of
the National University of Uzbekistan allowed us to establish the following univalent occurrences: chromosome 2 in
four monosomic lines, chromosome 4 in 15 lines, chromosome 6 in four lines, chromosome 7 of the Ai-subgenome
in one line and chromosome 18 of the Di-subgenome in one line. The remaining 21 lines were duplicates of three
non-homologous chromosomes. All monosomic lines identified were characterized by differences in univalent
sizes, meiotic index, number of tetrads with micronuclei, pollen fertility, frequency of monosomy in the progeny,
and a complex of morphological characters associated with the monosomy of the chromosome identified. Despite
differences in the genotypic environment and methods for producing monosomics in the two cotton collections,
there is a surprising coincidence of data suggesting a higher frequency of chromosomes 2, 4 and 6 occurring as
monosomics, while the other chromosomes of the set occur as monosomics at a much lower frequency, and eight
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nonhomologous chromosomes (5, 8, 13 of the A;-subgenome and 14, 15, 19, 22 and 24 of the Dy-subgenome of

cotton) never do.

Key words: cotton; Gossypium hirsutum L.; cytogenetic analysis; cotton cytogenetics; monosomic lines; chromo-

some identification.
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BBepeHune

Heo0xoaMMOCTh KapHOJIOTHYeCKOTO U3YUYCHHS KYJIBTYD,
uMmeroIux c1abo mopdosoruuecku audHepeHIIUPOBAHHBIC
XPOMOCOMBI, CTIOCOOCTBOBAJIA Pa3pabOTKe HETPaIUITHOHHBIX
METO/I0B MapKHPOBKH XPOMOCOM C ITOMOIIBIO TPAHCIOKAINH.
[Tupokoe pacnpocTpaHeHHe MOy MU pabOThI 110 CO3aHHIO
TECTEPHBIX HAOOPOB TPAHCIIOKANNH, KOTOPBIE OB HAlAEHBI
y IITH BUJIOB pacTeHU: KyKypy3sl (Burnham, 1954), stamens
(Burnham et al., 1954), ropoxa (Lamm, Miravalle, 1959), pxxu
(Sybenga, Wolters, 1972) u tomara (Gill et al., 1980). Hac-
THUYHO ObUIA pelIeHa npoodiaeMa HICHTU(PHUKAIMH OTACTBHBIX
XpOMOCOM HabOpa y TaKUX BUIOB, KaK KOHCKHE 000bI, Gpacolib
U cosi, Omarofapst CO31aHHUI0 TPAHCIOKAMOHHBIX JIMHUN 110
HEKOTOPHIM HErOMOJIOTHYHBIM XpoMocomaM reHoma (Sjodin,
1971; Ashraf, Bassett, 1986; Mahama et al., 1999).

Kak n3BecTHO, KyJIbTHBHPYEMBIN XJIOMUaTHUK Buaa Gos-
sypium hirsutum L. siBnsieTcst aJutoTeTparionsioM (2n =52) u
BKITIOUaeT ABa cyorenoma — A, u D. M.S. Brown (1980) momy-
yma 62 TpaHCIOKaMOHHbIC TMHUH XJIOMIaTHUKA G. hirsutum
¢ oMouIbio X-, y-, bukuan paananmm u o0rydeHus ObICTPHI-
MU HEUTPOHAMHU CEMSIH HJIM TBUIbIBI Pa3JIMYHBIX COPTOB,
a TakKe HeCKOJbKUX JHHUH. [Ipu 3ToM B 58 muHMiA OBLIO
BOBJICUCHO JIBE HErOMOJIOTHYHBIE XPOMOCOMBI, B TPH JIMHUN —
TPH XPOMOCOMBI U B O1iHY — yeThipe. [ist naenTudukannu u
HyMepanuy XpoMOCOM OBUTH MPOBEAEHBI HCCIESTOBAHUS 110
OTHECEHHIO TPAHCIOIMPOBAHHBIX XPOMOCOM K CyOreHOMam.
B pesynbrare BBISICHHIOCH, 4TO XpoMOcoMa 26 He Obliia BOBJIe-
YeHa HU B OIHY U3 TPAHCIIOKAIMH 1 OTIPEAEIISAIACH METOJOM
MCKITIOYEHUSI, TOCKOJIbKY 3a BCE BpPEMsI CCIIE0BaHHI HE yjia-
JIOCH TOJTYYHUTh TPAHCIOKAIMIO C Y4aCTHEM ITOH XPOMOCOMBI
(Stelly, 1993). IlepeuricneHHbIE TPAHCIOKAIIUH COCTABIISIOT
HaunOoJiee MOJHBIH HA0Op IUTOJOTMYECKUX MapKepOB JUIS
n3y4eHus reHoMoB xsomyariuka (Menzel, Brown, 1978).

[Tpu naeHTH(UKAINT METKIX XPOMOCOM OOJIBIITHNE HATEK-
JIbl OBUTH CBSI3aHBI C METO/IOM T depeHInanbHON OKpacKH,
OJIHAKO TOIBITKH MOIYYUTh AU PepeHIHATBHY IO HCUSPUYCH-
HOCTB XPOMOCOM, I0OCTaTOYHYIO TS MICHTH(HKAINH HETOMO-
JIOTHYHBIX XPOMOCOM, HE IPUBEIIH K )KEIACMOMY PE3yJIbTaTy
(TypxoB u ap., 1980; Escalant, Schwendiman, 1984; Wang,
1985). Oxpacka mpomeTtagazHBIX XPOMOCOM XJIOITYaTHHUKA C
nomoteio BrdU-Hoechst-Giemsa n crienpanbHasi cucrema
aHaJIN3a T03BOJIMIIA OOHAPYKHUTH OT 2 110 9 IIaBHBIX OJIOKOB
Ha XPOMOCOMY, KOTOPBIE COOTBETCTBOBAIIM PAHO PETUINLHPY-
romieiics JJTHK (Muravenko et al., 1998; Mypasenko, 3ene-
HuH, 2009).

KynsruBupyemsrit xinomdatHuk G. hirsutum ToIepaHTEeH K
MIOTEpE OTJEIBHBIX XPOMOCOM, TIOCKOJIBKY SIBJISIETCS JlIOTe-
tparuionioM. OHAKO CO3aHHEe CEPUU MOHOCOMHBIX JIMHHUHN B
CIIIA, xapaKTepH3yIOMIUXCs MTOTEpeil OTACTHHBIX XPOMOCOM
(2n = 51), pactsiaynock Ha MHOTHE TobI (Endrizzi, Brown,
1964; Endrizzi et al., 1985). Tak, 10 1985 r. B CI1IA GbLirt BbI-

JIeNIeHbI ¥ UJICHTU(HUIUPOBaHBI MOHOCOMUKH JIMMIB 110 15 U3
26 HETOMOJIOTUYHBIX XpoMocoM G. hirsutum. Ha ceromns-
HHi 1eHb B co3nanHoi B CIITA nuToreHeTHaecKoi KOJUIEKIIMH
XJIOMYATHUKA OTCYTCTBYIOT JIIOOBIE BH/IbI HEXBATOK IO XPO-
mocomaM 13, 19 u 24, Torma Kak I10 IsITH HETOMOJIOTHYHBIM
XpoMocoMaM (XpoMOCOMBI 5, 8 cybreroma A, u 14, 15, 22
cyorenoma D) MMEIOTCSI HEXBATKH TOJBKO OTIEIbHBIX ILJIEY
xpomocoM (Saha et al., 2012). Tem He MeHee 3TO HE MeTIaeT
WCTIONB30BaTh UX JJIS XPOMOCOMHOH JIOKAIH3aliN MapKep-
HBIX T€HOB U TTOJIyY€HHSI CEPUH 3aMEIICHHBIX JTUHHUH, KOTOPbIE
CO3/IAI0TCS OJHOBPEMEHHO IPH YIaCTHH TPEX TETPAIIIONTHBIX
BHJI0B (Saha et al., 2004, 2006, 2013).

B HaumonansHoMm yHUBepcuTeTe Y30eKHCTaHa B TEUCHHE
MHOTHX JIET IPOBOFIINCE UCCICIOBAHMUS I10 HHAYIIMPOBAHUIO
pacTeHUH XJIOMYATHUKA C XPOMOCOMHBIMH a0eppaIiiisiMe C
HCIOJIB30BAaHUEM DPA3NUYHBIX METOJOB MHIYIHPOBAHHOIO
mytarene3a (Canambsa, 2003; Samanyan, Rakhmatullina,
2003). B pe3ynbrare Obl1a co3/1aHa YHUKAIbHAS INTOTCHETH-
YecKasi KOJUIEKIIMS XJI0MYaTHUKA, BKIFOYAIOIIas MOHOCOMHBIE,
MOHOTEJIOIMCOMHBIE M TPAHCIOKAIIMOHHBIC JTMHUH, KOTOpast
TI0 YMCITY JJMHUHN 3aHUMAeT BTOPOE MECTO B MHPE MOCIIC aHa-
JIOTHYHOM aMepHKaHCKOHM Koyuiekiuy (Sanamyan et al., 2010,
2014).

Lenbro paboTHI siBIsiCTCS. YHUDHUINPOBaHHAS HACHTH(DUKA-
1Sl YHUBAJICHTHBIX XPOMOCOM Yy paHee MOJy4eHHbIX MOHO-
COMHBIX JIMHUH XJIOTTYaTHUKA C TOMOIITHIO HA00Pa TECTEPHBIX
TPAHCIOKAI[MOHHBIX JIMHUH XJIOMMYaTHUKA C HICHTH(OUITIPO-
BaHHBIMH XPOMOCOMaMH.

MaTtepwuanbl n metogbl

Marepuasaom ajsl UCCIECAOBAHUI CITY)KHIM THOPHIHBIE MO-
HOCOMHBIE PACTEHHSI XJIOMMYaTHUKA, TOTYYCHHBIE OT CKPETITH-
BaHHSI MOHOCOMHBIX JIMHUH Pa3THIHOTO MIPOUCXOKICHUS ITH-
TOTCHETUYCCKOW KOJUIeKIMU Xiionuatuka G. hirsutum Ha-
[IHOHAJBHOTO YHUBepcHuTeTa Y30eknuctana (HYV3) (Sanamyan
etal., 2014) ¢ TpaHCTIOKAIIMOHHBIMU JINHUSMU C HIACHTH(DUTIH-
POBaHHBIMU XPOMOCOMaMH aMEPUKAHCKOM LINTOI€HETUYECKOU
kommekuu (Stelly, 1993). MoHOCOMHBIE THHUH XJIOMTYATHUKA,
3a KOTOPBIMH BEIyTCsl HAONFOACHUS, KPYTJIOTOAUYHO TTPOH3-
pacraroT B ruieHouHOM Terunue HYVY3, roe BeInoaHAIOTCS
BCE arpoTeXHUYeCcKrne Meponpustus. LluToreHeTmaeckue
MapKephl B Bujie Habopa JHHUHN ¢ UICHTH(DUIIUPOBAHHBIMA
TPaAHCIOKAIMSIMEA ObUTH JIFOOS3HO MPEAO0CTaBICHBI Ipodec-
copoMm Texacckoro yamBepcurera I»Bumom Cremmu dyepes
ARS-USDA nporpamMmy obMeHa.

B mpouecce MUTOIOTHYECKUX AHAIN30B HCCIEAOBAIH
Meiio3 Ha cragun Metadassl | (MI) B MaTeprHCKHX KIETKax
meutbIEl (MKIT). [T sToro mpoBoxmmu pukcaruro 2—3 MM
O6yToHOB B ciupT-yKcycHoil cmecu (7:3). 3arem MKII okpa-
IITMBAJIH JKeJIe30-alleTOKapMUHOM. Ha BpeMeHHBIX TaBICHBIX
mperaparax 1ol CBETOBEIM MHKPOCKOIIOM aHAJIH3UPOBAIN
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MeTada3zbl IEPBOTO JIENICHNsI Meii03a U YUUTHIBAIH XapaKTep
KOHBIOTAIUH XPOMOCOM, YHCJIO YHH-, OH-, TPH- ¥ MYJIbTHU-
BAJICHTOB.

Bce nurosnornueckne HaOMOAEHHS TIPOBOJIMIIH C TIOMOIIIBIO
MukpockoroB Laboval, AxioScope Al (Carl Zeiss, ['epmanmst)
n Biomed (Leica, [1IBeftnapust) mpu yBenuueHn 00bEKTHBOB
10x, 100%, ouHoKysspHO#M Hacamku 1.6x u GF 12.5 x120 u
okymsipa 10x. MuxpodoTorpadpupoBaHue BBITIOIHSIINA C UC-
nosb3oBaHueM IudpoBoi porokamepsl Mikroskop-Kamera
AxioCam ERc5s. [Tp1 5kCrIOHUpOBaHN Y TPUMEHSIITH 3€JICHBINA
ceetopmisTp 3C-11-3. ororpadun pacTeHnit U nX yacTen
cenansl nudppoBoit porokamepoit Canon A-610.

Pesynbtathl 1 06CyKaeHne

LluToreHeTnyeckuil aHanu3 ruOpuoB F,, NOMyUEeHHBIX OT
CerlLII/IBaHI/Iﬁ MOHOCOMHBIX JIMHUN XJIOITYaTHUKA C UJCH-
TU(UITIPOBAHHBIMU B COOTBETCTBHUHN C MEXTYHAPOIHOHN HO-
MEHKJIaTypO#l TPaHCIOKAIIMOHHBIMY JTHHHISIMHU, TO3BOJILI
OIPCACIINTD YHUBAJICHTHBIC XPOMOCOMBI Y MOHOCOMHBIX JIU-
HUN IATOT€HETUYECKON KOJUIEKIMH XJjomuyaTHuka HY V3.
W3BecTHO, YTO BEISBIICHUE B MATCPUHCKHX KIICTKAX MTBLUTHITBI
B Mmeradase | meiio3a y rHOpUAHBIX TPAHCIOKAIIMOHHBIX
MOHOCOMHKOB KBaJIpHBaJCHTA W YHUBAJICHTA YKa3bIBaeT Ha
HETrOMOJIOTHYHOCTD YHHBAJIEHTa M XPOMOCOM, BOBJICUCHHBIX
B Tpanciokauuio (Endrizzi, Brown, 1964). Eciu ke 8 MKIIT
y THOPHUIHBIX TPAHCIOKAITMOHHBIX MOHOCOMHUKOB OOHApy-
JKMBAIOTCS TPUBAJICHTBI, TO TOBOPSIT O TOMOJIOTHYHOCTH YHH-
BaJICHTA U OJHOM U3 XpPOMOCOM B TpaHcaoKauu. B atom ciny-
Yyae TPOBOMAT CKPEIUBAHNS MOHOCOMHUKA C IPYTUMH TPAHC-
JIOKAIIMOHHBIMH JIMHUSAMH, Y KOTOPBIX OJJHA U3 XPOMOCOM
B TpaHCJIOKaIusAX Oblla Takas JKe, KaKk U y TMepBOH JINHUU.
AHanm3 acconpanyii XpoMOCOM y MOHOCOMHBIX THOPHIOB
MO3BOJISIET MJCHTH(UIIMPOBATh YHUBAJIICHTHYIO XPOMOCOMY
Kak crieliu(uueckyro XxpoMocomy Habopa.

HWccnenoBanns IpOBEICHBI TS BCEX THOPUIHBIX TOTOMCTB,
MOJyYSHHBIX OT CKPEIIMBAaHUH MOHOCOMHBIX M TPaHCIIOKa-
ITUOHHBIX JIMHUHN XJIOMYaTHHUKA C I/II[CHTI/I(I)I/IL[I/IpOBaHHbIMI/I
XpoMocoMamu. B Tabnuiy 1Mo KOHBIOTAIIUH XPOMOCOM MBI
BKITIOUMJIA TOJIEKO T€ BapHAHTHI, Y KOTOPBIX OBLIH OOHApY-
JKCHBI 00II[HEe XPOMOCOMBI (Tab. 1).

B pesynerare aHanm3a MOHOCOMHBIX JTHHHHA XJIOMTIaTHAKA
C TIOMOIIBI0 CEPUH TPAHCIOKAIIMOHHBIX JINHIH C WACHTU(H-
IUPOBAHHBIMHU XpOMOCOMaMU YaJloChb l/I)lCHTI/I(bI/ILII/IpOBaTI)
YHHUBAaJCHTHBIE XPOMOCOMBI y psiia TUHUHA. Tak, ycTaHOBIIEHA
TOMOJIOTHYHOCTh YHHBAJICHTHBIX XPOMOCOM Yy YETBIPEX MOHO-
coMubIx guHulA (Moll, Mol6, Mo19 u Mo093) u onHoii u3
TPAHCIOUPOBAHHBIX XPOMOCOM B CKPEIINBAHUIX C MIECTHIO
TpaHcIoKanuoHHbIMHU JuHUsMH — TT2L-6R, TT2L-3Lb,
TT2R-3La, TT2R-8Ra, TT2R-8Rb u TT2R-14R, nockonbky
Y MOHOCOMHBIX TPaHCIIOKaIIHOHHBIX THOPHUIOB B MeTadaze |
Meiio3a Habmroanoch 24 OGMBaJIEHTA TUTIOC OAWH TPUBAJICHT
(puc. 1, cm. Tadun. 1). B mectu TpaHCIOKalMOHHBIX JIMHUAX
y9acTByeT oflHa O0IIasi XpoOMOCoMa 2, TIOATOMY YHUBAJICHT-
HBIE XPOMOCOMBI y MOHOCOMHBIX THUI Mo11, Mo16, Mo19
Mo93 saBnsiorcst xpoMocomoii 2 cybreHoma A XJI0IYaTHUKA, a
TIePEYHCIICHHBIC YETHIPE MOHOCOMHBIE JTMHUH — TyOTHKATaMH.
MonekyssipHO-TeHEeTHIECKUH aHaJIN3 YETHIPEX MOHOCOMHBIX
MEKBUIOBBIX THOpU0B F, ¢ yuactuem nunuii Mol1, Mol6,
Mo19 u Mo93 noarsepaun >tu nansaeie (CaHAMBSH U JIp.,
2016).
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Ta6bnuua 1. LinToreHeTnueckunn aHanus rubpugos F,,
MOMYYEHHBIX OT CKPeLLMBaHNI MOHOCOMHBbIX JINHNIA

C TPAHCIOKALMOHHBIMU IMHUAMY TeCTEPHOro Habopa
C FOMOJIOrMYHBIMI XPOMOCOMaMM

Cy6reHomHas Xpomocoma TMOpMAHDIN BapUaHT
R T e
CybreHom A, 2 Mo11xTT 2L-3Lb
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Mo19xTT2R-8Ra

Mo58xTT4L-19R

Mo95xTT3L-6L

—

Mo34 x TT3L-6L Mo67 xTT6L-7L

>

Mo27 xTT1L-7L Mo48 x TT7L-18R

Puc. 1. Kputueckue koHpurypauum xpomocom (24" + 1) B meTadase | meito3a y r6praHbIX MOHOCOMHbIX PacTEHWIA, MOMyYeH-
HbIX OT Pa3HbIX KOMOMHALMI CKPELLBaHUA.

PacTeHns HCXOMHBIX TIEPBUYHBIX MOHOCOMHKOB YETHIPEX
JIUHUN XJIOMMYaTHUKA, MOHOCOMHBIX 10 XpOMOCOME 2, ObLIH
TIOJTyYeHBI B pe3yNbTaTe OMBIICHNS 00ydeHHOH MBUTBIION B
Jo3ax 10-25 I'p. Bece oHM XapaKTepH30BaIUCh CPETHUM Pas3-
MEpPOM YHUBAJICHTOB, BEICOKMM MEHOTHYECKIM HHIEKCOM (OT
92.50+0.31 mo 98.25+0.22), NOBBIICHHBIM YHCIOM TETPA]T
¢ mukposiapamu (10 3.00+0.20 %) 1 BbICOKOH (epTHIIbHO-
cThi0 TBUIBIEI (0T 91.54+0.48 10 96.41+ 0.42 %), a Takxe
CHMKEHHOHN 4acTOTOM BOCIPOM3BOICTBA MOHOCOMHOIO CO-
cTostHUs B otoMcTBe (0T 19.35 1o 44.44 %) n cHIKEHHOH
4acTOTOU mepenayu #— 1 ramer. B moToMcTBE MOHOCOMHOM
mEAd Mo 19 B otHOM ciTydae 0TMeUanoch MOSBICHNE MOHO-
TEJIOMUCOMHOTO PACTCHUS, YTO CBUICTEIHCTBOBAJIO O HETIpa-
BUJIBHOM (ITOTIEPEYHOM) JCJICHUH [IEHTPOMEPhI YHUBAJICHTA
y 3TOH JINHUMU.

MoHOCOMHBIE JIMHUHU [0 XPOMOCOME 2 UMEIU CXOXKHUHI
Ha0Op XapakTepHBIX (PEHOTUMNYECKUX NPU3HAKOB (TadI. 2,
puc. 2), OTIMYaNNCh HU3KOH 3aBS3BIBAEMOCTBIO CeMSH (10
54.84 %) 1o cpaBHCHHIO C MICXOIHOW WMHOPETHON JTHHUCH
JI-458 (89.81 %). Takoe CHUKEHHUE 3aBSI3IBACMOCTH ITPOUC-
XOIIMJIO 32 CYET MPHUCYTCTBUSA B KOPOOOUKAX MOHOCOMHKOB
0OJIBIIOTO YHCIIa HEOTUTOJOTBOPCHHBIX SHIICKICTOK B BHUJIC

VIIFOKOB, HAJTHYHE KOTOPBIX, HAPSTY C YMECHBIIICHUECM KOJTHYC-
CTBa CEMsTH, IPUBOIUIIO K YMEHBIIICHHIO Pa3MEPOB KOPOOOUEK.
Ilpn amanmse rubpungos F,, momydeHHBIX OT CKpelInBa-
HUH CeMU MOHOCOMHBIX JJHHUH xuytomyatHuka (Mo3 1, Mo70,
Mo72, Mo73, Mo75, Mo76, Mo89) ¢ nBymsi TeCTepHBIMU
TpaHcinokannoHHeIMH JuHUAMH TT4L-19R n TT4R-15L,
OBLTa YCTaHOBIICGHA TOMOJIOTHYHOCTh YHUBAJCHTOB JTHUX
CEMHU JIMHUH C OJHON W3 TPAHCIOLUPOBAHHBIX XPOMOCOM,
TTOCKOJIBKY Y MOHOCOMHBIX TPaHCIOKAITMOHHBIX THOPHUIOB B
metadase I meito3a Habromanock 24 OUBaNeHTa ¥ OJHH TPH-
BasieHT (cM. Tabi. 1, puc. 1). YV tecrepuoii muauu TT4L-19R
B TPAHCJIOKAIIMIO BOBJICYEHBI XPOMOCOMEI 4 1 19, a y nmuHun
TT4R-15L—xpomocombl 4 1 15, T. €. 01HA U3 AITUX XPOMOCOM
TOMOJIOTUYHA YHUBAJCHTHOU XPOMOCOME Y CEMH MCXOIHBIX
MOHOCOMHBIX JINHHA. [T0CKOJIbKY B 00€ TpaHCIOKAIIMOHHBIE
JIMHAU BOBJICYCHA XPOMOCOMa 4, 3HAYNT, YHUBAICHTHEIC XPO-
MOCOMBI Y MOHOCOMHBIX Jinunuid Mo31, Mo70, Mo72, Mo73,
Mo75, Mo76, Mo89 npencraBieHbI XpoMOCOMOii 4 cyOreHo-
Ma A, XJIONYaTHHKA, & CAMH MOHOCOMHBIC JTHHUH SBIISIOTCS
JTyOnukaTaMu. JTO MPEIIOJI0KEHUE MOATBEPIAMIOCH IPU
MOJIEKYIISIPHO-TEHETHIECKOM HCCIIETOBAHUN MOHOCOMHBIX
MeKBHAOBBIX TuOpuoB F| (Canampsn u ap., 2016).
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Ta6bnuua 2. MNponcxoxgeHre N HeKoTopble 0COOBEHHOCTN MOHOCOMHBIX IMHUIA XnonJyaTHrKa G. hirsutum L.

MoHocomHaa  MpoucxoxpeHne Mopdonoruyeckrie xapakTepucTKm

NNHNA

Menknia y3Knin nnCT, yKopoyeHHble
cuMnofmnasbHble BeTBU, ManeHbKune
Kpyrsible KOpo6ouKy

[og nonyyeHna Xpomocoma

CpepHuii A4 [ycToe nbiwHoOe pacTeHve, yaIMHEHHbIe
) NoNacTyV NINCTA, AJIVHHbIE MPULBETHUKN
"""""""""""""""" 1 LUBETOHOXKM, YANIMHEHHble pebpucTble
....................................................................................................... Kopo6oq|(|/|

KpynHbin A6 YKOpPOUEHHbIE CMMOANN, XeCTKUI cTebesb,
MasieHbKMe Kpyrible KopobouUKHU, No3gHee

. Mo67 ..................... reTepo3 |/| FOTa ................... 1 996 .................... LiBeTeHMe

no TpaHCNoKauun

Mo27 O6nyyeHme NbibLbl 1993 CpepHuii A7 KopoTkne cumnognn, ToncTtble NpULBETHUKK
......................................................................................................................... W IMCTbA, ManeHbKas kopobouka
Mo48 1994 Menknn D18 ManeHbKue NUCTbA, ANINHHbINA CTONOMK

1 pbinibLe, KOPOTKME CUMMOANN

Puc. 2. Oco6€HHOCTN MOHOCOMHBIX JIMHUIA XJTOMYaTHUKA MO Xpomocome 2:

a - KkycT; 6 — kKoHdurypauum xpomocom (2511+11); 8 — nncT; 2 - yseToK; @ — NENeCTOK; e — NPULBETHUKY; X — TbIUMHOYHAA KOJOHKA;
3, U — 3eneHble KOPOBOUKHU; K — KOPOOOUKa C NIOAOHOXKOW; JT — PacKpbIBLUAACA KOPOOOUKa.
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NpeHTndrKayma yHMBaNeHTHbIX XPOMOCOM Y MOHOCOMUKOB
Gossypium hirsutum L. c NOMOLLbI0 LIUTOFEHETUYECKNX MapKepoB

Puc. 3. OCO6EHHOCTN MOHOCOMHBIX JIMHWUIA X/TONYaTHUKA MO Xpomocome 4:

a - KycT; 6 — KoHpUrypauum xpomocom (25!1+11); 8 — AucT; 2 - UBETOK; O — NENecToK, € — NPULBETHUKM; X — TbIUMHOYHAA KOMOHKA;
3, U — 3e/1eHble KOPOOOUKH; K — KOPOGOUKa C NNOJOHOXKKOIA; JT — PAaCKPbIBLIAACA KOPOHOUKa.

[Tpu u3ydeHnn THOPHUIOB, MOTYUYEHHBIX OT CKPELIIMBAHUI
BOCHbMHU MOHOCOMHBIX JIMHUI xjomyaTtHuka (Mo7, Mo38,
Mo58, Mo59, Mo60, M069, Mo71 u Mo81) ¢ onHo# u3 ABYX
TpancaokauuoHHbIX JUHUE — TT4L-19R unu TT4R-15L,
OblI1a OOHapy)KEeHa TOMOJIOTMYHOCTh YHHBAJICHTOB YKa3aHHBIX
BOCBMU JINHUH C OIHOM U3 TPAHCIIOLUPOBAHHBIX XPOMOCOM,
MTOCKOJIBKY Y MOHOCOMHBIX TPAHCJIOKAI[MOHHBIX TMOPHUIOB
B Meradase | meiio3a nabmonanoch 24 OuBajeHTa ILTIOC
OIMH TpUBAJIEHT (cM. Tabm. 1, puc. 1). Y TectepHON THHUN
TT4L-19R B TpaHCIOKAIHMIO BOBIEYEHBI XpOMOCOMBI 4 11 19,
a 'y muaun TT4R-15L — xpomocomsl 4 u 15. OnHa U3 3THX
TPEX XPOMOCOM I'OMOJIOTHYHA YHUBAJICHTHOH XPOMOCOME y
MOHOCOMHBIX JTUHUK M07, M038, M058, M059, Mo60, Mo69,
Mo71 u Mo81. MoXHO TpeAIoI0KUTh, YTO YHUBAJICHTHBIE
XpoMocoMsl y mruHuN Mo7, Mo38, Mo58, M059, Mo60, Mo69,
Mo71 u Mo81 npencraBieHbI 00MICH TSI HUX XpOMOCOMOIi 4
cybrenoma A XJIOMYaTHUKA, & MOHOCOMHBIE JIUHUHU SBIIS-
10Tcs tyonmukaramMu. OKOHYATEIbHOE IIUTOJIOTHYECKOE TTO/I-
TBEpPKJCHUE OyAET MOIY4IEHO TOCIIe H3yUCHUSI THOPHUIIOB OT
CKPEIMBAHUHN IePEUNCICHHBIX BOCbMU MOHOCOMHBIX JIMHUH
yIKe ¢ IpyToii (He paCCMOTPEHHOH 371€Ch) TPAHCIOKAIIMOHHON
JuHUEH, BoBiekield xpomocomy 4. OHAKO JOKanu3alus
xpomocoM-crienupuunbix SSR-Mapkepos Ha rudpunax F, ¢
yaactreM nuHUE Mo7, Mo38, Mo58, Mo059, Mo60, Mo69,
Mo71 u Mo81 monTBepamia 3tu nannbie (CaHAMBsH U Jp.,
2016).

K cokasiennto, TpeThs TpaHCIOKallMOHHAS JIMHUS TECTep-
Horo Habopa — TT4L-5 — He MorIa OBITH MCIOJIB30BAaHA B

WCCIICIOBAHUU TI0 WACHTU(HUKAINN YHUBAICHTHBIX XPOMO-
COM BCJICIICTBHE OOHAPYKCHHBIX HAMH Cpa3y IABYX KBaJpH-
BAJICHTOB B «KPUTHYECKHUX KIETKaX», MO-BUANMOMY H3-3a
TOMO3HTOTHOCTH OIHOBPEMCHHO I10 JABYM TPAHCIOKAITUSIM.
Panee M. Brown (1980) coo0riana, uto aBe wiu 6osiee 1u-
TOJIOTHYECKHUE adeppaIliy IPICYTCTBOBAIH Y UCXOIHBIX pac-
TEHUI 1eCATU U3 62 TPAHCIOKAIIMOHHBIX IUHHUH XJIOMYaTHUKA
G. hirsutum, OTHAKO B JaJIbHEHIIICM Y 3THX JIMHUI ObLIa IOy~
YeHa TOJIBKO OJTHA TPAHCIIOKAIHS B TOMO3HTOTHOM COCTOSTHUH.

HcxonHble pacTeHHsI IIECTH MOHOCOMHBIX JIMHUI XJIOYaT-
Huka (Mo7, Mo31, Mo38, Mo75, Mo76, Mo81) ¢ nexBarkoit
o XpoMocoMme 4 OBITH MOTYyYeHBI B PE3yNbTaTe ONMBIICHHUS
00TydeHHOH MBUTBI0H B 03¢ 10-25 I'p, Toraa Kak HCXOIHBIC
pacTeHus AeBSITH MOHOCOMHBIX TuHUH (M058, M059, Mo60,
Mo69, Mo70, Mo71, Mo72, Mo73, Mo89) obHapyxeHBI B
MMOTOMCTBAX JCCHHANTHYCCKUX pacTeHWil. Bce Bemenepe-
YHCJICHHBIC JIMHUH XapaKTEPU30BAIUCH CPEIHUM Pa3MepOM
YHHUBAJICHTOB, BBICOKUM MEHOTHYECKHM HHIEKCOM (OT
90.50+0.72 1o 98.46+0.20), HCOOMBIIUM YUCIIOM TETPAJl
¢ mukposiapamu (10 2.07+0.14 %) u BbICOKOH (epTHIIbHO-
cThio TBITBIEI (0T 90.67+0.88 mo 97.53+0.35 %), a Taxxke
CHIDKEHHOH YacTOTOHM BOCIIPOM3BOJCTBA MOHOCOMHOTO CO-
cTosiHus B motoMcTBe (0T 16.67 10 42.86 %), 4TO IPUBOIUIIO
K CHIDKEHHIO YaCTOTHI TIEPeIadu TaTuio-AePUIINTHBIX TaAMET.

MOHOCOMHBIC JIMHUU IO XPOMOCOME 4 MMEIIH CXOXKHE
(heHOTUITYECKHE OTIHYMS, PE3KO BBIICISIOIINE UX CPEIU
JIPyTUX MOHOCOMHBIX JMHHUH (puc. 3, cMm. Tabm. 2). Taxxke
OHM OTJIMYAJINCH 00Jiee BBICOKOW 3aBSI3BIBAEMOCTBIO CEMSH
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Puc. 4. Oco6€HHOCTN MOHOCOMHBIX JIMHWUIA XJTOMYaTHUKA MO Xpomocome 6:

Identification of univalent chromosomes in monosomic lines
of cotton (Gossypium hirsutum L.) by means of cytogenetic markers

a - KycT; 6 — koHpurypaumn xpomocom (25! + 11); -0 — vacTu cTebns; e - INCT; X — UBETOK; 3 — NENeCTOK; U — NPULBETHUKIA; K — THIYMHOYHASA
KOJTIOHKA; /1, M — 3eNieHble KOpOoDOOUKM; H — KOpoboUKa C MII0AOHOXKOM; 0 — PaCcKpPbIBLUAACA KOPOOOUKa.

(mo 72.22 %), 3a NCKITIOYCHHEM MOHOCOMHON TMHUA Mo076
(32.61 %).

[Ipu uccnenoBaHUK YETHIPEX MOHOCOMHBIX JIMHHUA XJIOTI-
gatarka (Mo13, Mo34, Mo67, M095) ¢ momMorisio TpaHCcIoKa-
nuoHHBIX JImHuN TT3L-6L, TT6L-7L, TT6L-10R, TT6L-14L
ObLIa yCTAaHOBJICHA TOMOJIOTHYHOCTD YHHUBAJICHTHBIX XPOMO-
COM y MOHOCOMHBIX JIMHUH ¥ OTHOM U3 TPAHCIONPOBAHHBIX
XPOMOCOM B BBIIICTICPEUHCICHHBIX TPAHCIOKAIIUSX, TI0CKOIThb-
Ky Y MOHOCOMHBIX TPAHCJIOKAI[HOHHBIX THOPHIOB B MeTada-
3e | meifo3a HaOmomanock 24 OuBajeHTa U OAWH TPHUBAJCHT
(cm. Tabm. 1, puc. 1). B 9eThipex TpaHCIIOKaIIMOHHBIX JIMHISIX
y4acTBYeT OJ(Ha 00IIasi XpoMocoma 6, IO3TOMY YHHUBAJICHT-
HBIE XPOMOCOMBI Y MOHOCOMHBIX JTWHIHA Mo 13, Mo34, Mo67,
Mo95 sBnsoTCcs XpOMOCOMOH 6 cyOreHoMa A, XJIOI9aTHUKA,
a caMd MOHOCOMHBIC JIMHUHU — AyOnukatamu. MoJIeKyIsipHO-
TeHETHYECKUH aHaIN3 MEKBUIOBEIX THOPHUIOB F| ¢ ydacTreM
MOHOCOMHBIX TuHUI Mo13, Mo34, Mo67, Mo95 noarsepanin
911 naHHele (CaHaMbsH u 1p., 2016).

Hcxomaple pacTeHus TpeX MOHOCOMHBIX JIMHHUHN XJTOTIaTHU-
ka (Mo13, Mo34, Mo95) ¢ HexBaTkoii 1o XpoMocoMe 6 ObLTH

842

MIOJTy4EeHbI B PE3Y/IbTaTe ONbUICHUS 00OTyUYeHHON NMBUIBIION B
noze 20-25 I'p, Toraa Kak UCXOAHOE pacTeHHEe MOHOCOMHOM
muHUA Mo67 oOHapy>KeHO B ITOTOMCTBE PacTEHHs, TeTepo-
3UTOTHOTO TIO TPAHCIOKAIMU C JeCHHANTHIYeCKHM 3 dek-
ToM. Bee 3TH TMHNY OTAMYaIMCh KPYTTHBIM pa3MepoM yHUBA-
JIEHTA, BBICOKMM MeHOoTHYeCKuM uHaekcoM (0T 94.13+0.38
110 96.82+0.49), HEOOMBIIUM YUCIIOM TETPAJ C MUKPOSIpa-
mu (10 2.07+0.23 %), cCHMWKEHHOH (EepPTUIIEHOCTHIO MBUIb-
el (o1 88.46+1.28 1o 94.344+0.51 %) u HU3KOI yacTOTOH
BOCIIPOM3BOJICTBA MOHOCOMHOTO COCTOSHUSI B ITOTOMCTBE
(ot 9.38 mo 14.29 %), 4TO 3HAYUTEIFHO CHIKAJO YaCTOTY
repesiayy rarmio-1e(UIUTHBIX raMeT.

MOoHOCOMHBIE INHUH C HEXBATKOH XPOMOCOMBI 6 XapakTe-
PH30BAIIHCH IETBIM KOMITIIEKCOM MOP(OJIOTMYECKUX MIPU3HA-
KOB, 4CCOLIMMPOBAaHHBIX C MOHOCOMHUEH 110 3TOM XPOMOCOME
(puc. 4, cM. Tabu1. 2), a Taxoke 0oIee HU3KOH 3aBsI3BIBAEMOCTHIO
cemstH (ot 38.78 10 57.45 %) no cpaBHeHwmIo ¢ uHKEH JI-458.

[Ipu uccnenoBaHud MOHOCOMHOM JMHUU Mo027 B 4eThI-
pex BapmaHTax ckpenmBaHnii — Mo27 x TT1L-7L, Mo27 %
TT7L-12R, Mo27xTT7R-11R n M027xTT7R-21R — 6b11a
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Puc. 5. 0co6€HHOCTN MOHOCOMHOW JINHWUW XJTONYaTHUKa MO Xpomocome 7:

a - KycT; 6 — KoHdurypauum xpomocom (25!+11); 8 — uacTb cTebns; 2 — NUCT;  — LBETOK; e — MPULBETHUKY; X — ThIUMHOUHAsA KOJIOHKA;
3, U — 3eneHble KOPOBOUKY; K — KOPOOOUKa C MNOAOHOXKKOM; /1 — PaCKPbIBLUAACA KOpobouKa.

0o0OHapykeHa TOMOJIOTHYHOCTh YHHUBAJIEHTHOW XPOMOCOMBI
Mo27 1 ogHOHM U3 TPaHCIOLUHMPOBAHHBIX XPOMOCOM, ITO-
CKOJIBKY Y MOHOCOMHBIX ruOpujoB B Meradasze | meiioza
HaOIromanach KOHBIOTANNSA XPOMOCOM B BHIe 24 OMBaeH-
TOB M OJTHOTO TpUBaJICHTa (CM. pHc. 1). Y TecTepHON JIMHAN
TTI1L-7L B TpaHCIOKaIMIO BOBJIEUYEHBI XPOMOCOMBI 1 1 7,y
TT7L-12R — xpomocomsr 7 u 12, y TT7R-11R — xpomocomsbI
7un 11, ay nuaun TT7R-21R — xpomocomser 7 u 21. Ogna u3
3THUX XPOMOCOM IOMOJIOTMYHA YHUBAJIEHTHON XpOMOCOME Y
MOHOCOMHO# THHAN M027. [TockonbKy 00ImIast ISl 9eThIpex
TPAHCIIOKAIIMOHHBIX JTHHUH — 3TO XpOMOCOMa 7, TO YHUBA-
JIEHTHAsi XpOMOCOMa y MOHOCOMHO# JinuHuu Mo27 sBisieTcst
XPOMOCOMOH 7 cyOreHoma A XJIOIMYaTHHKA.

Hcxonnoe pacTeHne MOHOCOMHOW JIMHUM XJOMYaTHHUKA
Mo27 ¢ HeXBaTKOM MO XpOMOCOME 7 OBbLIO MOJyYeHO B pe-
3ynIbTaTe OMBIICHUS OONydeHHOW MBUThIION B mo3e 20 I'p.
Ota JIMHUS XapaKTepu30Balach CPEJHUM pa3MEpoM YHHBa-
JIEHTa, BBICOKUM MeoTudeckuMm uHaekcoM (95.81+0.38),
HEOOJIBIINM YNCIIOM TeTpaz ¢ Mukposapamu (1.77+0.25 %),
CHIKECHHOH (pepTHIBHOCTHIO MU (89.88+0.83 %) n Hu3-
KOM 4aCTOTOH BOCIIPOM3BOJICTBA MOHOCOMHOI'O COCTOSIHUSL B
nmotomMcTBe (22.23 %), 9TO 3HAUNTENHFHO CHIDKAIO YacTOTY
nepenayy ramio-1eUIUTHBIX TamMeT. MOHOCOMHAs JTMHUS
C HEXBATKOM XPOMOCOMBI 7 TOXKE OTIMYAIACh KOMIUIEKCOM
MOP(]OIOrHIECKUX MPU3HAKOB, ACCOLMUPOBAHHBIX C MOHO-
comueit (puc. 5, cM. Tabi. 2), u 6osee HU3KOH 110 CpaBHEHHIO
¢ munuent JI-458 3aBsi3piBaeMocTbio cemsiH (65.10 %).

[Ipu nccnenoBannr MOHOCOMHOI THHUK M048 B BapraHTe
CKpeluBaHus ¢ TpaHciaokaunoHHoi nunueir TT7L-18R B

MeTadase [ meiio3a 6puTH 0OHApYKEHBI 24 OMBaJIeHTa IUTIOC
OJIMH TPHUBAJIEHT (CM. pHC. 1), KOTOPBIH CBUIETEIHLCTBOBAI O
TOMOJIOTUYHOCTH YHUBAJIEHTHOW XpOMOCOMBI y M048 1 omHoM
U3 TPAHCIIOIMPOBAHHBIX XPOMOCOM Yy TPAHCIOKAI[MOHHOM
HuU Mo48. TTocKoNbKy B TPAHCIIOKALUIO TECTEPHOH INHUU
TT7L-18R BoB1E4YEeHBI XpPOMOCOMBI 7 U 18, MOXKHO Tpearno-
JIOKUTb, UTO YHUBAJICHTHAS! XPOMOCOMA MOHOCOMHOH JINHUU
Mo48 romonoruuna oaHoM U3 1ByX xpomocoM. K coxxanenuto,
B TECTEPHOM HabOpe JIMHUI ¢ MICHTH()UIMPOBAHHBIMU XPO-
MOCOMaMH OTCYTCTBYET BTOpasi TPAHCJIOKALMOHHAS JIMHUS,
BoOBJIeKIIas Xxpomocomy 18. UToObl onpenenuTs, Kakoi u3
JIBYX XPOMOCOM 3TOH TPaHCIOKAI[MM FOMOJOTMYHA YHHUBA-
JICHTHAsI XpOMOCOMa MOHOCOMHOH JTHHUU Mo048, panee MbI
HCTIONB30BAJI XPOMOCOM-CIIEU(PUIHBIE MUKPOCATEIUTUTHBIE
SSR-Mapkepsbl, KOTOpble aMIUTA(UIMPOBAIN CTAHIAPTHBIM
TIP-ananu3omM. MosieKyasipHO-TeHETUYECKUI aHAJIN3 MOHO-
COMHOTO MekBH0BOro ruopuaa F, (Mo48 x Pima 3-79) BbI-
SIBUJI TIPUCYTCTBUE ITOJMMOPQHBIX aJlIeed TOJIBKO OT BHJIA
G. barbadense L., 910 yKa3ano Ha JOKAJTH3aIHUIO0 XPOMOCOM-
cnemuduanoro SSR-mapkepa — BNL3280 — y BbIlIeHa3BaH-
Horo rubpuna (Canambsia u 1p., 2016). Panee atot mapkep
ObL1 IOKaIM30BaH Ha XpoMocome 18 cybrenoma D, xyonuar-
HHKa, TT03TOMY MO>KHO CUUTaTh, 4TO JIMHUS M048 KOJIeKInu
HYV3 umeer MmonocoMuio o xpomocome 18 cyorenoma D,.

HcxonHoe pacTeHre MOHOCOMHOW JIMHUM XJIOMYaTHHUKA
Mo48 ¢ HexBaTkoil Mo xpomocome 18 ObuIO MONydeHo B
pe3yibTare ONbUICHHs 00JYyYCHHOM MbUTBLION B 03¢ 25 I.
Jlunust XapakTepu30Banach MEIKUM pa3MepOM YHHBAJICHTA,
BBICOKUM MeioTrmaeckuM uHaekcoM (95.68+0.50), HeOob-
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Puic. 6. OcO6eHHOCTV MOHOCOMHOW IMHUN XNTOMYaTHUKA Mo Xpomocome 18:

Identification of univalent chromosomes in monosomic lines
of cotton (Gossypium hirsutum L.) by means of cytogenetic markers

a - KycT; 6 — koHpurypaumn xpomocom (2511+11); 8 — nucT; 2 - LUBETOK; 0 — NeNecTok; e — MPULBETHUKM; X — TbIYMHOUYHAA KOJOHKA;
3 - 3ef1eHan KOPobOUKa; U — KOPOBOUKa C MAOLOHOXKKO; K, JT — PACKPbIBLIAACA KOPOHOoUKa.

MM 4HcioM Tetpana ¢ Mukposiapamu (0.86+0.26 %), BbI-
cokoH (hepTHIBHOCTBIO MBLIBLEI (95.23+0.74 %) n HU3KOH
YacCTOTOH BOCHPOM3BOJCTBA MOHOCOMHOTO COCTOSIHUSI B
noromcTBe (18.19 %), 4TO 3HAUNUTENBHO CHIIKANO YacTOTY
nepeiady rarmio-1eGUIUTHEIX TaMeT. MOHOCOMHasI JINHUS C
HEXBATKOH XpomMocombl 18 numerna Habop MOPQOIOrHIeCKUX
MIPU3HAKOB, ACCOI[MMPOBAHHBIX ¢ MOHOCOMHUEH (pHC. 6, CM.
TalI. 2), a TaKkKe OTIUIATIACH BBICOKOHM 3aBS3BIBAEMOCTHIO
cemsH (85.64 %).

3aknioyeHune

bnaronaps ucnonab30BaHUIO TPAHCIOKALMOHHBIX JIMHUHU C
WICHTU (UM POBAHHBIME XPOMOCOMAaMHU CTaJI0 BO3MOXKHBIM
MIPUBECTH HYMEPAIMIO YHUBAJIIEHTHBIX XPOMOCOM Yy MOHO-
COMHBIX JINHUH Hallel KOJUIEKIUH B COOTBETCTBHUE C 0OIIe-
[IPU3HAHHOM HOMEHKJATypol. LluTtorenernuueckas uAEHTU-
buKanys 1 HyMepanus yHUBaJICHTHBIX XPOMOCOM y 25 MOHO-
COMHBIX JINTHUH IIUTOTeHEeTHYECKOH Komteknuu HY V3 mo3so-
JIJIa YCTaHOBUTH, YTO YETHIPE MOHOCOMHBIE JTUHUU UMEIOT
YHHUBAJICHTHBIE XPOMOCOMBI ITO XpoMOcoMe 2, 15 muHwmii — 1o
XpoMocoMe 4, 4eThIpe JIMHUU — TI0 XpOMOocoMe 6, OHa JIH-
HUsL — 110 XpoMocoMme 7 cybreHoma A, M ofHa IMHHUS — IO
xpomocome 18 cybrenoma D, xjonuarHuka. bonbmuHCTBO
MOHOCOMHBIX JINHUH BBISBICHO TI0 Han0O0JIee YacToO perucT-
PUPYyEeMBIM MOHOCOMHUKAM XJIOMYaTHHKA — XPOMOCOMaM 2,
4u6.

[Tpu cpaBHHUTETHLHOM aHAIHM3E MEPBBIX 20 UICHTUPHUIUPO-
BaHHBIX MOHOCOMHKOB XJIOITYaTHHKA, ony4eHHbIX B CIIIA,
00Hapy>KEHbI CXO/IHBIE TEHICHIINH, TIOCKOJIbKY B PE3y/bTaTe
MccIe0BaHus ObLIO BBISIBIICHO CEMb MOHOCOMHKOB IO XPO-
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MOCOME 2, CeMb — 10 XpoMocoMe 4, Tpu — 1o XpoMocoMme 6
1 110 OHOMY — 10 Xpomocomam 1, 17 u 18 (Brown, Endrizzi,
1964). CxoncTBO NaHHBIX, MOTYYCHHBIX TIPU UCCIICIOBAHUN
Pa3HBIX KOJUICKIIMU, YKA3bIBACT, HECMOTPsl HA Pa3jinyus B
TeHOTUITUYECKON CpeZie ¥ METOAAX TONYYEeHUS MOHOCOMH-
KOB, Ha yIMBUTEIFHOE COBIIAJICHHUEC JAHHBIX y XJIOMYATHAKA
110 OoJbLICH YacTOTE MOSIBJIECHHS MOHOCOMHUKOB UMEHHO I10
xpomocoMaMm 2, 4 u 6, Torna Kak MOHOCOMHKH TIO JAPYTHM
XpoMocoMaM Habopa IMOSBISAIOTCA ¢ Kylda MEHBIICH JacTo-
TOH, a M0 BOCbMU HETOMOJIOTUYHBIM XpoMocoMaM (5, 8, 13
cybrenoma A, u 14, 15, 19, 22 u 24 cybrenoma D,) BooGmie
HUKOT/Ia He BEIBIUIHCH (Saha et al., 2012). [To-Buanmomy,
LIEHTPOMEPHBIE PAHOHBI OITPEIEICHHBIX XPOMOCOM TIOJIBEP-
YKEHBI O0JIee YacTO! TTOJIOMKE ¥ TEHOM B IIEJIOM OCTAeTCs TO-
JEpaHTEeH K MmoTepe OOmbIIUX A -CyOreHOMHEIX XPOMOCOM
06e3 siBHOTO A(h(heKTa Ha )KUZHECTIOCOOHOCTH U (PEPTUIILHOCTB,
TOIJA KaK XPOMOCOMBI HEKOTOPBIX MeJIKUX D -CyOreHoMHBIX
XPOMOCOM BOOOIIIEC HE TMOAICKAT KAKUM-ITHOO H3MECHCHHSIM
BCJIE/ICTBHE HECOBMECTUMOCTH C XM3HECIOCOOHOCTBHIO.
CpaBHUTENBHBIHN aHATTN3 IMTOTCHETHIECKUX 0COOCHHOCTEH
MOHOCOMUKOB XJIOITYaTHHKA U3 JIBYX KOJUICKITHI HE ITPEICTaB-
JISICTCST BOBMOYKHBIM, IIOCKOJIBKY B JINTEPATYPHBIX HCTOYHUKAX
MIPUCYTCTBYIOT JIUIIb OTPHIBOYHBIC CBEIEHHS, KAacaroIInuecs
HETPaBMIILHOTO TIOIIEPEYHOr0 AeeHus (misdivision) yHuBa-
JICHTOB ¥ YaCTOTHI BOCIPOU3BOJICTBA MOHOCOMHOTO COCTOSI-
HUS Y HEKOTOPBIX MOHOCOMHKOB aMEPUKAHCKON KOJIICKITHH.
OmHAKO CIIOKHOCTH CO3/IaHUSI CEPUHM MOHOCOMHBIX JIHHHU
y TETPAIUIOUIHOTO XJIOMYATHUKA U OYEBUIHOCThH TOTO, YTO
OTIpeIeNICHHBIC XPOMOCOMBI CyOTeHOMa A "allie BCTPeYaroTCs
B MOHOCOMHOM COCTOSTHHH, YeM XPOMOCOMEI cyOreHoma D,
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HE YMAJIAIOT HEHHOCTHU MTPOBOJAUMBIX pa60T BBUIY HE00Xx0-
JUMOCTH JaTbHEUIIIETO Pa3sBUTHSA MOJIEKYIAPHO-TCHETUYC-
CKHX I/ICCJ'IG,I[OBaHI/Iﬁ M CO3/1aHus 3aMCIIICHHBIX JIMHUN XJI0TI-
YaTHHKA.

Cnucok nutepatypbl / References

Mypasenko O.B., 3enenun A.B. HccienoBanue XpoMOCOMHOI opra-
HU3alIU TEHOMOB MEJIKOXPOMOCOMHBIX pacTeHuil. ['enernka. 2009;
45(11):1516-1529.

[Muravenko O.V., Zelenin A.V. The study of the chromosome orga-
nization of the genomes of small chromosome plants. Russ. J. Genet.
2009;45(11):1516-1529. DOI 10.1134/S1022795409110088.]

Canambsii M.®. OueHka BiIMSHAS OOMYYCHHOH MbUIbLBI HA W3MEH-
YMBOCTh KapuoTHMa pacTeHnid M, xmomdaranka. ['enernxa. 2003;
39(8):1081-1090.

[Sanamyan M.F. Evaluation of the effect of pollen irradiation on
karyotype variability in M, cotton plants. Russ. J. Genet. 2003;
39(8):909-916. DOI 10.1023/A:1025330823281.]

Canambsin M.®@., boboxyxaes 111.Y., Makamos A.X., Aunios C.I", AG-

nypaxmanoB M.1O. Co3ganue HOBOMW cepuu aHEYIUIOMIHBIX JTMHHHA
y xaonuaruuka (Gossypium hirsutum) ¢ naeHTU(UKALNCH OTICITb-
HBIX XpPOMOCOM C MTOMOIIBIO TPAHCIOKAIIMOHHBIX U SSR-Mapkepos.
BaBunoBckuii sxypHai reHetuku U cenekuuu. 2016;20(5):545-554.
DOI 10.18699/V]16.186.
[Sanamyan M.F., Bobokhujaev Sh.U., Makamov A.X., Achilov S.G.,
Abdurakhmonov LY. The creation of new aneuploid lines of the cot-
ton (Gossypium hirsutum L.) with identification of chromosomes
by translocation and SSR-markers. Vavilovskii Zhurnal Genetiki i
Selektsii = Vavilov Journal of Genetics and Breeding. 2016;20(5):
643-652. DOI 10.18699/VJ16.186. (in Russian)]

Typxos B./l., Hlenenuna I'A., HleBuyk JL.II., Kaiiceno I1.JI. Kapuomo-

ru4ecKoe u3ydeHue xyonuarauka Gossypium herbaceum L. meto-
JIOM MOHOXPOMHOTO U IU((}EePEHIIHATBHOIO OKPALINBAHUS XPOMO-
com. Jlokin. AH CCCP. 1980;4(255):992-995.
[Turkov V.D., Shelepina G.A., Shevchuk L.P., Kaysedo P.L. Karyo-
logical study of cotton Gossypium herbaceum L. by monochrome
and differential staining of chromosomes. Doklady AN SSSR = Re-
ports of the USSR Academy of Sciences. 1980;4(255):992-995. (in
Russian)]

Ashraf M., Bassett M.J. Cytogenetic analysis of translocation heterozy-
gosity in the common bean (Phaseolus vulgaris L.). Can. J. Genet.
Cytol. 1986;28(4):574-580.

Brown M.S. Identification of the chromosomes of Gossypium hirsu-
tum L. by means of translocations. J. Hered. 1980;71(4):266-274.
Brown M.S., Endrizzi J.E. The origin, fertility and transmission of

monosomic in Gossypium. Am. J. Bot. 1964;51(1):108-115.

Burnham C.R. Tester set of translocations. Maise Genet. Coop. Newsl.
1954;28:59-60.

Burnham C.R., White F.H., Livers R. Chromosomal interchanges in
barley. Cytologia. 1954;19:191-202.

Endrizzi J.E., Brown M.S. Identification of monosomes for six chro-
mosomes in Gossypium hirsutum. Am. J. Bot. 1964;51(2):117-120.

Endrizzi J.E., Turcotte E.L., Kohel R.J. Genetics, cytology and evolu-
tion of Gossypium. Adv. Genet. 1985;23:271-375.

ORCID ID
M.F. Sanamyan orcid.org/0000-0003-1840-0240

2019
23.7

NpeHTndrKayma yHMBaNeHTHbIX XPOMOCOM Y MOHOCOMUKOB
Gossypium hirsutum L. c NOMOLLbI0 LIUTOFEHETUYECKNX MapKepoB

Escalant J.V., Schwendiman J. Tentative de “banding” des chromo-
somes du cotonnier. Cot. Fib. Trop. 1984;39(2):9-14.

Gill B.S., Burnham C.R., Stringam G.R., Stout J.T., Weinheimer W.H.
Cytogenetic analysis of chromosomal translocations in the tomato:
preferential breakage in heterochromatin. Can. J. Genet. Cytol.
1980;22(3):333-341.

Lamm R., Miravalle R.J. A translocation tester set in Pisum. Hereditas.
1959;45:417-440.

Mahama A.A., Deaderick L.M., Sadanaga K., Newhouse K.E., Pal-
mer R.G. Cytogenetic analysis of translocations in Soybean.
J. Hered. 1999;90(6):648-653.

Menzel M.Y., Brown M.S. Genetic lengths and break points in twelve
chromosomes of Gossypium hirsutum involved in ten reciprocal
translocations. Genetics. 1978;88(3):541-558.

Muravenko O.V., Fedotov A.R., Punina E.O., Fedotova L.I., Grif V.G.,
Zelenin A.V. Comparison of chromosome BrdU-Hoechst-Giemsa
banding patterns of the A and (AD), genomes of cotton. Genome.
1998;41:616-625.

Saha S., Raska D.A., Stelly D.M. Upland cotton (Gossypium hirsu-
tum L.) x Hawaiian cotton (G. tomentosum Nutt. ex Seem.) F, hyb-
rid hypoaneuploid chromosome substitution series. J. Cotton Sci.
2006;1:263-272.

Saha S., Raska D.A., Stelly D.M., Manchali S., Gutierrez O.A. Hypo-
aneuploid chromosome substitution F, hybrids of Gossypium hir-
sutum L. x G. mustelinum Miers ex Watt. J. Cotton Sci. 2013;17:
102-114.

Saha S., Stelly D.M., Raska D.A., Wu J., Jenkins J.N., McCarty J.C.,
Makamov A., Gotmare V., Abdurakhmonov LY., Campbell B.T.
Ch. 6. Chromosome substitutions lines: concept, development and
utilization in the genetic improvement of Upland cotton. In: Abdura-
khmonov LY. (Ed.). Plant Breeding. Croatia: In Tech, 2012:107-128.

Saha S., Wu J., Jenkins J.N., McCarty J.C., Jr., Gutierrez O.A., Stel-
ly D.M., Percy R.G., Raska D.A. Effect of chromosome substitu-
tions from Gossypium barbadense L. 3-79 into G. hirsutum L. TM-1
on agronomic and fiber traits. J. Cotton Sci. 2004;8:162-169.

Sanamyan M.F., Petlyakova J., Rakhmatullina E.M., Sharipova E.
Ch. 10. Cytogenetic Collection of Uzbekistan. In: Abdurakhmo-
nov LY. (Ed.). World Cotton Germplasm Resources. Croatia: In
Tech, 2014:247-287. DOI 10.5772/58589.

Sanamyan M.F., Petlyakova J.E., Sharipova E.A., Abdurakhmonov L.Y.
Morphological characteristics and identification of new monosomic
stocks for cotton (Gossypium hirsutum L.). Adv. Biosci. Biotechnol.
2010;1:372-383.

Sanamyan M.F., Rakhmatullina E.M. Cytogenetic analysis of translo-
cations in cotton. Plant Breed. 2003;122:511-516.

Sjodin J. Induced translocations in Vicia faba L. Hereditas. 1971;67:
155-180.

Stelly D.M. Interfacing cytogenetics with the cotton genome mapping
effort. In: Proc. of the Beltwide Cotton Conf. New Orleans, Loui-
siana, 10—14 January. 1993;1545-1550.

Sybenga J., Wolters A.H.G. The classification of the chromosomes of
rye (Secale cereale L.): a translocation tester set. Genetica. 1972;
43:453-464.

Wang Y. A study on the Giemsa C-bands in the chromosomes of Gos-
sypium arboreum L. Acta Genetica Sinica. 1985;12(4):285-288.

BbnarogapHocTu. PaboTa BbinonHeHa Npv GrHAHCOBON Moffepkke Komuteta no Hayke v TexHonoruam n MyuHucTepcTBa MHHOBaLUiA Pecny6nnkum

Y36ekuncTaH, rpaHTbl O-5-31 1 OT-A-KX-2018-379.

KoH}pnuKT nHTepecos. ABTOpbI 3aABNAIOT 06 OTCYTCTBUM KOH(IIMKTa NHTEPECOB.
Moctynuna B pegakumio 31.05.2019. Mocne gopabotkm 21.08.2019. MpuHaATa K ny6nmnkauum 22.08.2019.

LMTOTEHETUKA PACTEHUI / PLANT CYTOGENETICS 845



UMUTOTEHETUKA PACTEHU BaBrnoBcKuUm XXypHan reHeTUKM 1 cenekuymm. 2019;23(7):846-855

OpuruHanbHoe nccneposaHue / Original article DOI 10.18699/VJ19.558

YK 633.11-14:575.116.4

MNaTaa mexayHapogfHas HayuyHasa KoHbepeHuua PlantGen2019

CosgaHue u XapaKTepUCTUKA JIMHUI MSITKOJ TTIIeHLbI
C IIeHTpuuecKou TpaHorokanei T2DL.2RL
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2 WNHCTUTYT reHeTrKn 1 yutonornm HaunoHanbHom akagemnmn Hayk benapycu, MuHck, benapycb
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Co3aaHre HTPOrpPeccMBHbLIX GOPM MATKOW MLIEHULIbI C YYXKEPOLHbIM reHeTUYeCK/M MaTepPMaioM OT KyJIbTYPHbIX
1 OUKUX BUAOB Tpurbbl Triticeae aBnaeTca 3GPeKTUBHBIM METOLOM ANA pacliMpeHns reHopoHAa NeHnLbl, Heob-
XOLAMMOTO ANA CeNeKUMOHHbIX paboT. K HacToAwweMy BpemMeHW NoyYeHbl MHOTOUMCIIEHHbIE KOSINEKLMU JINHWIA C
VNHTPOrpeccMamMmn B BUAe 3amelleHnin 1 MogndurKaLmnii XpoOMOCOM, OfHAKO CO3AaHve 1 usyyeHne GopMm MileHn-
Libl C HOBbIMY LIeHHbIMY MPY3HAaKaMU OCTalOTCA aKTyallbHbIM HanpaBneHeM COBPEMEHHbIX HayUHbIX pPa3paboTok.
Poxb Secale cereale L., Ubrt XpOMOCOMbI HECYT FeHbl, KOHTPOMPYIOLLME LieHHbIe SKOHOMUYeCKNe 1 bruonornyeckme
XapaKTepUCTUKN N CBOMCTBA, LWUMPOKO NCMOMb3yeTCA ANA NoSTyYeHnA HOBbIX popM. B aaHHOM paboTe oxapaktepu-
30BaHa NIMHYA MUEeHNLbl C TPAHCIOLMPOBAHHOWM XPOMOCOMO, KOTopas Obina NofyyeHa npu 6eKKpoCccrpoBaHU
[NCOMHO-3aMeLLeHHON MLeHNYHO-pXkaHol nnHum 2R(2D), coptom HoBocnbupckasa 67. C ncnonb3oBaHmem ¢nyo-
pecueHTHON in situ rnbpugmsaumn (FISH) n metoga C-oKpalumBaHWsA N3yYeH XPOMOCOMHbIA COCTaB KapUOTUMOB
nnHWI. NoeHTndrumpoBaHbl ABe LIeHTpUYeCcKme MNeHNYHO-pXKaHble TPaHCIoLMPOBaHHbIE XPOMOCOMbI, 06pa3o-
BaHHble 3 ABYX ANNHHbIX ney xpomocom 2D 1 2R, T2DL.2RL. OcTanbHble 40 XpOMOCOM MLIEeHNULbl He MOABEPIANCH
CTPYKTYPHbIM U3MeHeHUAM. Melno3 NMMHWIA XapaKTepun3oBasncsa cTabunbHocTbio. Xpomocombl T2DL.2RL dopmumpo-
Bany 61BaneHTbl BO BCEX MeoLUTax, YTO NMOATBEPXKAAET X FOMONOrMYHOCTb. 1o Mopdonornyecknm npusHakam
konoca nuHuA T2DL.2RL He otnnyanack oT copta HoBocmbrpckas 67. NpoBefeH CpaBHUTENbHDBIN aHann3 nokasa-
Tenen aneMeHTOB NPOAYKTUBHOCTU Y IMHMM € TpaHcokaumen T2DL.2RL n pogutenbckux popm, copta HoBocnbup-
cKkasA 67 N AUCOMHO-3aMeLLeHHON MNeHNYHO-pPxKaHo NnHnK 2R(2D),. Mo pe3ynbtatam cpaBHeHuA, nuHna T2DL.2RL
[LOCTOBEPHO ycTynaeT copTy HoBocnbrpckasa 67 no Bcem nokasatenam C pasfivyHON CTeNeHblo [JOCTOBEPHOCTU.
MokasaTtenu NpoayKTMBHOCTU NMHKUK 2R(2D), npeBocxoannmn 1mbo He OTAMYANKCL OT NOKa3aTenen IMHUK C TPaHC-
nokaument T2DL.2RL, ogHako macca 1000 3epeH 6bina 4OCTOBEPHO MeHblue. OOHapyXeHO TaKXe BNAHME TPaHC-
nokaumun T2DL.2RL Ha npur3HaK «BblCOTa pacTeHrA». ITOT NoKasaTtesb Obin JOCTOBEPHO HUXKe, YemM y HoBocmbup-
cKkom 67, B ycnoBuax AByx Beretaumii. CnegoBatenbHo, TpaHcnokauma T2DL.2RL BnuAeT Ha ymeHbLUeHne BblCOTbl
pacTeHuid, a Tak>Ke Bbl3blBaeT OTpuULaTeNbHbIA 3GPeKT Ha 31eMeHTbl NPOAYKTUBHOCTY.

KnioueBble cnoBa: uyxkepofHasa nHtporpeccus; FISH; C-okpaluvBaHue; LeHTpryecKme TpaHCIoKaLmy; BblicoTa pac-
TEHWU; NPOAYKTUBHOCTL; POXb Secale cereale L.; markaa nwenwuua Triticum aestivum L.

Onsa yntuposaHus: Visanosa tO.H., Conosen J1.A,, JlornHosa [.6., MupolwHukosa E.E., lyboseu H.W., Cunkosa O.T.
Co3paHune 1 XxapakTepucTKa IMHUM MATKON MLEHULbI C LleHTpuyeckon TpaHcnokaumven T2DL.2RL. BaBunosckui
KypHan reHeTnkm n cenekuyun. 2019;23(7):846-855. DOI 10.18699/VJ19.558

The creation and characterization of the bread wheat line
with a centric translocation T2DL.2RL

Yu.N. Ivanoval! @, L.A. Solovey?, D.B. Loginoval, E.E. Miroshnikova?, N.I. Dubovets?, O.G. Silkoval’3
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The development of bread wheat introgressions with alien genetic material from cultural and wild Triticeae species
is an effective method for expanding the wheat gene pool necessary for breeding. To date, numerous collections
of introgressions as substitutions and chromosome modifications have been obtained; however, the creation and
study of wheat with new valuable traits still remain an important line of research. Rye Secale cereale L., whose
chromosomes carry genes that control valuable economic and biological characteristics and properties, is widely
used to produce new wheat forms. In this study, a wheat-rye translocation obtained by backcrossing the wheat-rye
disomic-substitution line 2R(2D), with the variety Novosibirskaya 67 was characterized. The chromosomal compo-
sition of karyotypes was studied using fluorescent in situ hybridization and C-banding. Two centric translocations,
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Co3fjaHue 1 XxapaKTepucTuKa MHUN MATKON NWeHWL bl
C LUeHTpuyeckon TpaHcnokauuer T2DL.2RL

derived from two long arms of chromosomes 2D and 2R, T2DL.2RL, were identified, the remaining 40 wheat chro-
mosomes did not undergo modifications. Meiosis in the lines was stable. Chromosomes T2DL.2RL formed bivalents
in all meiocytes, which confirmed their homology. The morphological characteristics of the spike in the T2DL.2RL
line and Novosibirskaya 67 did not differ. A comparative analysis of productivity between the T2DL.2RL transloca-
tion line and the parental forms, Novosibirskaya 67 and the 2R(2D), line, was carried out. The T2DL.2RL line is inferior
to Novosibirskaya 67 in all characters with different confidence levels. The productivity characters of the 2R(2D), line
exceeded or did not differ from those of T2DL.2RL, however, the mass of 1000 grains was significantly lower. The
results showed the effect of the T2DL.2RL translocation on the trait “plant height”. This character was significantly
lower than that of Novosibirskaya 67 in two vegetation periods. Consequently, the T2DL.2RL translocation reduces
plant height and productivity.

Key words: alien introgression; FISH; C-banding; centric translocations; plant height; productivity; rye Secale
cereale L.; bread wheat Triticum aestivum L.

For citation: Ivanova Yu.N., Solovey L.A., Loginova D.B., Miroshnikova E.E., Dubovets N.I,, Silkova O.G. The creation
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BBepeHune

Msrkas nuennna Triticum aestivum L. —3T0 cTpareruueckas
MIPOJOBOIBCTBEHHAS KyJAbTYypa MHUPOBOTO 3HAYCHUS, BO3-
nenbiBaeMas 6osiee yem Ha 200 MITH Ta ¥ 00eCIeurnBaroIiast
MUTAHUEM TPETh HacesieHus 3eMHoro 1rapa (Rasheed et al.,
2018). 3HauNMBIM TIEPUOJOM B CEJCKIMH IIICHHUIBI ObLIa
«3enenas pesoitouus» (1967-1970 rr.), Bo Bpemst KOTOpoi
YAAJIOCh JIOCTUTHYTh 3HAYUTEIBHOTO IIPOrpecca B yBeJIude-
HUH YPO)KaHHOCTH ITOH KYIBTYPHI B Pa3BHBAIOIIIXCS CTPa-
HaX. YCIIeX «3€JICHOU PEBOJFOIUIY CTaJl BO3MOKCH Ollaroapst
UCIIOJIb30BAHUIO TEHOB KapJIMKOBOCTH, HEUYyBCTBUTEILHOCTH
K (hOTOTIEPHOY B YCTOHIHBOCTH K cTeOIeBOIl prkaBunHe. Ee
MOCJIEACTBIEM OBIIO 3HAYUTEIILHOE COKpAIlleHHE TeHeTHYe-
CKOTO pa3HOo00pasust B cOpTax MArKoH mieHuIbl. OTCyTCTBHE
AJIIENFHOTO Pa3HO00pa3 sl OrPAaHUIHBAJIO YITYYIICHAE TAKIX
MIPHU3HAKOB, KaK YPOXKAHHOCTh, KAYECTBO 3€PHA, a TAKXKE CIIC-
JIAJIO TIIICHHUILY 00JIee yA3BUMOM K OMOJIOTHUSCKIM U 3KOJIOTH-
YECKUM cTpeccaM. B CBS3M ¢ 3THM BO3HHKIIA HEOOXOAUMOCTh
B Oosiee 3pPCKTUBHOM HCIOIH30BAHUHU B CEIICKIIMOHHBIX
porpaMMax YHHKaJbHOTO T€HETHYECKOTO pazHooOpasws,
COOpPaHHOTO B KOJUTEKIIUSIX ITIICHUII X €€ POJICTBEHHBIX BUIOB
(Rasheed et al., 2018).

JluKue v KyJbTypHBIC BUIbBI, @ TAK)KE MECTHBIC COpPTa I10-
MIPEKHEMY OCTAIOTCS HEeNCUEPIIaeMbIMA XPaHIJIHIIIAMU T'eHe-
TUYECKOTO pa3HO00pa3us, a OTHAICHHAS THOPUIM3AIINS SIB-
JISIETCS I UM CIIOCOO0M TS TIepeadu 3TOT0 pa3HO00pas3us
(Jiang et al., 1994; Friebe et al., 1996; Feuillet et al., 2008;
Mujeeb-Kazi et al., 2013). B kauecTBe MCTOYHMKA HOBBIX
MIPU3HAKOB IITHPOKO MPUMEHSIOT BHIbI-JOHOPBI CYOTCHOMOB
MSATKOH MImeHunsl Triticum monococcum, Aegilops tauschii
u T. dicoccoides, a Taxxe 0ornee OTAATICHHBIE TUKUE BHJIBI
ponos Triticum, Aegilops, Haynaldia, Thinopyrum n Bun
KyJIBTUBUpPYEeMO pxku Secale cereale L.

Hcnonp3oBanue (opM MIICHULBI ¢ UHTPOTPECCUCH dy-
KEPOJHOro XpoMmaTuHa (aM(UIUIUION/IbI, JONOJHEHHBIE,
3aMeIICHHBIC W TPAHCIOMPOBAHHBIC JIMHNAMN) IS CO3JaHMUS
MPEeOPUAMHIOBOTO MaTepraia UMEET CBOU MIPEUMYIIICCTBA B
CPaBHEHUH C MEXBHUJIOBOI M MEXPOIOBOH rHOpuan3aIue.
OnHO U3 HUX — 3TO BO3MOKHOCTH OOBEKTUBHO OIICHUTH d(-
(hekT UyKEepOTHON MHTPOTPECCHU B PA3IMYHBIX BapUaHTaX
TeHOTUITMYCCKOM cpepl mieHuIlsl (Jiang et al., 1994; Friebe
etal., 1996; Rasheed et al., 2018). FI3BecTHO, 4TO HETaTHBHBIE
3¢ deKThI, HAOMIONACMbIC P HHTPOTPECCHH TEHOB, MOTYT
BO3HHKATh HE TOJILKO B CBSI3H C MPHCYTCTBUEM (parMEeHTOB

Yy>KEPOIHOTO TCHOMA, HO U B PE3YJIbTaTe BIUSHNS T€HOTUIIH-
4eCcKo# cpenbl copra-perunuenta (Jleonosa, 2018).

JIuHuy nueHunsl ¢ UHTPOrPECCUei 4yKEepOAHOro Mare-
puana B Buae (PparMeHTOB XPOMOCOM DPA3IMYHON BEIHUH-
HBI, BKJTFOYEHHBIX B XPOMOCOMBI IIICHUIIBI (TPAHCIIOKALINHN),
OBUIN TOJTy4YEHBI PA3HBIMHU CIIOCOOAMM: ITyTEM BO3/ICHCTBUS
PaToaKTUBHOTO M3JIyYCHHUS, HHAYKIMEH TOMEOJIOTHIHOTO
CIIapHBaHMs C MCIIOIB30BAaHUEM CHCTeMBI Ph JoKyca, pas-
JIeJIeHHEM YHHBAJICHTOB I10 LIEHTPOMEpE, a TAK)Ke CIIOHTaH-
HO (Zhang et al., 2007). Takum 00pa3oM B T€HOM MSTKON
MIICHUIBI ObUI MepeiaH IeHeTHYSCKUH MaTepHual BHOB
Aegilops, T. timopheevii, Thinopyrum, S. cereale (Friebe et
al., 1996; Fu et al., 2012; Liu et al., 2013; Timonova et al.,
2013; Leonova, Budashkina, 2017). B 0630pe (Friebe et al.,
1996) onucansl 57 TpaHcaoKaiuii. JlecsaTh U3 HUX SBISIFOTCS
PoGepTconoBcknMH, y 45 TpaHCIOKAIMA Ty>KEPOTHBIE CET-
MEHTBI XPOMOCOM PACIOJIOKEHBI TUCTAIBHO Ha XPOMOCO-
Max IMUIEHHUIBL, 1 2 TPAHCIOKAlUU UMEIOT MHTEPKaJSIpHbIE
BCTaBKH. J{JIs1 IIMPOKOTO MCHONB30BaHUSI (POPM MIEHUIIBI C
TPAHCIIOKAIMSIMHU BaYKHO MECTO JIOKAJIM3ALUH Ty>KEPOIHOTO
(hparmMeHTa Ha XPOMOCOME IIIEHHIIbI, CHHTEHHUS XPOMOCOMBI
JIOHOpa XpPOMOCOME PELUINEHTA, 00ECTICINBAIOIIAS XOPOLITYIO
KOMITCHCAIIMOHHYIO CITOCOOHOCTH XPOMOCOMBI JOHOPA, & TaK-
K€ HOpMaJlbHasl Tiepeiadya HHTPOTPeCCUPOBAHHOTO MaTepua-
J1a IOTOMCTBY, JKE€JIaTENbHO 110 3akoHaM Menzeins. Hecmotps
Ha TO 4TO B TeHOaHKaX MHUpPa B OOJIBIIIOM KOJIMYECTBE CO3/1aHbI
W XPAHSTCS JIMHUY TIICHULBI C TPAHCIOKAIMSMH, JIMIIb Ma-
J1ast 4aCTh KOJJIEKIINH UCTIOIb3YETCs B KaUECTBE MPEOPHUINH-
rosoro mMarepuana (Friebe et al., 1996; Jleonona, 2018). Bo
MHOTUX CJIy4asiX 9TO OOBSICHSETCS OTCYTCTBHEM KOMIICHCA-
IIUOHHOW CIOCOOHOCTH UyKepoaHoi nHTporpeccun. OmHO
13 TpeOOBaHMH IS TMHUH C TPAHCIIOKALUSIMH — BKIIIOUCHHUE
HeOoIbIIoro ()parMeHTa Yy)KEepoJHOr0 XpoMaruHa B Xpo-
MOCOMY TIIEHUIIBI, YTO MPEAIOoNaraeT IeJIeBOi MepeHoc He-
00X0IMMOro y4acTka XpoMocoMmbl. OZHAKO CIIOHTaHHbBIC
MeHnYHo-pkanblie Tpanciaokauu 1BL.1RS and 1AL.1RS
SIBJISTIOTCSI IPUMEPOM TeHEeTHUYeCKH cOaaHcupoBaHHbBIX Po-
0epTCOHOBCKUX TPAHCIIOKAIMI, KOTOPbIE CTAJIM CAMBIMH yC-
NEIHBIMU CPEIY TIIEHUYHO-UY)KEPOJHBIX TPAHCIOKALNH,
MCTIONB30BAaHHBIX B CEEKINH MIIeHUIH (Jiang et al., 1994;
Rasheed et al., 2018). [To-BuauMomy, epeaada afanTHBHBIX
CLCTUICHHBIX JIOKYCOB B [OJIMIUIOUHBIA T€HOM MSTKOM IIie-
HUIIBI MOKET OBITH O0JIee TOAXOAIINM CIIOCO00M, UeM Tepe-
Jlavya eIMHUYHBIX TeHOB. [IImeHnYHO-pKaHast TpaHCIOKaus
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1RS.1BL HeceT npu3HaKH yCTOMYMBOCTH K MyHIHUCTOI poce,
Oypoii, >kenToi M cTebIeBOI prKaBUMHE, YBEININBACT YPO-
JKaWHOCTh M HE YXY/IIAEeT Ka4YeCTBO 3€pPHA B ONPEICIICHHBIX
coproBsix reHotunax (Friebe et al., 1996; Belan et al., 2015).
Tpancnoxarws 1 RS.1BL BXoauT B TeHOMBI MHOTHX COBPEMEH-
HBIX KOMMEPYECKHX COPTOB SPOBOM M O3MMOM MSITKOI Ire-
uutpl (CtenoukuH u ap., 2012; Belan et al., 2015). Co3nanbr
aJyutoria3MaTdecKkue peKkoMOMHaHTHeIe nuHuH (H. vulga-
re) — T. aestivum c Tpancnokanuei 1RS.1BL, xoropsie no-
Ka3aJIi NPEUMYIIECTBO 110 CPABHEHUIO C COpPTaMU-CTaHIap-
TaMH{ 10 YCTOMYMBOCTH K Oypoi M cTeOIeBOW prkaBUMHE,
YpOXXaHOCTH, KauecTBy 3epHa. Ha MX OCHOBE MOITydeHBI
copra sipoBoi Msrkoi mnueHuibl Curma, Ypanocuoupcekas 2
n Ummmckast 11 (Pershina et al., 2018).

Pabots1 1o nepenade qy’KepOAHOTO TEHETHYECKOTO MaTe-
puajia B rCHOM IMUICHUIbI HE TEPAIOT CcBOCH AKTYyaJIbHOCTH,
(hOpMBI TMIITEHUIIB! C HOBBIMH LIEHHBIMHU TIPU3HAKAMH CO3/1Af0T-
Cs1 BO MHOTHX JJaDOPaTOpHsIX MUpPa, a TIOTEHIINAN TeHO(OH 1a
P’KH1 KaK UICTOYHUK XO3SIMCTBEHHO LCHHBIX ITPU3HAKOB JAJICKO
He ucuepmnad (An et al., 2013; Ren et al., 2017; Schlegel,
2019). B xauecTBe HCTOYHUKA BAKHBIX ITPU3HAKOB UCIIONIB3Y-
I0TCA JIMHUU C NIIEHUYHO-PKaHbIM 3aMCIICHUEM XPOMOCOM
2R(2D), u LeHTpUIECKMMH TPaHCIOKALMAMH, B CTPYKTYPY
KOTOPBIX BKJIIOYEHO JJIMHHOE TUIEY0 XpPOMOCOMBI poku 2RL.
OHU XapaKTepHU3yl0TCs YCTOWIMBOCTBIO K TECCEHCKON MyXe
(Friebe et al., 1990), myunucroii poce, Oypoii, crebneBoit u
enrtoit p>kaBunHaMm (Heun, Friebe, 1990; Mclntosh et al.,
1995; Merker, Forsstrom, 2000; Hysing et al., 2007; Lei et
al., 2011; Li et al., 2018). Ilpucyrcteue 2RL yBenmnumBaet
coziepkanne apaOMHOKCHIIaHa B 3€PHE, KOTOPHIH BIUSET Ha
XJ1e00NeKapHOe U MHUIIEBOE KauecTBO 3epHOBLIX (Boros et al.,
2002). Xpomocoma 2R yBenmnunBaet 3P (peKTHBHOCTD UCTIONb-
30BaHUsI BO/IBI M YKOPEHEHHUS! PACTCHUH IPH BBIPAIINBAHUHT
ux B 3acyuutuBbix yciosusix (Ehdaie et al., 2003).

Henpro qaHHOM pabOTHI OBIIIO H3YYUTH XPOMOCOMHBIN CO-
CTaB, MCHOTHYECKYIO0 CTAOMIIBHOCTD Y JIMHUI C HHTpOTrpec-
cueil xpomocombl pxu 2R B copre HoBocubupckas 67, a
Takke omucath MophoOnoIormuecKrne MpU3HAKH KOJIoca U
MIPOBECTH OLICHKY JIEMEHTOB IPOYKTUBHOCTH PACTCHHH.

MaTepman n metogbl

PacturtenbHsblii MaTepuan. B pabore ObUIN HCTIONB30BAHBL:
JUHUM COPTOB MATKOM mieHuusl 1. aestivum L., CapaTos-
ckas 29 (C29), Hoocubupckas 67 (H67), mmeHnaHO-pkaHas
JIMCOMHO-3aMenleHHas muausd 2R(2D), (2n = 42) (Cunkopa 1
np., 2006). Panee B UL ul" CO PAH nonyuens! qucoMHo-3a-
MermieHHbIe (2n = 42) mmenudHo-pkansle JuHAN (I1lamosa,
Kpasuoga, 1990). Bce nunun, xpome 2R(2D),, 2R(2D),,
2R(2D),, co3nanbl Ha reHeTHYECKOH 0cHOBE copra CaparoB-
ckas 29 (Cunxosa u 1p., 2006). ¥ nurmnu 2R(2D), npouentHoe
cojiep)KaHHEe JIOKYCOB C aJUIeNIsIMH, OTIHMYHBIME 0T C29 n
xapaxTepHbIMU 171 copTta H67, coctaBuio 13.7 % (Cunkoa
u ap., 2006). ns cozganus 3amemenHo# suamn 2R(2D) Ha
copre H67 mposeneHo 6ekkpoccuposanue auHuu 2R(2D),
coprom H67 (puc. 1). B moromerse BC, nszyuen xpomocom-
HBIA cocTaB y 21 pacTteHus ¢ momomsio C-OKpanTiBaHUs,
y Tpex pactenuit 26-11, 26-12, 26-13 obnapyxeHO 1O 0f-
HOW MOAM(DUIIMPOBAHHOM XPOMOCOME PKH, KOTOpas Oblia
naeatTudunuposana kak T2R.2DL (cm. puc. 1) (Kpacunosa
u ap., 2011). ITocne nmocnexyromero OEKKpOCCUPOBAHUS
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BC,
2R(2D), x H67

A
BC,
BC, xH67
C-banding, Tpu pacTeHnA C TpaHCIoKaLmen Xxpomocombl 2R:
26-11,26-12,26-13

Y
BC;
BC,(26-11, 26-12) x H67
C-banding, 13 pacTeHui1 ¢ TpaHcoKaLyel XxpoMocombl 2R.
B BC;(26-12xH67) oTobpaHo Tpu pactenuna 2n = 40W +2T2R.2DL:
12-2,12-5,12-10

Puc. 1. MonyuyeHune pacteHnn ¢ TpaHcnokauven T2R.2DL.

Ta6nuua 1. V3yyeHHbI pacTUTENbHbIA MaTepuran

Homep pacteHus Homep genaHkum

(uncno pacteHnn BC5F,)

BC, BGC, BCsF,, Jleto 2018 . 3Mma-BecHa
OoCeHb-31Ma 2019r.
2017

2612 ......... 1 22 ........... 1 61 ..................... 1 (20) .................. 1 3(26) ..............
1622(20) .................. 1 4(29) ..............
]643(20) .................. 1 5(29) ..............
125 ............ 1 73 ................... 4 ( 2 0) .................. 1 6 . (28) ..............
1745(20) .................. 1 7(25) ..............
1756(20) .................. 1 8(27) ..............
1210 .........................................................................................

18-6 8(20) 20(15)
1899(20)21(28) ..............

9TUX PACTEHUH NPOBEIEH AHAIU3 KAPUOTUIIOB y IIOTOMKOB.
B noromctee BC; (26-12xH67) BBIABIEHO TPU PaCcTEHHS C
JIBYMsI MOTU(UITMPOBAaHHBIME XpoMocomamu 2R (cm. puc. 1).
IToToMCTBO 3TUX TPEX PACTEHUI U3y4aJIOCh B HACTOSALIEH pa-
6ore (tabm. 1).

Pactenus BeIpanuBay B yCIOBUSX THAPOIIOHHOM TETUTHIIBI
Bereraruu oceHb—3uma 2017 1., 3uma—Becna 2019 r. (;1abopa-
TOPUS UCKYCCTBEHHOTO BbIpaiuBanus pacrenuit @UL UL ul"
CO PAH), pexxuM ocBeneHus JAeHb:HOUL — 16:8, a Takke
netom 2018 1. Ha sKcTIepUMeHTaTbHOM 1oie CeNleKIIMOHHO-
renernyeckoro komruiekca GUILL UIul” CO PAH.

®ayopecuentHas in situ ruopuguzanus (FISH). Mu-
ToTHYecKue U Meloruueckue npenaparsl 11t FISH roro-
BIJIM TIO OMTUCaHHOM panee metonuke (Silkova et al., 2018).
MuToTHYECKHE TpeTapaThl TOTOBUIIM M3 KOPEIIKOB BEreTH-
pyromx pactenuii BC;F,. Konocks nis MefoTHueckoro ana-
nusa ¢ukcuposanu y pacrenuii BC,F,. Ananusuposanu
MEHONMTHI Ha CTAAMSX TNaKuHe3a, Metadassl I, anadassl [ n
tenodassr 1. B pabote ucnons3zosanu: npody Aegilops taus-
chii pAet6-09, ciennpuaHyTo IS IEHTPOMEPHBIX TOBTOPOB
XPOMOCOM pHcCa, MIICHUIbI, p>ku U stumens (Zhang et al.,
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2004); pAWRc, cieuuduaHyo ist IEHTPOMEPHOTO OBTOpa
xpomocom pxku (Francki, 2001), u reromayto THK pxu. O6-
pasusl JJHK moBTopoB pAet6-09 u pAWRCc mo6e3Ho mpero-
crasiieHbl 1-poM A. Lukaszewcki (YausepcureT Pusepcaii,
Kamudopumsa, CIIA). Learpomepo-cnennduaasie mpoos!
meTw oOnotuaoM 16-dUTP wnum qurokcurennaom 11-dUTP
IIpU oMoIIM noinuMepasHoit nenHoit peakuu (I1P). Cym-
Mapayto IHK pxu METHITH HUK-TpaHCISIIAEH ¢ OMOTHHOM
16-dUTP nmm muroxcurenuHom 11-dUTP. TIpoGsr ncmoms-
30BaJI COBMECTHO B Pa3IMYHBIX MIPOMOPIMIX U CMELINBAIIN
¢ 6noxupyromieit mmenanunor JJHK. ITpemapars! 3axmodanu
B cpeny Vectashield antifade solution (Vector Laboratories),
3aMeJUISIONIYIO BbIIBETaHHE (hIIyOPECLEHIIUH, COAEPIKALILY IO
1 mxr/ma DAPI (4',6-diamidino-2-phenylindol, Sigma-Ald-
rich, CIIIA) mst okpammBaHus XpoMaTtruHa. Bee mpemapatsr
aHaJIM3UPOBAIIM TIPH TIOMOILM MHKpockona Axio ImagerM1
(KarlZeiss, I'epmanns). M300pakeHnss pernucTprupoBaIn Ka-
Mepoii ProgRes MF (Meta Systems, Jenoptic) 8 LIKII mukpo-
CKOMMYECKOro aHaym3a ouosiorunyeckux oobekroB CO PAH u
00pabaTkIBalIy C UCTIOIb30BaHUEM IIPOTPAMMHOTO o0ecriede-
Hust Adobe Photoshop CS2.

C-nuddepennnanbHoe okpamupanue (C-banding)
kapuotunos BC;F, nposoauin no panee onmyOIMKOBaHHON
Mmetonuke (Badaeva et al., 1990). Mutotudeckue mpemnapars
TOTOBIJIM M3 KOPEIIKOB MPOPOIIEHHBIX 3epHOBOK. IIpema-
paThl aHAIM3UPOBATH C TIOMOINBIO MHUKpockoma Amplival
(Karl Zeiss, 'epmanus). neHTH(UKAINIO HHIWBHTYaTBHBIX
xpomocoMm TeHoMoB A, B, D u R ocymectensuin cormacHo
00001IeHHON BUAOBOW mamorpamme nudQepeHnnantbHo
OKpalIeHHBIX xpoMocoM (Badaeva et al., 1990).

AHaJIN3 X03511iCTBEHHO EeHHBIX MPU3HaKoB. [Ipoananu-
3HPOBAHBI CJICAYIOIMINE SIEMEHTHI TPOTYKTUBHOCTH: BBICOTA
pacTeHus, JJIMHA COJIOMHHBI, IPOAYKTHBHASI KyCTHCTOCTB,
JUIMHA [IIAaBHOTO KOJIOCa, KOJIMYECTBO 3€PEH [TIaBHOTO KOIoca,
Macca 3epeH IIIaBHOTO KOJIOCa, KOTMYECTBO 3€PEH C paCTeHHS,
Macca 3epeH ¢ pacrtenus, macca 1000 3epen. CraTucTuyeckuit
aHaJIN3 MPOBEJICH 110 #-KpuTepuio CThIOEHTA.

6

2019
23-7

Co3fjaHue 1 XxapaKTepucTuKa MHUN MATKON NWeHWL bl
C LUeHTpuyeckon TpaHcnokauuer T2DL.2RL

PesynbTatbl 1 06CyxaeHne

MoneKkynapHO-LUTOreHeTUYeCKNin aHanms

cocTaBa XpOMOCOM 11 MeiOTUYECKOro fieNeHnn

Y IHNIA C TPAHC/IOLMPOBAHHOWN XPOMOCOMO

Juis uaeHTuduKanum Moau(GUIUPOBAHHONW XPOMOCOMBI U
aHaJIM3a XPOMOCOMHOTO COCTaBa y JIMHUI MPOBEICHO OKpa-
myBaHue xpomMocoM ¢ ucrnoib3oBanneM FISH n C-banding.
FISH-ananu3 kapuotumnos ¢ 3ou70M o6tmeit JJHK pxxu u nient-
pomepo-crerupuaHsIMA MoBTOpamMu pAWRce u pAet6-09
BBISIBUJI JIBE TPAHCIIOIMPOBAHHbBIE XPOMOCOMBI (puc. 2).

Ha oaHOM miiede XpoMOCOMBI JIOKQJIM30BaH 30H] 001Iei
JHK pxu (cMm. puc. 2, a, 6), a B IEHTPOMEPHOM palioHE —
noBTopsl pAWRC (@) 1 pAet6-09 (6). CaenoBarenbHO, OIHO
IUICYO BMECTE C LIEHTPOMEPHBIM PailOHOM y ATHX XPOMOCOM
MPUHAAISKUT XpoMocome pxku 2R (a). Takum obpazom, B
pesyabrare pa3psiBoB XpomocoM 2R u 2D B npurieHTpoMep-
HOM paifoHe 1 MOCJIETYIOLIETO CIMSHUS I1JIeY XPOMOCOM PIKH
U MIIEHAIB! ObUTa 00pa30BaHa IEHTPUUECKast TPAHCIOKALHS
T2DL.2R.

C moMOIIBI0 OKPANIUBAHUS XPOMOCOM Y KapHOTHUIIOB
pacrenuit BC,F, (cm. tabn. 1) metonom C-banding BeisBiIeH
TMIOJTHBIN HA0OP XPOMOCOM ITIICHUIIBI, KpOME XpOoMOcoMBI 2D.
M3y4eHHbIe KapUOTHIIBI OKa3aJIMCh MICHTUYHBIMU. Moju-
(unupoBaHHas XpoMocoMa MICHTH(UIIMPOBaHA KaK ICHT-
pudecKasi MIIEHUYHO-pKaHAsl TPAHCIIOKALMS, COCTOSIIas
U3 IBYX JUIMHHBIX Iuted xpomocoMm 2D u 2R — T2DL.2RL
(puc. 3).

W3BecTHO, 4TO HEeHTpUUeckue uin PobeprcoHoBckue
TPaHCJIOKAIMK YacTo 00pa3yloTCsi B OTOMCTBE JIBOMHBIX
MIICHUIHO-pKaHbIX MoHOocoMuKoB (Lukaszewski, 1993;
Marais G.F., Marais A.S., 1994; Liu et al., 2013). MexaHusm
(hopMHpOBaHUS LIECHTPHUUECKUX TPAHCIOKALMIl BBISBICH B
Melo3€e IBOWHBIX MOHOCOMUKOB 1 A-1H! (Msrkas nmenuna —
Elymus trachycaulus) (Friebe et al., 2005). Xpomocomsr 1A
u 1H'He SBIAIOTCA TOMOJIOraMH, IO3TOMY B Me03€ OHH HE
(hopMupoBaM OMBAIEHT U N3-32 AHOMAJIBHOTO PACXOXKICHHS

pAet6-09

Puc. 2. KaproTunbl pacTeHWi C LEHTPUYECKON NIIEHNYHO-PXKAHOW TpaHCnoKauvel 16-1 (a) n 17-4 (6).

[HK p>u okpalueHa 3eneHbim (a) v KpacHbiM (6), AHK xpomocom — cuHum (DAPI).
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Puc. 3. C-okpaluvBaHMe XpoOMOCOM KapuoTuna IMHUK C TpaHCIoKauven
T2DL.2RL.

B IIEPBOM JITICHUN Mei03a MOTIIM Pa3pBIBATHCS B IICHTPOMEP-
HOM paiione. OObeAMHEHHE TIET XPOMOCOM ITPOUCXOINIIO BO
BpeMs HHTEPKHHE3a, TaK KaK YK€ BO BTOPOM JIeIeHUH Meio3a
unenTuduumposanacs Tpanciokanus T1A.1TH!. Xpomoco-
Ma 2R ¢ U3MEHEHHOU CTPYKTYPOH B MOHOCOMHOM COCTOSIHUU
ObL1a 0OHapyKeHa HaMH B KapuoTunax pactenuit BC,, koro-
pble ObLIM TTOJTyY€eHBI B pe3ynbTare Oekkpocca pactenuii BC,,
SIBJISIFOIIUXCST IBOMHBIMU MOHOcOMHKaMu 2R-2D. Anamnus
Melo03a y ABOWHBIX MOHOCOMUKOB 2R-2D ¢ ncrnonb3oBaHuemM
TeHOMHOM 7 sify THOPUIN3AIINH TT0Ka3aJl, YTO B pe3ysIbTaTe
pa3pbIBa B IIEHTPOMEPE XPOMOCOMEI 2R TemoneHTpuKu Mo-
I'yT 00pa30BBIBaTHCS HE TOJBKO BO BTOPOM, HO M B IIEPBOM
nenennu Meriosa (CuiikoBa u nip., 2014). CrnenoBarensbHo,
MeXaHu3M (OPMHUPOBAHHS IEHTPUICCKOW TPAHCIOKAIIUU
T2DL.2RL moxeT ObITh aHATIOTHYHBIM OITMCAHHOMY B padoTe
(Friebe et al., 2005).

HccrnenoBanus mo mepeaavye 4yKepoJHOTO MaTepraia B
T€HOM MSITKOH IMIIEHUIBI TOKA3BIBAIOT, YTO CO3JJaHHbIE ()OPMBI
1 JIMHAW MOTYT XapaKTePU30BaThCsl HU3KOH (PePTUITEHOCTHIO U
notepei naTporpeccuii (Jiang et al., 1994). OqHoit n3 mpuanH
SIBIISIETCS MEHOTHYECKast HeCTaOMITBHOCTD U3-3a T€HETUYECKON
HECOBMECTHMOCTH F€HOMA MSTKOH MIIEHHIIBI C 9yKEePOJHBIMI
HHTPOTPECCUsIMU. B CBS3H C ITUM HaMU U3yUYCHO ITOBEICHHE
XpOMOCOM B M€W03€ y IMHUH ¢ TpaHciaokanuen. s ananusa
MTOBEJICHUST HEMIOCPEICTBEHHO TPAHCIOINPOBAHHBIX XPOMO-
coMm ucnonb3oBaincs FISH ¢ 3onmamu odmeit JJHK pxu u
LEeHTpoMepo-crieuduuHoro nmosropa pAet6-09. OcHoBHOM
XapaKTePUCTHKON CTa0MIILHOCTH Mei03a SIBISIETCS] POPMHUPO-
BaHNC OMBaJICHTOB Ha craanu MeTadassl 1. [To pesynpraram
aHajm3a, BO BCeX MeHoIuTax Ha CTaiusX JuaKkuHesa (puc. 4)
u metadassl | (puc. 5, a, 6) 6uBaneHTH POPMUPYIOTCS KaK
XpPOMOCOMaMH MIICHUIIBI, TaK U TPAHCIOIMUPOBAaHHBIMU
xpoMocomamH (Tab:. 2). ['oMonoruuHas mpupoaa XpoMocoM
T2DL.2RL moarBepkmaercst TeM, 4TO OHH (HOPMHPOBATH
OMBAaJICHTHI BO BCEX MEHOIIUTAX.
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Puc. 4. DopmmpoBaHme 3aKpbITOro (KonbLeBoro) 6reaneHTa TpaHCIoLm-
POBaHHbBIMV XPOMOCOMaMW Ha CTaAnmn ANaKnHe3a.
34€ech 1 Ha PUC. 5: KPaCHbIM OKpaLLeHbl Niaeyr XpoMocom pxm 2RL, cuHum —

nneym XxpoMocom nueHuubl 2DL, 3eneHbiM — LeHTpOMepPHbIe parioHbl XPOo-
MOCOM.

Puc. 5. NoBefeHne TpaHCIOLMPOBaHHbIX XPOMOCOM B Melio3e. Dopmu-
pOBaHMe 3aKpbITOro (KoMbLeBoro) (a) n oTKpbIToro (6) buaneHTa B Me-
Tadase |. MpaBunbHOE pacxoxieHne TPAHCIOLMPOBAHHbBIX XPOMOCOM B
aHadase | (8). TpaHCIOLMPOBaHHbIE XPOMOCOMbI BKIIOUEHbI B KaXayto 13
yeTblpex MUKPOCMOp Ha CTaguu TeTpag ().

Xpomocomsl T2DL.2RL nipaBHIIEHO pacTipeaessuTich MeK-
Iy TIOJIFOCAMH B TICPBOM JICJICHUH (CM. pHUC. 5, 6), a B KOHIIC
MEHOTHYECKOTO JIEJICHUSI BKIIIOYAJIUCh B MUKPOCIIOPHI (CM.
puc. 5, 2). Takum 00pa3oM, TUHUH XapaKTEPHU30BATHICH CTa-
OMITBHOCTBIO.
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Ta6nuua 2. Yactota GopMUPOBaHUA 3aKPbITbIX 1 OTKPbITbIX 61BANEHTOB TPAHCIOLMPOBAHHbBIMU XPOMOCOMaMu

T2DL.2RL B Meino3e nnHum

Homep pacteHus, neto 2018 .
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Puc. 6. Konocba copta HoBocnbrpckas 67, nuHum ¢ TpaHcnokaumen T2DL.2RL v niweHnyHo-pxaHo 3amelyeHHo nnHum 2R(2D);.

Mopdonornuyeckas xapakrepucruika

Konoca pacteHui nuHum T2DL.2RL

Konoces nmenn4no-p:xanoii 3amemmennoi muuuu 2R(2D),,
copra H67 u nunum ¢ tpancnokanueir T2DL.2RL umerot
OJIMTHAKOBBIE MOP(OIOTHIECKIE TPH3HAKH: KOJIOC BEPETEHO-
BUJIHBIN, 0€30CTHIHN, OEbIH; MIIOTHOCTH KOJIOCA CPE/IHSIS; KO-
JIOCKOBAsI YeIIysl SIMIEeBUIHAS, CPEIHETO pa3mepa, Co caboi
HepBaIueil; 3y0er KOpOTKUH, TYIIOH, clieTka KITFOBOBUIHEIH;
IJIeY0 HIMPOKOE, MPSIMOE, B BEPXHEW UacTHU MPUIOTHATOE;
KWJIb IIAPOKUH, XOPOIIO BhIpakeHHbIH. OCOOCHHOCTHIO KO-
noca y muHud 2R(2D), Ob110 Goltee MI0THOE PacookeHHe
KOJIOCKOB Ha BEpILIMHE KOJIOCA, 3TU KOJOCKH XapaKTepru30Ba-
JIUCh TOHMKEHHON (PePTHIILHOCTRIO (pHC. 6).

AHanus 351eMeHTOB NPOAYKTNBHOCTU

Ponurensckue popmel TpaHcnonuposaHHbIX auHuH (BC,)
BEIPAIIEHBI B YCIOBHUAX TUAPOTIOHHOM Terumire 2017 ., Be-
reTanusl OCCHb—3uMa. Y pacTeHUH ObLUTH U3yUYCHBI DJICMCHTBI
MIPOAYKTUBHOCTH: BBICOTA PACTEHUSI, ITTMHA ITIABHOTO KOJIOCa,
TIPOAYKTHBHAS KyCTHUCTOCTD, KOJIMYECTBO 3€PEH C PACTEHHUS,

Macca 3epeH ¢ pactenus, macca 1000 3epen (tadmn. 3). Pacte-
HUSI XapaKTEePU30BaINCh HU3KOPOCIOCTHIO (BBICOTA Bapbu-
poBaiia ot 85.5 10 93 cm), Xopouiel NpoIyKTUBHOM KyCTHC-
TOCTBIO ((POPMHUPOBAIH OT TPEX IO CEMH CTeONeil C BRI3pPEB-
MM 3€PHOM B KOJIOCHSIX), BEICOKMMH 3HAYEHUSIMH MacCChI
1000 3epen (33.14-37.89 1).

CpaBHEHHE 3JIEMEHTOB NPOAYKTUBHOCTU y JTHUHHUU
T2DL.2RL u coproB H67 u C29, BbIpallleHHBIX B MOJIEBBIX
ycnoBuax 2018 r., mokasaso, 4To TpaHCIOIMPOBAHHAS TMHUS
JIOCTOBEPHO ycTymaeT copty H67 1o BceM mokasatessiM, HO He
ormuaercs ot copra C29 (tadm. 4). [Tokazarenu npogyKTHB-
HocTH y pacteHuit muHuu T2DL.2RL Takke oka3anuch HIKE,
YeM y POIUTENECKUX PACTEHWH, BBIPAIICHHBIX B YCIOBHAX
THPOTIOHHOH TeIUTHIEI (cM. Tabm. 3).

[To TakuMm mpu3HaKaM, KaK YUCIIO KOJOCHEB M YHUCIO KO-
JIOCKOB B INIABHOM KOJIOCE, JOCTOBEPHBIX Pa3JIMUUil MEXKIY
TPaHCIOUUPOBAHHON MHHUEH 1 coproM H67 He BBIABIEHO.
B OGounbiiieii cTenenn pa3inyainch 3HaYSHUs 110 KOJINYECTBY
3€pEH C NIABHOTO KOJIOCA M C PACTEHMSI, @ TAKXKE 110 MACCe 3€-
peH ¢ pactenus u macce 1000 3epen. CpaBHUTENBHBIN aHATH3
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Ta6nuua 3. XapakTeprcTnka poanuTeNbCKMX PAcTeHWI MO deMeHTaM NPOLYKTUBHOCTU (0ceHb—31ma 2017 T.)

Mpur3Hak Homep pacteHusa

16 1 ............. 1 62 ............ 1 64 .......
B b,COTa paCTeHMHCM ............................. 8 9 ............... 8 7 ................ 9 3 ...........
npon y KT ,,, BHaﬂ KyCT ,,,C TOCTb LUT .......... 6 ................. 3 .................. 6 .............
ﬂnMHamaBHorOKonocaCM .................. 6 ................. 7 .................. 6 ............
Uncno sepen c pactenus, wt. 18 66 128
Maccasepewcpacrenna,r 402 231 454
‘Macca1000epes,r 3407 3500 3547

17-3 17-4 17-5 18-3 18-6 18-9
..... 8 5591939058791
4 ................. 5 .................. 3 .................. 7 .................. 3 .................. 7 ................
..... 8 5687578
..... 8 91025213668156
..... 3 25338197497253536
..... 3 65233143789365437213436

Ta6nuua 4. CpaBHuTENbHbIN aHanm3 nuHuM T2DL.2RL ¢ coptamn CapaToBckas 29 n HoBocnbupckas 67

no Npr3Hakam NpoayKTMBHOCTM (neto 2018 r.)

T2DL.2RL

Mpur3Hak

*p <0.05 "% p<0.001.

aneMeHToB npoayktuBHocTH JuHuu T2DL.2RL ¢ copramu
H67 n C29, a takxe ¢ 3amenieHHo# nuuueit 2R(2D),, npo-
BE/ICHHBIN B YCIIOBHAX T'MAPOMIOHHON TETIIHIBI BO BpEeMs Be-
retaiuu 3umMa—BecHa 2019 r., mokazain, uro iuaus T2DL.2RL
JIOCTOBEpHO ycTymaeT copTy H67 1o BceM mokasarensMm ¢
Pa3INYHON CTETIEHBIO JOCTOBEPHOCTH (CM. Tad. 4).

HaunbGonee nocrosepubie orianuus (p < 0.001) nunumn
T2DL.2RL ot copra H67 momydeHB! I MPU3HAKOB «KO-
JIMYECTBO KOJIOCKOB Ha IJIABHOM KOJIOCE», «YUCIIO 3€PEH C
pacTeHus», «Macca 3epeH ¢ pacteHus» (Tadi. 5). Pactenus
copta C29 mocrosepHo (p < 0.001) mpeBocxonnmm pacTeHUs
muaun T2DL.2RL TONBKO MO YEThIpEM MOKa3aTesIM: YHCIIO
3€pEH C IIIaBHOT'O KOJIOCA U C PACTEHHMsI, Macca 3epeH C IJ1aB-
HOTO KOJIOCA M ¢ pacTeHusd. 3amelleHHas nuHus 2R(2D), ¢
BBICOKOH JIOCTOBEPHOCTHIO MIPEBOCXOANIIA JIMHUH € TPAHCIIO-
karert T2DL.2RL no npu3HakaMm «IMHA TIIaBHOTO KOJIOCa»,
«IIOTHOCTH KOJIOCA», KOJIMYECTBO KOJIOCKOB B TJIABHOM
KOJIOCE», «Macca 3epeH C ITABHOTO KOJIOCa», OIHAKO Macca
1000 3epeH ObLIa JOCTOBEPHO MEHBIIE (CM. Ta0II. 5).

Taxkum obpazom, muaus T2DL.2RL mo 31emeHTam mpo-
JYKTHBHOCTH JIOCTOBEpPHO ycrynana copty H67 B obenx
BEreTausix, a Takke copty C29 npu BeIpaluBaHuy B THAPO-
noHHOM Terunie. OcoOEHHO ATH pa3IuyHst ObUTH BBIPaKEHBI
Y pacTeHHH, BEIPAIICHHBIX B TIOJICBBIX YCIOBHAX. OTHIM U3

852

(hakTOpOB, OTPHUILIATEIHHO MOBJIMSBIINX Ha OKA3aTENHN IIPO-
JyKTUBHOCTH KOJIOCA (YUCIIO ¥ Maccy 3epeH), MOTYT OBITh re-
HeTnueckre ocodenHocTr coproB H67 u C29, a Tarxoke JIMHUT
T2DL.2RL. BeposiTHO, B [10JIEBYIO BET€TAIUIO YCIOBUS MTPO-
n3pacTaHus (TeMnepaTypHBIN U BOIHBINA PEKUMBI) PACTCHUN
Ha 8—11-M sramax opraHoreHesa, KOrja pOUCXOHT 3aKiIa Ka
ICHCPATUBHBIX OPTraHOB, ONBLLIJICHHUC, 3aBA3BIBAHUC W HAJIUB
3epHOBKH (batbiruna, 2014), Op1TH HEOTATONPUATHBIME TS
copra C29 u muuun T2DL.2RL B cpaBHeHuu ¢ coprom H67.
Ha MPOAYKTUBHOCTD MNIICHULIBI MOXKET IMOBJIUATH U PCAKIIUA
pactenuit Ha quHY cBeToBoro A (lymerus u ap., 2015).
V¥ copra C29 obnapyxeH pereccuBHblil TeH Ppd-D1b, 00y-
CJIOBJIMBAIOIINIT UyBCTBUTEIILHOCTD K poTornepuony (Pait u
Ip., 2014), a orcyreTBue mwieda 2DS, Ha KOTOPOM JTOKaJTH30BaH
reH Ppd-D 1, MOTIIO TOBIMATH HA HHTEHCHUBHOCTB POLIECCOB
oHrtorenesa y nuauu T2DL.2RL, npuBess k motepe npoayk-
TuBHOCTH. Pactenns mmennist copra H67, paitornpoBaHHO-
TO B JIECOCTEITHOH 30He tora 3amaanoii CuOMpH, HANPOTHB,
SABJISAIOTCA PACTCHUAMU JJIMHHOTI'O IHA. O}lHaKO B YCJIOBUAX
BBIPAIIMBAHNS B THPOIIOHHON TEIUIE C (PUKCUPOBAHHOMN
MPOIOJKUTENIBHOCTBIO CBETOBOTO JIHS, MOCTOSHHOW MHTEH-
CHUBHOCTBIO ()OTOCHHTCTUYCCKU aKTUBHOU PaHallii U OJIH-
HAKOBBIM CIIEKTPOM H3ITyUYEHHs CBETA JJOCTOBEPHBIX PA3TNINH
O 3JEMEHTaM NPOJYKTUBHOCTU Mex Ty copramu C29 u H67
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Co3fjaHue 1 XxapaKTepucTuKa MHUN MATKON NWeHWL bl
C LUeHTpuyeckon TpaHcnokauuer T2DL.2RL

Ta6nuua 5. CpaBHUTENbHbIV aHanu3 nuHum T2DL.2RL ¢ coptamm HoBocmbupckas 67, CapatoBckan 29
1 3amelleHHoM nuHMen 2R(2D), no npusHakam NpoayKTMBHOCTY (3uma—-BecHa 2019 T.)

T2DL.2RL

Mpu3Hak

*p<0.05 % p<0.01; " p<0.001.

He OBUIO MOTyYEHO, HO ITOKA3aTeIH IPOAYKTUBHOCTH Y JINHUT
T2DL.2RL Takxe ObUTH TOCTOBEPHO HIIKE.

Ha ocHOBaHMM MOJYYEHHBIX PE3YJbTATOB C/IEJIaH BBIBOJ
00 orpumarensHOM BiusHUM TpaHciokamuu T2DL.2RL Ha
MPU3HAKK MPOIYKTUBHOCTH. B apyrux paborax mokasaHo,
YTO Ha U3MEHEHUE/COXPaHEHHE arPOHOMUYECKUX ITPU3HAKOB
y TIIEHUIIBI BIUSIOT KOHKPETHBIE XPOMOCOMBI, 00pa3yromne
TPAHCIIOKAINIO, U NPOUCXOKICHHE POAUTEIBCKUX (HOpM
TpaHclIoUMpoBaHHbIX HUI (May, Appels, 1984; Hysing et
al., 2007). Pactenus nuanu ¢ Tpancnokanuenr T2BS.2RL xa-
PaKTEpU3YIOTCSI CXOKHMH C POITUTEINBCKOM TMHUEH ToKa3are-
ssimu ipoxykruBHocTH (Hysing et al., 2007), a TpaHciokanums
T2RS.2BL BBI3BIBa€T JETATBHOCTH MPOPOCTKOB B OMpEIe-
JICHHBIX TE€HOTHITaX JOHOPOB IeHuIs (May, Appels, 1984).

OTnUUNTENBHON XapaKTEePUCTHKOM JIMHUI C TpaHClIOKa-
et T2DL.2RL crana HU3KOpPOCIOCTh. B MoNeBhIX yCIoBHIX
Cpe/HsIs BhIcoTa pacTeHui Obiita Ha 23.65 1 28.6 cM Hibke pac-
tenuii copra H67 u C29 coorBercTBeHHO (CcM. Tab. 4). B yc-
JIOBUSIX BBIPAIIMBAHUS B THPOIIOHHON TEIUTUIIE PACTEHHS C
TpaHCIIOKalMeH TaKkke MMETH JIOCTOBEPHO OoJiee HU3KYIO
BbICOTY B cpaBHeHHH ¢ H67 u C29 u ¢ 3aMerieHHoN TuHH-
el 2R(2D), (cm. tabn. 5). BeicoTa pacrenuii muaun 2R(2D),
ObLIa TOCTOBEPHO BBILIE IO CPABHEHUIO C COPTAMH. DTH JaH-
HbIE TPEAIOJIAraT HHYI0 PETyJsIMI0 MPU3HAKA «BBICOTA
pacrenus» y nuanii T2DL.2RL u 2R(2D),, 4eM y copToB.

[Tpn3Hak KOPOTKOCTEOSTBHOCTH Y MIIEHHUIIBI ¥ PXKH KOHT-
ponupyercsi TeHaMu KapiukoBocTd. Hamboubliee pacrnpo-
CTpaHEHUE B COPTAaX MIIEHMIbI MOJTYYMIN T€HBI «3EJICHOH
pesomtotny Rht-B1b (Rhtl) u Rht-D1b (Rht2), nokanu3zo-
BaHHbIE HAa XpoMocoMax 4B u 4D coOTBETCTBEHHO, a TaKXKe
reH RAt8, nokanmm3oBaHHBIA Ha Xpomocome 2DS (Borner et
al., 1996). I'en Ppd-D1a, 06ycnoBiInBaroIyii HeUyBCTBUTEIb-
HOCTb pacTeHUH K OTONEPUO/LY U JTOKATM30BaHHBIN TOXKE Ha
2DS, ne3aBucumo oT RAt8 OKka3bIBAET BIMSHUE HA CHIKEHNE
BbeIcOTHI (Borner et al., 1993). OnHako MoneKyssIpHBIH aHa-
JIM3 HU3KOPOCIBIX 00pa3loB IeKCAIUIOWAHBIX TPUTHKAJE C
3aMerieHneM xpomocoMm 2R/2D He BBISBHI aMIUTH(UKAIN
npaiiMepos k ayutessim Rht8c v Ppd-D1a, Ha OCHOBaHHUH Y€To

ObUI cliesiaH BBIBOJ O BIMSHUU XPOMOCOMBI 2D Ha yMeHb-
menne BoicoThl pacteHuil (Kopmrynosa, 2015). Yuactue
XpOMOCOMBI 2D B perynsiiuu BBICOTHl PaCTEHHUH MOKa3aHO
TaKke B paboOTe 10 aHAIN3y arpOHOMHYECKHUX MPU3HAKOB y
03uMoOH rexcarutonHol Tputukane (Bazhenov et al., 2015).
VY nuHUH ¢ 3aMerieHueM xpomocoMsl 2R xpomocomoit 2D
oOHapy»xeH 00paTHbIH 3¢ (heKT: CHIKEHNE BBICOTHI PACTCHUN
(Bazhenov et al., 2015).

3aknioyeHune

TakuM 00pa3oM, yBeIHMUCHHE BHICOTHI PACTEHUH Y JIMHUH
2R(2D), MOkKeT ObITH CIEACTBHEM 3aMELIEHUS XPOMOCOM
2R/2D. B nanHOM citydae XxpoMocoma pxu 2R He KoMITeHCH-
PYET OTCYyTCTBHE XpOMOCOMBI 2D, BO3MOXHO ITOTOMY, 4TO Ha
xpomocoMe 2R pacronokeH peleccuBHbI I'eH KapJInKOBO-
ctu dw2 (Borner et al., 1996). CHmkeHre BBICOTH PACTCHUN
y nuHuu ¢ TpaHcnokanuedl T2DL.2RL, BeposTHO, MOXKeET
OBITH BBI3BAHO APYTruMHr HEU3BECTHBIMU B HACTOAILEC BPEMsL
TeHaMH, Haxomsmumucs Ha xpomocomax 2DL u 2RL wnn
JPYTHX XPOMOCOMAX IMIIEHUIBL JIJIsi BBISABICHHSI HCTHHHON
IMPUYUHBI HeO6XOZ[I/lMI)I uanbﬂeﬁmne HCCJIICAOBAHU.
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BusiHue X03SIMH-CIIelPUUIHOro TokcmHa Sn"TOX3
rmaToreHa Stagonospora nodorum Ha CUTHAJIbHBIN ITYTh 3TU/I€HA
I peJOKC-CTAaTyC paCTEeHMII MSITKOW IPOBOM IMIII€HUIIbI

C.B. BecearoBa®, [.O. Bypxanosa, T.B. Hyxuas, C.A. Pymsanues, V1.B. Makcumos

WVHCTUTYT GBUOXVMNN 1 TEHETUKI — 060CO6NEHHOE CTPYKTYpPHOe noapasaeneHne Youmckoro defepanbHOro NccnefoBaTenibCckoro LeHTpa
Poccuiickoin akapemun Hayk, Yéda, Poccua
&) e-mail: veselova75@rambler.ru

BakHelLuMi GpaKTop BUPYNEHTHOCTY BO30YAMTENA CenTopro3a NweHnLpbl Stagonospora nodorum Berk. — MHoroumc-
NeHHble HeKpoTpodHble 3bdekTopbl (HI) rprbda (SnTox), B3aumoaencTByoLME C TPOAYKTaMU FEHOB BOCMPUMMUYNBO-
CTV x03AVHa (Snn). B3anmopneincTemsa SnTox-Snn oCcyLLeCcTBASIOTCA MO TUMNY reH-Ha-reH 1 BEAYT K Pa3BUTMIO 60Ne3HN.
B HacToAweln paboTe M3yUyeHo B3aumomencTeme SnTox3-5Snn3, pesynbTaTom KOTOPOro ABNAETCA pPa3BUTUE NHOeKUN
Ha NINCTbAX C 06pa3oBaHNeM OOLIMPHBIX 30H NopaxxeHus. MpeanoNoXnTeNbHO, MexaH3M aencTaua SnTox3 ces3aH
C perynﬂumelh pep,OKC-METa6OJ'II/I3Ma N BIINAHNEM Ha CUHTE3 3TUNEHa Y paCTeHI/II7I nweHnubl, 0gHaKO MoJiekynap-
Hble MeXaHM3Mbl 10 KOHLA He PacKpbITbl. [Insa xapakTepucTUKy B3aumopenctena SnTox3-Snn3 B pabote 6binn nc-
NoJib30BaHbl U30MATLI S. nodorum, pasnuualoLwmecs no akcnpeccum reHa SnTox: Snb (Tox3™) n Sn4B[ (Tox37), v aBa
copTa MArkom AapoBo nweHuupl (Triticum aestivum L.), KOHTPaCTHbIe MO YCTOMYMBOCTU K BO3OYAWTENIO CENTOPMO3a
1 pasfnnyaioLmeca no annesbHOMy COCTaBy JIOKyca Bocnpumumumnoctn Snn3-B1: KasaxctaHckasa 10 (Bocnpummym-
Baf) n Omckas 35 (yctonumsasn). MpoBefeHa cpaBHUTENbHAA OLIEHKa XapakTepa TPaHCKPUMNLMOHHOW akTUBHOCTY
reHoB 6uocuHTesa (TaACS1, TaACO) n curHanbHoro Nyt stuneHa (TaklL1, TaERF1) MeTogoM NOAMMEpPa3HON LienHOM
peakyuu (MLP) B peanbHOM BpeMeHY 1 OLLeHEH PefOKC-CTaTyC PacTeHWI NLLEeHNLbl, UHOULIMPOBAHHDBIX PA3SINYHbIMMK
n3onAtamm S. nodorum c NOMOLLbIO CNEKTPOPOTOMETPUYECKUX METOLOB. MoKa3aHo, YTO MHAYKLUMA GUOoCUHTE3a 1
CUrHaNbHOro MyTW 3TWeHa NPOVCXOAMNA B pe3ynbTaTe B3aIMOAENCTBUA MO TUNY reH-Ha-reH Snn3-B1-SnTox3. Pe-
3ynbTaTbl OLlEHKN peaoKc-CcTaTyca paCTEHVII7I noKa3saJiun, 4YTo 3TWIeH NoAaB/ANl HaKorjieHne nepokcnaa sogopoaa B
YYBCTBUTENbHbIX K SNTOX3 reHoTMNax 3a cYeT perynaumm paboTbl pa3nnyHbix GepMeHTOB NPO-/aHTUOKCUAAHTHON
CNCTEMbI Ha TPAHCKPUNLUMOHHOM U NOCTTPAHAIALMOHHOM YPOBHAX. Takum 06pa30M, nonyyeHHble pe3ynbTaTbl Npea-
nonaratot, yto H3 SnTox3 BAMAN Ha GUOCUHTES U CUTHANBHBIY MYTb STUMEHA C LENbIo Perynauum pefokc-metabonms-
Ma MHGMLMPOBAHHBIX PACTEHUI MWEHULbI AN1A YCNELHOWN KOMOHN3aLMUM X03AKHa Ha HavasbHbIX 3Tanax MHuuupo-
BaHWA, YTO BNOCNEACTBUM MPUBOAMNIIO K OOLLUMPHBIM 30HaM NOPaXKeHNA 3a CYET ObICTPOro PasMHOXKEHMs NaToreHa.
KnioueBble cnosa: Stagonospora nodorum; Triticum aestivum; nonmepasHas LenHas peakuus; noanmepasHas Len-
Has peaKkuua B peasibHOM BpeMeHU; HEKPOTPOHbI 3bPeKTop; STUEH; peloKC-MeTabon3M; B3anMoLeNCTBME FeH-
Ha-reH; Hecneyuduryeckasa ycTonunBoCTb.

Ona yntnpoeaHus: Becenosa C.B., bypxaHosa I®., HyxHas T.B., Pymanues C.[l., Makcumos W.B. BanaHne xo3anH-
cneymdounyHoro TokcnHa SNTOX3 natoreHa Stagonospora nodorum Ha CUrHanbHbINA NyTb 3TUMIEHA U PefoKC-CTa-
TYC pacTeHUn MATKOW APOBOW MLweHULbl. BaBMNOBCKNI XypHan reHeTnku n cenekumn. 2019;23(7):856-864. DOI
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Effect of the host-specific toxin Sn'TOX3
from Stagonospora nodorum on ethylene signaling
pathway regulation and redox-state in common wheat

S.V. Veselova®, G.E. Burkhanova, T.V. Nuzhnaya, S.D. Rumyantsev, LV. Maksimov

Institute of Biochemistry and Genetics — Subdivision of the Ufa Federal Research Centre, RAS, Ufa, Russia
® e-mail: veselova75@rambler.ru

The fungus Stagonospora nodorum is the causative agent of Septoria nodorum blotch (SNB) of wheat. The most im-
portant factors of Stagonospora nodorum virulence include numerous fungal necrotrophic effectors (NEs) encoded
by SnTox genes. They interact with the matching products of host susceptibility genes (Snn). SnTox-Snn interactions
are mirror images of classical gene-for-gene interactions and lead to the development of disease. We have studied
the SnTox3-Snn3 interaction, resulting in the development of infection on leaves and formation of extensive lesions.
The mechanism of SnTox3 action is likely to be linked to the regulation of redox metabolism and the influence on
ethylene synthesis in the wheat plants, although the molecular mechanisms are not fully unveiled. To characterize
the SnTox3-Snn3 interaction, we used S. nodorum isolates differing in the expression of the NEs genes SnTox3 (SnB
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Bnnanune SNTOX3 Ha cUrHanbHbIN NyTb 3TUNEHA
N pefoKC-CTaTyC pacTeHUN NeHNL bl

(Tox3%), Sn4VD (Tox37)) and two soft spring wheat (Triticum aestivum L.) cultivars, contrasting in resistance to the SNB
agent and differing in the allelic composition of the susceptibility locus Snn3-B1: Kazakhstanskaya 10 (susceptible)
and Omskaya 35 (resistant). We carried out a comparative assessment of the transcriptional activity patterns of genes
responsible for ethylene biosynthesis (TaACS1, TaACO) and signaling pathway (TaEIL1, TaERF1) by real-time PCR and
estimated the redox state of wheat plants infected with different isolates of S. nodorum by spectrometry. The induc-
tion of ethylene biosynthesis and signaling has been shown to result from gene-for-gene interaction between Snn3-
B7 and SnTox3. The results of plant redox status estimation showed that ethylene inhibited accumulation of hydro-
gen peroxide in SnTox3-sensitive genotypes by regulating the operation of various pro-/antioxidant enzymes at the
transcriptional and posttranslational levels. Our results suggest that NE SnTox3 influences ethylene biosynthesis and
signaling, thereby regulating redox metabolism in infected wheat plants as necessary for successful host coloniza-
tion at the initial phases of infection, which ultimately leads to extensive lesions due to fast pathogen reproduction.
Key words: Stagonospora nodorum; Triticum aestivum; polymerase chain reaction; real-time polymerase chain reac-
tion; necrotrophic effectors; ethylene; redox-metabolism; gene-for-gene interaction; nonspecific resistance.
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BBepeHune

[maBHast cenbCKOXO3IHCTBEHHAs KyJIbTYpa — INIICHUIA — B
MOCJICHNE JICCATHIICTUS CTajla MOJBEPraThesl MOPaKEHHIO
BO30YIUTEIISIMH PA3IMYHOTO POAA JINCTOBBIX MATHUCTOCTEH,
Cpe/ii KOTOPBIX OJTHO M3 MIEPBBIX MECT 3aHUMAIOT BO30yIUTe-
7 centopuosa. Stagonospora nodorum Berk., Bo30yauTenb
CENTOpHO3a MIICHUIIBI, HAHOCHUT 3HAYNTEIbHBIN yIepo pac-
TEHHSM U TIIPUBOJIUT K MTOTEPSIM ypOXKasi, KOTOPbIE MOTYT JI0-
cruratb 30 % (Bertucci et al., 2014). Uccnenosaunus cenro-
pHO3a HHTEHCUBHO BETyTCS TIOCIIETHUE TPH AECSTUIICTHS, HO
JIO CUX TIOp HET YETKOTO MOHMMaHHs MEXaHU3MOB, JIEKAIHX
B OCHOBE yCTOHYMBOCTH/BOCIHPHUMMYUBOCTH TILIEHUIBI K
MH(EKINH, C OHOM CTOPOHBI, M BUPYJICHTHOCTH NATOTEHA, C
npyroii (Fraaije et al., 2002; Bertucci et al., 2014; Winterberg
et al., 2014; Phan et al., 2016; Shi et al., 2016).

HemaBHO OBIIO TIOKA3aHO, YTO BaKHEUIHI (haKTOpP BUPY-
JICHTHOCTHU S. nodorum — MHOTOYUCIICHHBIE HEKPOTPO(dHBIE
addexroprr (HD) rpubda uin TOKCHHBI, CCUGUISCKUE IS
xo3s1eB (host-specific toxins) (Phan et al., 2016; McDonald,
Solomon, 2018). BzaumoneiicTBre B MTaTOCUCTEME MIIICHUIIA—
S. nodorum ocymecTBiseTcs no Tumy res-Ha-red (McDo-
nald, Solomon, 2018). DTi B3aUMOOTHOIICHHS BBIPAYKAIOT-
Csl B TOM, YTO MPOJYKTHI T€HOB BUPYJICHTHOCTH IaTOTCHA
(=xo3stmH-crieruuHble TokcHHBI) (SnTox) mpu B3auMoei-
CTBHHM C IPOAYKTaMU T'€HOB BOCIPHMMYHMBOCTH PACTCHUS-
X03siuHa (Snn) BBHI3BIBAIOT COBMECTUMOCTH, T.€. Pa3BUTHE
6onesnu (Phan et al., 2016). DddekT kaxaoro B3auMozei-
ctBust SnTox-Snn ABIAETCS HETIOIHBIM U JIOTIOIHACTCS APY-
TUMH B3auMoJielicTBHAMU. B Hacrosiee BpeMsi OMHCaHO
BOCeMb B3aumonercTBuit SnTox-Snn, mpu 3TOM y TIaroreHa
KIIOHUPOBAHO TOJBKO TpH rera, komupyromux HD (SnToxA,
SnTox1, SnTox3), a y MIIEHHIBI KIIOHNPOBAHO TOJBKO JBA
reHa BocripuumuuBocTy (T5n1, Snnl) (Phan et al., 2016; Shi
etal., 2016).

leHeTnka B3aMMOOTHOILICHUH MIICHUIBI U S. nodorum
OYeHb CIIOXKHAsI, paco-crenuduyIHas yCTOHUYMBOCTh 0ObsIC-
HSeT TONbKO OKosto 40 % (eHOTHNHUECKNX MPOSIBICHUN
(Shi et al., 2016). KpoMe TOro, OTHOCUTEIIFHO HEIABHO, B
MOCJIGHUE YEThIPE rojia, ObLIO MOKa3aHO, YTO HEKOTOPbIC M3
OXapaKTepU30BaHHBIX B3anMmozeicTBuit SnTox-Snn, BBI3BI-
BAIOIIME BOCIPHUMYUBOCTD, HAIIPaBJICHbI HA MAHUITYJINPOBA-
HHE HecTielM(hUUECKUMU Ty TSMH 3aIUThI PACTEHHS, CBSI3aH-
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HBIMH C PEJIOKC-METa00IN3MOM, BTOPUYHBIM META00JIN3MOM
u 3amuTHBIME O6ekamu (Winterberg et al., 2014; Phan et al.,
2016; Shi et al., 2016).

Bsaumoneiictue Snn3-B1-SnTox3 urpaet 3HAYUTENBHYIO
poib B pa3suTuu cenropuo3a (Shi et al., 2016; McDonald,
Solomon, 2018). IIpeamonaraercs, 4To B pe3yabrare 3TOTO
B3aUMOJICHCTBHS pa3BUBAETCsl MH(EKIMs Ha JICTBSIX C 00-
pa30BaHHEM OOLIMPHBIX 30H MOPAXKEHNUS, UTO CBSI3AHO C BIIHS-
HueM SnTox3 Ha reHepanuio aKTHBHBIX (OPM KHCIOpOIa
(ADK), k coxaneHuro, MexaHu3M jaercTBus 3(dekropa He-
m3BecteH (Winterberg et al., 2014). Oxnako HeTaBHO OBIIO
rokasaHo, 4to SnTox3 uHAyIHpyeT HaKOTUICHUE METHOHUHA 1
CHHTE3 3TUJIEHA Y paCTEeHUI MIIICHUIIBI yoKe uepe3 24 4 nocne
napummposanust (Winterberg et al., 2014).

W3BecTHO, 9TO O/HA M3 HanOoiee paHHUX OTBETHBIX pe-
aKLMK PACTEHUN HAa BHEJPEHUE [1aTOreHa — JIOKAJIbHAs T'€He-
pauust ADK, urpatomiast BaXKHYy0 poJib B pa3BUTHN CUCTEMHON
ycroitunBocTH (Barna et al., 2012). B HacTosmee Bpems Mexa-
HU3MBI PETYJISIIMY CHHTe3a anoruiacTHhiX ADK B UMMYHHOM
OTBETE MHTCHCUBHO M3y4aroTCsl, HO 0 KOHIA HE PACKPBITHI.
HenaBuue nccienoBanus MOKa3aid, 9TO IPO-/aHTHOKCHIAAHT-
HBIM CTaTyC pacT€HUN HAXOAUTCA IO CTPOTMM KOHTPOJIEM
(bUTOrOPMOHOB, yJaCTBYIOIIUX B ((OPMHUPOBAHNH 3AIIUTHBIX
peakimii mpu cTpecce (Barna et al., 2012). Cpenyt HUX 3THIIEH,
POJIb KOTOPOTO MpPU OMOTHYECKOM CTpPECCEe HEOJHO3HAuHa
W 3aBHCHUT OT THIIA TTaTOTeHa U Buaa pacterus (Vleesschau-
ver et al., 2010; Barna et al., 2012). Panee Hamu Obli1a TIOKa-
3aHa OTpULATeNbHasl POJIb ATUIICHA B PA3BUTHU YCTOMYUBOCTH
pactenuit mmeHunsl K S. nodorum (Becenosa u nip., 2016).
K coxasennto, MexaHn3Mbl BO3JICHCTBHS (PUTOTOPMOHOB, B
TOM 4YMCJI€ U ATHUJIEHA, Ha mporecchl reHeparuu APK mpu
OMOTHYECKOM CTpecce M3ydeHbl HeocTaTtouHo (Barna et al.,
2012).

Lenbto Hamiei paboThl OblIa CpaBHUTENbHAS OLEHKA Xa-
pakTepa TPaHCKPUIIIMOHHON aKTUBHOCTH T€HOB OMOCHHTE3a
W CHTHAJIBHOTO ITyTH ATHJICHA U PEIOKC-CTaTyca PACTCHUH
IMIIEHHIbI, THQUIMPOBAHHBIX U30JsATaMu S. nodorum, ot-
JTUYAIOMMUMUCH 1o skcnpeccun HD SnTox3.

MaTtepwuanbl n metopbi

OOBEeKTOM HCCIIeI0BaHNUS CITYKIIIH [JBA COPTa MATKOH ApOBOi
nueHusl Triticum aestivum L., KOHTpAaCTHBIE O YCTOWYNBO-
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ctu K S. nodorum Berk.: Kazaxcranckas 10 (Ka310) (Bocripu-
uManBbIif) 1 OMckas 35 (OM35) (ycToitunBEIif), a TakXkKe 1Ba
uzonsta rpuba S. nodorum: Sn4BJl (Pecmybnmka bemapycs)
u Snb (Pecny6nuka bamkoprocran). [(pu0bl KynbTuBUpOBa-
T Ha KapTo(esIbHO-ITTIOKO3HOM arape. PacTeHus BeIpaInuBa-
1 Ha BogHOH Kynerype (10 % pacTBOp mUTaTENBEHON Cpebl
Xornanga—ApsHona) B knumaroctare KC-200 CITY (Poccus) ¢
YCIIOBHSAMH KyTETHBHPOBaHUSA: Temreparypa 20/24 °C (Hous/
JieHb), 16 4 cBeTOIEpHO, MHTEHCUBHOCTL cBeTa 146 B1/m?
DAP (;rammer Osram L 36 W/77) B reuenue 7 cyT. [IpopocTko-
BYIO yCTOMYMBOCTB COPTOB OLICHHBAJIN METOIOM T'a30HYHKOB,
Kak onrcaHo panee (Becenosa u ap., 2016). YeroitunBocTs/
BOCIPUUMYHUBOCTb COPTa ONPEIESIISIIN 10 MIOIIAIHN opake-
HUSI JIFCTA Yepe3 CeMb IHEH 1MOCe HHOKYIISIIUHI H30JISTaMU
S. nodorum. Pa3BnTHe CHMIITOMOB CENTOPHO3a Ha JIMCTHIX
MIICHUIBI (PUKCHPOBAIIN MOCPEACTBOM (oroamnmapara SP-
800UZ Image Stabilization (Olympus, Uanone3uns), mmomia s
30HBI ITOPAXKEHUSI N3MEPSUIN C MOMOINBIO KOMITBIOTEPHOH
nporpammsel Imagel (rsbweb. nih.gov/ij/download.html) u
BEIpa)KaJiM B MPOIIEHTAX OT oO0rIel miomazny mcTta. Kpome
TOTO, OIIEHKY CTETIEHH MOPa’KeHUsI POBOIMIIHN 110 MEXKIY-
HapoOAHOI IIKase, KoTopas TakkKe MpeaycMaTpHUBaeT ydeT
CTENEHU [TOPAKEHHOCTH PA3JIMYHBIX OPraHoB pacTeHuii: RR
(0-5 %) — copTa c 04eHb BBICOKOH 1 BBICOKOW YCTOHYHBOCTBIO;
R (mo 1015 %) — ycroituussie copta; M (10 25 %) — crnabo-
BOCTIpUUMUHBBIE copTa; S (10 40—65 %) — BoCcIpUNMUYHUBBIE
copta; SS (7m0 90—100 %) — copTa ¢ O4YeHb BEICOKOH U BBICOKOM
BOCITPUUMUYHUBOCTBIO.

Brigenenne JIHK u3 npopoCTKOB NILIEHULBI U CEMUIHEB-
HOW KyJIBTYpBI TprOa BBITOIHSUIN C TIOMOIIBIO (hEHOIBHO-
JeTepreHTHoro merona (Maunuaruc u ap., 1984). Unentu-
¢ukarro rena SnTox3 (FJ823644) y uzonsatoB S. nodorum
OCYIIECTBIISIIIM TIOCPEICTBOM TIOJIMMEPA3HON IIEMHOM peak-
mun (ITLP) ¢ renocnenuduynbivu npaiimepamu (5'—3"):
F-CGAGCTGATATCCCGTTTGA; R-GGGACAGTG
ACAATAGGTAAGG (Winterberg et al., 2014), B xauecTBe
BHYTPEHHETO KOHTpPOJs Ha npucyrctBue rpudnoi JTHK
ObUTH ITpaiiMephl Ha T'€H «IOMAIITHETO XO35HCTBa» TyOylnnH
(S56922) (Fraaije et al., 2002). Dkcrpeccuto rera SnTox3
Y pasHbIX U30JISATOB S. nodorum BO BpeMsi HHOKYJISILIMKU pac-
TEHUH MILEHULbl aHAJIM3UPOBAIM C TEMU XK€ IpaiiMepaMu
MeTonoM nonykonuuectBeHHou [TLP. Toransayto PHK 13 un-
(DUIMPOBAHHBIX U30JSITAMHE S. nOdorum pacTeHUH MIICHULII
BocpunMuuBoro copra Kaz10 u ycroitunBoro copra Om35,
3a()MIKCHPOBAHHBIX B KHMIIKOM a30T€, BBIACIISIIN C NCTIOIb30Ba-
HueM pearenta Trizol, coracHo MPOTOKOIY (GUPMBI-TOCTAB-
mwmka (Sigma, ['epmanus). st nomyaenus k/IHK Ha ocHOBe
PHK mu3y4aembIx 00pa3oB MpOBOAMIN PEAKIINI0 00paTHOMH
TPaHCKPUIILIUH C UCIIOIb30BaHNEM 00PaTHON TPAHCKPHIITA3HI,
COITIACHO POTOKOITY upMbI-niocTaBmuka (Cuatomn, Poccus).
Ha ocnoBe x/IHK ocymectsisumu T1LP B ammmdukarope
tuna TTI4-TTHP-01-Tepuuk (JJHK-Texunomnorus, Poccus).

AJnenpHOE COCTOsIHUE JTOKyca Snn3-B1 onpeaessuTi B cop-
tax MetogoM 1P ¢ npalimepamu kK MUKpOCaTEITUTHBIM Map-
kepam Xcfd20u Xgwm234 (Bertucci etal., 2014). Cocrag mpaii-
MepoB Xcfd20 (5'—3"): F-TGATGGGAAGGTAATGGGAG;
R-ATCCAGTTCTCGTCCAAAGC; cocTtaB npaiiMepoB
Xgwm234 (5'>3"): F-GAGTCCTGATGTGAAGCTGTTG;
R-CTCATTGGGGTGTGTACGTG (Bertucci et al., 2014).
Ipomyxrs! ILP Bo Bcex cnyuasix pazaensnu B 7 % ITAAT,
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OKpalleHHOM OPOMHUCTBIM ITHJHEM, C UCIOJb30BaHHEM
mapkepaoii JIHK Gene Ruler DNA Ladder (Fermentas). I'enu
(hoTorpadupoBaH C MOMOIIBIO TIOKYyMEHTHPYIOMIEH CHCTEMbI
GelDoc XR (Bio-Rad).

Jlns1 BeIsiBITeHUs BiusiHust Sn'Tox3 Ha OMOCUHTE3 U CUTHAITb-
HBII ITyTh 9THJICHA YacTh MPOPOCTKOB MIIECHUIIBI 3a 24 4 /10
MHOKYJISIIAY Pa3IMYHBIMU U30JSITaMu S. nodorum oopadathi-
Baym 1.5 MM pactBopom stedona — IT, 2-xmopatundocdo-
HOBOMW KHCIIOTOH, XUMHYECKUM IPE/IIICCTBEHHUKOM dTHIICHA
(Sigma, I'epmanus) (Becenosa u ip., 2016), a yacts — 50 MxM
pacTBOPOM aMHHOITOKCHBUHIII TIIMIINHA — THTHOUTOPA CHH-
te3a atuieHa (ABT) (Sigma). [Tocne 06paboTku cocynpl 3a-
KpBIBAJIM U MoMelain B TeMHoTy. CozepkaHue MnepeKkncu
sogopona (H,0,) n aktuBHOCTH ()EPMEHTOB NEPOKCHIA3bI
(ITO), oxcamarokcuaassl (OO) u xaranassl (KAT) uepes 24 u
72 4 iocie nHGUIMPOBAHUS U30JISITAMU S. nodorum u3Mepsi-
7, Kak onmcaHo panee (Becenosa u ap., 2018).

Brinenenue toransHoit PHK 13 KOHTPOJIBHBIX U OIBITHBIX
JUCTHEB MIIEHUIbI, 3aUKCUPOBAHHBIX B JKUAKOM a30Te,
yepes 24 1 nocie nHGUIupoBaHus S. nodorum TPOBOINIA
¢ ToOMoIIbI0 peareHTa Trizol, cortacHo MPOTOKOIYy (hUpMBI-
nocrtaBiuka (Sigma, ['epmanust). DKCIPECCUIO TEHOB OKCH-
JIOpeyKTa3 ¥ TeHOB OMOCHHTE3a U CUTHAIIBHOTO ITy TH STHUJICHA
aHaJIM3upoBaIn MertogoM KonuuectBeHHou [P B pexume
peanbHOTO BpeMenu Ha nipubdope iCycler iQ5 Real-Time PCR
Detection System (BioRad, CIIIA) ¢ mpumeHeHHeM HUHTEP-
kanupyromiero kpacuternst SYBR Green I (Cunton, Poccus).
J1J1st HOpMUPOBAHUSI PE3YJIBTATOB IKCIIPECCUH UCCIEAYEMBIX
TEHOB MCTOIb30BATH IpaliMephl K FeHy KOHCTUTYTHBHO
aKcrpeccupytomierocs 6enka narnontopa PHKa3 (RNase L
inhibitor-like) RLI (AY059462) (Gimenez et al., 2011). 13-
MEHEHUS B HKCIIPECCUU MHTEPECYEMOTO T'€Ha OMpeAeIsUTN
10 BBIYMCIICHUIO YPOBHSI HOPMaJIM30BaHHOW JKCIIPECCUH
TCHOB C MOMOIIBI0 IporpammHoro obecneuyenus iCycler
1Q5 Real-Time Detection System Software (BioRad, CIIIA).
[TLIP B pexxnme peaTbHOTO BPEMEHH MTPOBOJIMIIH C TIOMOIIBIO
npaiiMepoB k resam, kogupytouum HAJIOH-okcunazy
(TaRboh, AY561153) (Giovanini et al., 2006), cynepoxcua-
muemytazy (COM) (TaSod, 1X398977.1) (Giovanini et al.,
2006), annonnyto nepoxkcunasy (TaPrx, TC151917) (Mak-
CHUMOB U Jp., 2014), aMHHOITKIOTPOTIaHKaPOOKCHITATCHH-
tazy (ALlK-cunrasy — TaACSI, U35779) (Subramaniam
et al., 1996), aMUHOIIMKIIOIPOTAHKAPOOKCHIIATOKCU A3y
(AlK-okcumazy — TauACO, KF900072) cocraB mpaiiMepoB
(5'—=3"): F-TGTCCATCGCCTCCTTCTA; R-CGAACA
CGAACCTTGGGTAT; TpaHCKPHUIILMOHHBIH (DAKTOp ITH-
nenoBoro curHaigsHOro Myt EIN3-LIKE1 (ETHYLENE
INSENSITIVE3-LIKE!1 (EIL1) - TaEIL1, KU030837, opro-
Jjior reHa apabuoncuca AtEIN3) (Liu et al., 2016) u TpaHc-
KPUMIIMOHHEIA (haKTOp IepBUIHOTO O0TBeTa Ha 3THieH ERF1
(ETHYLENE RESPONSE FACTOR1 — TaERF 1, EF583940)
(Dong et al., 2010).

Bce skcniepuMeHTHI TOBTOPSUTH TPH pa3a M BBIIOJIHSIN B
Tpex OMOJIOTNYECKUX U TPEX aHATUTHIECKUX OBTOPHOCTSX
(obmee n = 9). Cpennue apupMETHISCKUES 3HAYCHUS U HX
JIOBEPUTENIbHBIE MHTEPBAJIbI, PACCYMUTAHHBIE 110 CTAHIAPT-
HBIM OIIMOKaM, IpuBeAeHBI Ha puc. 1-3 u B Tabm. 1-3. [lo-
CTOBEPHOCTDb Pa3IMYMi MEXKJy BapHaHTaMH OIIbITA OLEHHU-
BaJI 110 f-KpuTeputo CThIOZICHTA IPU JOBEPUTEIEHOM yPOB-
He p <0.05.
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Pesynbratbl

I'en SnTox3 n aokyc BocnpunmunBoctTH Snn3-Bl. ]IBa
n3onaTa S. nodorum TECTUPOBAIN HAa HAJHMYUE/OTCYTCTBHE
rena SnTox3 metomom [LIP. T'er SnTox3 oOHapyxeH y 000uX
n3onaros, Snb u Sn4B/] (puc. 1, a).

AHanu3 TpaHCKPUIIIIMOHHON aKTHBHOCTHU 3Toro reHa HD
MIOKAa3aJl OTCYTCTBHE 3KCIPECCHN y aBUPYJIECHTHOTO H30JIs-
Ta Sn4BJ| u HaxomneHue TPaHCKPUNTOB reHa Snlox3 moc-
Jie MTHOKYIIALMHU Kak BocmpuumuuBoro copra Kazl0, tak u
ycroitauBoro copra OM35 BHPYIEHTHBIM H301TOM Snb (cM.
puc. 1, 6). IlpoBenena I11IP-quarHocTuka amienbpHOTO CO-
CTOsAHUA JOKyca Snn3-Bl y OBYX COPTOB MSATKOH SpOBOMH
nenunsl (7riticum aestivum L.): Ka3z10 u Om35. Il aToro
OBIIIM MCIIONIB30BaHbI Clienn(UUHbIE MTpaiMepsl K JIBYM
MHUKPOCATEIUTUTHBIM MapkepaMm, Xcfd20 n Xgwm?234, dnan-
kupytommM Jokyc Snn3-B1 (Bertucci et al., 2014; Shi et al.,
2016). Hynb-aniens y aTUX copToB He 0OHapyxeH. OgHaKo
copTa pa3NIuvauch Mo aJuIeJIbHOMY coCTaBy Snn3-B1 nokyca
(cwm. puc. 1, 8). Tak, mapkep Xcfd2( ObII IpeACTaBICH IBYMS
aiyensiMu y o0oux copTos, a Mapkep Xgwm234 y ycroiun-
Boro copra OmM35 — ogHMM ayieneM, a y BOCIPUUMYHUBOTO
copra Kaz10 — nByms anmenssmu (cM. puc. 1, g).

KomoOunauun copt/usousit. Panee ObU10 Moka3aHo, 4To
13 HECKOJBKUX COPTOB MATKOM SIPOBOI MIIEHHUIIBI HAMOOIb-
IIYIO YCTOMYUBOCTE K TeMUOnOTpoHOMY TpHOY S. nodorum
uMmena nmeHuna copra Omckast 35, a HAUMEHBIITYO — MIIIe-
Huna copta Kazaxcranckas 10 (Becenosa u nip., 2016). Ot
paboThI BBIMOIHEHBI ¢ MpUMeHeHneM u3osata Snb. boun
M3y4eHBI cleyrone komonHanuu copt/uzonst: Kaz10/Snb
(S/Tox3%), Ka310/Sn4BJ] (S/Tox3~), OmM35/Snb (I/Tox3™),
Om35/Sn4BJl (I/Tox3"), tne S — gyBcTBUTENBHBINA K Tox3
copr, | — neuyBcTBUTENBHBI K Tox3 copt, Tox3t — usonsr,
IKCIIPECCUPYIONTNI TeH TOKCHHA, TOX3™ — HM30JIAT, HE JKC-
MPECCUPYIOIINH I'eH TOKCHHA.

B xomOunanuu copr/uzonar S/Tox3t (Ka310/Snb) mpo-
SIBJISLJIACH MTOJTHAS PEaKIIUs COBMECTUMOCTH, MH(HUIIUPOBAHNE
MATOTEHOM TIPUBOAMIIO K 00pa30BaHUIO OONBIIAX 30H MOpa-
serus, 10 80 % ot o0mieit miomamy ucta (tadn. 3). B oc-
TaJbHBIX KOMOMHaiusax copr/mzonar (Om35/Snb, Kaz10/
Sn4BJl, Om35/Sn4B/1) Obia peakuus yCTOHYHUBOCTH (CM.
tabn. 1). [IpenBapurenshas oopadorka DT pacrennii, kak
qyBcTBUTENBHBIX K Tox3 (Ka310), Tak 1 He 4yBCTBUTEIBHBIX
k Tox3 (Om35), yBenuumBaia UX BOCIIPHUMYHBOCTH TOIBKO

Bnnanune SNTOX3 Ha cMrHanbHbIN NyTb 3TUNEHA 2019
1 pefoKC-CTaTyC pacTeHNI NeHNLbl 23.7
6 8
Snb Sn4B[] Snb Sn4B[] Xcfd20 Xgwm234

Puc. 1. gentudukaumsa reHa SnTox3 y aByx nsonatos S. nodorum: Snb
1 Sn4B[ (a); aHann3 TPaHCKPUMLMNOHHOWN aKTUBHOCTU reHa SnTox3 npwu
MHGMLMPOBaHMU ABYX COPTOB MATKOW APOBOW MeHuLpl (6), naeHTndun-
Kauuma annenen nokyca Snn3-B1y 3Tux COPTOB C NOMOLLbIO NPaiMepoB K
SSR-mapkepam (Xcfd20 n Xgwm234) metogom MNLP (8).

1 — KasaxcraHckas 10; 2 — Omckas 35. M — IHK-mapkepbl, 100-1000 n. H.

K m30iaTy Snb (Tox3") M He BIMAIA HA BOCTIPUMMYUBOCTH
K m3onaty Sn4BJl (Tox3™) (cm. tabm. 1). [IpenBapurenbhas
obpaboTtka pacteHuii, He 4yBcTBUTENbHBIX K Tox3 (Om35),
ABT, He Bo3/1eficTBOBaIa HA MX PEAKIINIO YCTOHYNBOCTH, He-
3aBUCHMO OT M30JI5ITa, KOTOPHIM MHOKYJIHPOBAJIN PACTECHHUSL:
Snb (Tox3") uam Sn4BJI (Tox3") (cM. Tabn. 1). O6paboTka
gyBcTBUTENBHBIX K Tox3 (Ka310) pactenuit muHTHOHTOpOM
cunre3a stwiieHa ABIT yBenuuuBana ux yCcTOMUHUBOCTH K
n307Ty Snb 1 He U3MeHsIa yCcTONYUBOCTD K M30TY Sn4BJ]
(cm. Tabm. 1).

BuocuHTe3 M CHTHAJILHBIN IYTh 3THJICHA B MHPUIUPO-
BaHHBIX PacTeHUSIX. AHAIU3 TPAHCKPUIIIMOHHOW aKTHB-
HocTH TeHoB OnocuHTe3a (ALIK-cunTaser — TaACS n ALIK-
okcunassl — 7uACO) u curaanbHOro My TH dTIuieHa (TaEIL 1,
TaERF1) noka3an nossimenue cogepxanust MPHK stux re-
HOB B PEaKI[M1 COBMECTUMOCTH, PAa3BUBABIIEHCS Y BOCIIPHU-
nMumBbIX pactenuii (Kaz10/Snb) u pacrennii, 06paboTaHHBIX
9T (Kaz10/Snb+3T, OM35/Snb+3T) (Tabun. 2). Y yyBcTBU-
tenbHBIX K Tox3 pactennit (Ka310) coneprkanne TpaHCKPHUII-
TOB T€HOB OMOCHHTE3a ATWJICHA ¥ TeHa TPAHCKPHITLIOHHOTO
(hakTOpa MEepBUYHOIO O0TBETA Ha 3THIICH TaERF | MOBBIIIAIOCH
npuMepHo B 3—4 pasa, a coiepKaHWE TPAHCKPUITOB TeHa
IJTaBHOTO PETyISTOPHOTO (hakTOpa ITHICHOBOTO CUTHAJILHOTO
nyti TaEIL1 — B 1418 pa3 uepes 24 1 nociie nHGUIMPOBAHUS

Ta6nuua 1. Peakums Ha MHOKynALMIo n3onsaTamm S. nodorum Snb (Tox3*) n Sn4B[ (Tox3")
[BYX COPTOB MLUEHNLbI C Pa3NINYHbIM ansienibHbIM COCTOSHUEM JIoKyca Snn3-B1

KaszaxcTtaHckasa 10

Omckas 35

* RR (0-5 %) — copTa C o4YeHb BbICOKOW U BbICOKOW YCTONUMBOCTbIO; R (o 10-15 %) — yctonumebie copta; M (go 25 %) — cnaboBocnpurMumBble COPTa;
S (po 40-65 %) — BocnpurmumBble copTa; SS (o 90-100 %) — copTa C O4EHb BbICOKOW 1 BbICOKOWN BOCMPUNMYMBOCTBIO.
** 33 24 4 fo MHOKYNALUMK S. nodorum pacTeHna NeHuLbl 6biny 0bpaboTtaHbl UK atedpoHom (3T), N NHIMGUTOPOM CMHTE3a 3TuneHa (ABI).
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Tabnuua 2. Pe3ynbtaTbl TPAHCKPUMNLMOHHOIO aHanr3a reHoB 61OCHTE3a U CUTHANbHOTO NYTW STUMEHA Y ABYX KOHTPACTHbIX
Mo YCTONYMBOCTM COPTOB MiueHunUbl, KazaxctaHckan 10 1 OMckas 35, uepes 24 4 nocnie nHouumMpoBaHua nsonatamu S. nodorum

BapuaHT 06paboTku leH
TaACS TaACO TaEIL1 TaERF1
Ka3zaxcTtaHckasa 10
Ka3z10 100 100 100 100
Ka310/Snb 311+60 237+30 1400+ 200 356+70
Ka310/Snb+ ABI' 143+23 77+3 389+0 100£20
Ka310/Snb+3T 350+34 223+10 1810270 450+34
Ka310/Sn4B[ 128+28 110£10 322+10 102+10
Ka310/Sn4B[ + ABI 117+9 63+15 390+60 14610
Ka310/Sn4B+3T 121£10 65+6 375+20 1077
Omckasn 35
Om35 100 100 100 100
Om35/Snb 86+10 47+10 77+6 92+10
Om35/Snb+3T 169+8 190+15 325+54 262+35
Om35/Snb+ABl’ 102+£20 54+10 115+£20 178+40
Om35/Sn4B[] 97+10 14310 133+£20 54+2
Om35/Sn4B0+3T 125+6 95+7 156+10 199+2
Om35/Sn4B + ABI' 108+20 206+20 129+20 134+5
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Puc. 2. CopepikaHune nepekncy BOLOPOAA B INCTbAX ABYX cOPTOB, KaszaxctaHckan 10 (a) n OMckasn 35 (6), uepes 24 1 72 4 nocnie MHOKYAALUM U30NATamMu
S. nodorum Snb (Tox3+) n Sn4B[ (Tox3-).
KoHTposnb — HenHprUMpoBaHHble pacTeHus; Sn — HGULMpOBaHue nsonsatamm S. nodorum; Sn+ ABI - nHdULMpoBaHue + o6paboTka ABI; Sn+ 3T - nHduumposa-

Hue +06paboTka IT. 3B€3A0UKM MNOKA3bIBAIOT CTATUCTUYECKN AOCTOBEPHBIE OTINYUA OT KOHTPOJBbHO FPYMIbl, Pa3HOE KOMYECTBO 3BE3[0UEK — CTAaTUCTUYECKN
[OCTOBEPHbIE PAa3nnuMa Mexay BapuaHTamu npm p < 0.05.

(cm. Tabm. 2). OmHAKO Y HEYYBCTBUTEIBHBIX K ToX3 pacTeHuit
B KoMOmHammu copt/muzonsat Om35/Snb+3T nHakoruieHne
MPHK reHOB OMOCHHTE3a M CHTHATIBHOTO ITyTH 3THIJICHA OBLIO
HHWXKC, YEM B OCTAJIbHBIX KOM6I/IHaI_II/IHX COpT/I/ISOJ'DIT, IPpUBO-
JTUBIINX K PEAKIIMA COBMECTHMOCTH (CM. TalI. 2).

[Ipu pa3BuTHH peaki HECOBMECTUMOCTH Y HCUYBCTBH-
TeJabHbIX K Tox3 pacTeHuil B KOMOMHALMSAX COPT/U3O0IST
Om35/Snb, OM35/Sn4B/1, HezaBucumo ot obpadorok IT u
ABT, 00HapyXeHO TONaBICHAC WIH OTCYTCTBHE HAKOILIC-
HUS TPAHCKPUIITOB I'€HOB 6I/IOCI/IHT633 1 CUTHAJIBHOT'O IIYTH
sTHIIeHA (CM. TabM. 2). Y 4yBCTBUTENBHBIX K TOX3 pacTeHni
MIPU Pa3BUTHH PEAKIIUU HECOBMECTUMOCTH KaK IPU HWHO-
kyssiiua u3oisitom SndBJ1 (Tox3™) (Ka310/Sn4B/1, Kaz10/
Sn4BJ1+ABI, Ka310/Sn4B/]+3T), Tak 1 npu HHOKYIISAIINN
usonarom Snb (Tox3%1) (Ka310/Snb+ABI') oGnapysxkeno
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orcytctBue Hakoruienus MPHK renoB ACS, ACO, ERFI n
Hebonpmoe Hakoruienne MPHK rena 7aEIL1 o cpaBHEHHUIO
C KOHTPOJILHBIMU PacTeHUSIMH (CM. TaoII. 2).
Penoxc-craryc uHGUUUPOBaHHBIX pacTeHuii. C 1enbio
onpeneneHus poiau SnTox3 B peryIsun peIoKc-MeTa0oTm3-
Ma pPacTeHUSI-XO35IMHA C MTOMOIIBIO BIMSHUS Ha OMOCHHTE3
U CUTHAJBHBIN MyTh ATUJICHA NMPH MOAABICHUU 3aLUTHBIX
peakiuil B MHOUIMPOBAHHBIX PACTEHUSX OBLIN M3YUYCHBI
KOMITOHEHTBI TMPO-/aHTHOKCUIAHTHOW cHucTeMbl. Peakmus
COBMECTUMOCTH KakK y BOCIPHUMYHUBBIX pactenuit (Kaz10/
Snb), Tak u'y pactrenwuii, oopadoranusix DT (Ka310/Snb+9T,
Om35/Snb+3T), xapakTepu3oBaiach CHHXEHHUEM COAEp-
xanus H,O, (puc. 2, a, 6) 3a c4eT NOBBIIEHUS AKTHBHOCTH
katanassl (KAT) (puc. 3, 0, e), cHmwkenus aktuHocTH 110
(em. puc. 3, a, 6) u OO (cMm. puc. 3, 6, 2) ¥ OTCYTCTBUS Ha-
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Puc. 3. AKTMBHOCTb NepoKcraasbl (a, 6); okcanaTokcuaassbl (8, 2) U Katanasbl (0, €) B IMCTbAX ABYX coOpToB, KasaxcTaHckas 10 (g, 8, 0) u Omckas 35 (6, 2, e),
yepes 24 1 72 4 nocne NHOKyNAUMK nsonatamm S. nodorum Snb (Tox3+) n Sn4B[ (Tox3-).

0O603HaueHusA CM. Ha puc. 2.

Ta6nuua 3. Pe3ynbTaThl TPAHCKPUMLMOHHOTO aHas3a reHOB OKCMAOPEeAyKTa3 Y ABYX KOHTPACTHBIX MO YCTONYMBOCTH
CcoOpTOB nweHuLbl, KasaxctaHckaa 10 n Omckas 35, yuepes 24 4 nocsie MHGUUMPOBaHUsA nonatamm S. nodorum

BapunaHt M3onaT natoreHa
06paboTku® ) SnB (Tox3+) """"""""""""""""""""""""""""""""""""""""""""""""""" S n4B,£l (Tox3‘) """""""""""""""""""""""""""""""""""""""""""""""
reH .....................................................................................................................................................................................................
TaRboh TaSod TaPr TaRboh TaSod TPk
......................................................................................................... K a3aXCTaHCKaﬂ10
K OHTponb .................. 1 00 ............................ 100 ............................ 100 ............................ 100 ............................ 100 ............................ 100 ..........................
s 783 8810 71%3 160+21 144x8 23:20
SneABT 1m0 169+20 163£30 145840 mos3 210450
snedT 5.1 8147 104820 152837 14s2 51£50
OMCKa;|35 ...............................................................................................................
K OHTponb .................. 1 0 0 ............................ 100 ............................ 100 ............................ 100 ............................ 100 ............................ 100 ..........................
K. 12610 264420 365426 160+20 196+9 264420
SneABT 13620 22440 M3z 120610 178+18 170420
SnedT g+10 1gr9 136+15 132630 159£10 181£34

* 0603HaueHVa BapUaHTOB 06PaboTOK CM. Ha PiC. 2.
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KOIUICHHUSI TPAHCKPHIITOB I'€HOB, KOAMPYIOMINX OKCHJIOpe-
nykrassl HAJI®H-okennasy (TaRbohF), COH (TaSod) n
1O (TaPrx) (Tabmn. 3). OqHako y HEUyBCTBUTENbHBIX K Tox3
pacteHuil B komOuHaIuu copt/usoist Om35/Snb+ 3T peak-
¥ TTOAABJICHUSI OKUCIIMTEIBHOTO B3pBIBa ObLIa BEIpaXKEHA
crnabee, 4eM B OCTaJbHBIX KOMOMHALMSX, MPUBOIUBLINX K
COBMECTHUMOCTH (CM. puc. 2, 3, Tabi. 3).

s peaknny HECOBMECTHMOCTH B KOMOWHAIUAX copT/
mzossat OM35/Snb, Om35/Snd4B/1, Ka310/Sn4B/l, a taxxke
pactenuii, oopadoranubix ABT, Bo Bcex KoMOMHAIIMAX OBLIO
XapakTepHo noselenue reaepauun H,O, (cm. puc. 2, a, 6)
3a CYET CHIYKCHUS MJIH OTCYTCTBHS [TOBBIICHUS aKTHBHOCTH
KAT, a Takxxe pe3koro yBenudenus aktuHoctu [10 u OO
(cM. puc. 3) ¥ HAKOIUIEHHUS TPAHCKPUNTOB TeHOB TaRbohF,
TaSod v TaPrx na panHeM stane nHpUIposanus (24 1) (cM.
Tabum. 3), yto npuBoamIo K pazsutuio CBU-peakiuu u ocra-
HOBKe pocTa narorena (cMm. T1adm. 1). O6padotka 3T He BwsI-
JIa Ha XapaKTep OTBETHOI PeaKIMi KaK 4yBCTBUTEIBHBIX, TAK
W HEUyBCTBUTEJIBHBIX K TOX3 pacTeHuii, MHOKYJIHMPOBAHHBIX
m3omsatToMm Sn4BJ1 (Tox3") (em. puc. 2, 3, Tabm. 3).

O6cyxpeHue

B macrosimee BpeMsi yCcTaHOBIEHO, 9TO TpHub S. nodorum
npoayupyer BoceMb HD, oTBedaromux 3a BUPYJICHTHOCTh
u3ossitoB maroreHa (Phan et al., 2016; Shi et al., 2016).
Toxcunsl SnToxA, SnTox1, SnTox3 cynuTaroTCss OCHOBHBIMHA
HD, B GosbIIeii cTeneHn onpeaessionMI BUPYICHTHOCTD
IITAMMOB U U30JISITOB IMaTOr€HAa, 4TO OBLIO MIOKa3aHO B pado-
Tax ¢ MyTaHTHBIMH IITaMMaMHu S. nodorum ¥ pa3InIHbIMA
JIMHUSIMHA TTHICHHIB], YyBCTBUTEIBHBIMHU M HE 1yBCTBUTEIb-
HBIMH K JaHHbIM d¢dekropam (Phan et al., 2016; Shi et al.,
2016).

B nameii pabore y BupysneHTHOTO n30isiTa Snb BhIsBICHA
BBICOKAs! TPAHCKPUIILIMOHHAS aKTUBHOCTh reHa Sn7ox3 (cM.
puc. 1, 6). Y aBupyneHTHOTO HM30sTa Sn4BJ] 00HapY)eHO
OTCYTCTBHUE IKCIIPECCHH 3TOro TeHa (cM. puc. 1, 6), 9ro yka-
3piBaeT Ha nHakTHBauuio HD SnTox3 y nannoro mzossira (Tan,
Oliver, 2017). 3yueHo 1Ba KOHTPACTHBIX MO yCTOHYINBOCTH K
S. nodorum copra MATKOH SpOBOH MIICHUIIBI, OTIINIABIINXCS
aJIeNIbHBIM cocTaBoM Snn3-BI nmokyca (cM. puc. 1, ), 4to
MOKET CBHJIETEIbCTBOBATh 00 WX TyBCTBUTEIBHOCTH U HeE-
gyBcTBHUTenbHOCTH K HD SnTox3 (Shi et al., 2016). B pabore
G. Shi ¢ kosneramu (2016) nBe nuHuy nuenunsl, BG220 u
Sumai3, Hecymme pa3IHIHbIe aJUTeNH JJoKyca Snn3-B1, moka-
3aJIM Pa3IMYHYIO CTETIeHb YyBcTBUTEIbHOCTH K HD SnTox3).
Hecmotps Ha 10, uTO Y copta OM35 Hynb-amiens K Snn3-B1
He ObUT 0OHApyKeH, COPT OBUT HEUYBCTBHUTEICH WIH cIabo-
yyBcTBUTENEH K SnTox3. DT0 MOXKET TOBOPUTH O HAIMYUHU
OOJIBIIION JieNielny B JIOKyCe MeXy Mapkepamu Xcfd20 w
Xgwm234, 9T0 coBmamaeT ¢ MUTepaTypHBIMU JaHHBIMH (Shi
etal., 2016). Tak, u3 17 myTanToB Sumai3, He YyBCTBUTCIb-
HbeIX K SnTox3, Tonbko y 5 ObUT OOHAPYKECH HYJb-aILJICIb
Snn3-Bl1:y AByX JWHUH MO TPEeM MHUKPOCATEITUTHBIM Map-
kepam: Xgwm234, Xmag705 n Xcfb306, y Tpex IMHUH 10
omHOMY — Xcfb306 (Shi et al., 2016). Takum oOpa3om, mpu
UCTIONB30BaHUH JIBYX U30JIATOB, S. nodorum Snb (Tox3™) u
Sn4BJ1 (Tox3"), u ABYX COPTOB MATKOH SPOBOH IIIICHUIIBI C
Pa3HbIMU T'€HOTHIIAaMU OBUTH TI0JI00paHbI YEThIPE Pa3INnYHbIC
KOMOWMHAITIH COPT/U30IAT st m3ydeHus ponu SnTox3 B pas-
BUTHH WHPCKIIH.

862

Effect of the SnTOX3 on the ethylene signaling pathway
and redox-status in common wheat

C oxHoi#t cTopoHbl, ocHOBHOU (yHKkumerr HD SnTox3 cun-
TaeTcs 00pa3oBaHME 30H MOPAKECHUS HA JIHCThSIX UyBCTBH-
TEJBHBIX TCHOTHIIOB IIICHHIl C TTOMOIIBIO «3aXBaTay He-
creuu(pUYECKUX CUTHAIBHBIX My TEH 3alllUThl X035IMHA U Ma-
HUTYTUPOBAHUS MU JUUTSI CBOETO pocTa u pazsutus (Winter-
berg et al., 2014). C npyroii cTopoHsl, Hoka3aHo, yto SnTox3
YBEJIMUMBACT CUHTE3 JTHJICHA B MH(MUIIMPOBAHHBIX PacTe-
ausax (Winterberg et al., 2014).

s Bersinenust ponu SnTox3 B perysmsiiun OMOCHHTE3a U
CUTHAJILHOTO Iy TH STHJICHA YaCTh PACTEHHI MIIEHHUIIBI ABYX
coptoB — Ka310 u Om35 — 6puta 06paboTaHa XUMHYECKUM
Mpe/IIeCTBeHHUKOM dTiiieHa DT 1 MHrnOUTOpOM OMoCHHTE3a
stiiena ABI. Hamu pe3ynbraTsl moka3ajiu, 4TO YBEIHUEHUE
BOCIIPUUMYHUBOCTH PACTCHUH NIICHUIBI K S. nodorum mocine
06paborku DT u MOBBILICHNE YCTOWYNBOCTH 1Tociie 00padoT-
ku ABI 3aBuceny ot renotuna u3onsra narorena Snb (Tox3™)
mwm Sn4BJ[ (Tox3") (cm. Tabn. 1). DTo mpeamonaraet, 9To
H3 SnTox3, neiicTBys kKak (akTop BHPYJICHTHOCTH, BIIHSI
Ha 3alIMTHYIO CHCTEMY PACTEHHUI MOCPEACTBOM PEryJIsiiuK
OMOCHHTE3a U CUTHAJIBHOTO IyTH 3THiIeHa. CHHTE3 THIIeHa
HEKOTOPBIMH ITATOI€HAMH TECHO CBSI3aH C UX BUPYJICHTHOCTHIO
(MaK.-W.,Ma W.,2016). Hanipumep, 3¢ ekTop naroreHHoM
Gaxrepuu Xanthomonas euvesicatoria XopD MaHUTYTHDY-
€T ATWICHOBBIM CHUTHAJIBHBIM ITyTEM, BIIUSISI Ha TPAHCKPHII-
roHHbI pakrop ERF4 (Ma K.-W., Ma W., 2016), a He-
kpotpodusnii rpud Cochliobolus miyabeanus wHIyIHpYET
CUTHAJIBHBINA Iy Th STWIICHA B PHCE, TPOLYLUPYS U CEKPETHPYSI
STUIIEH Kak 3((PEeKTop ISl yCKOPEHUSI MHPEKLUOHHOTO IPOo-
necca (Shen et al., 2018).

AHanmi3 TPaHCKPHUIIIHOHHOW aKTUBHOCTH I'€HOB OMOCHH-
T€3a M CHIHAJBHOTO ITyTH THJIEHA B Hallel padore Tarkxke
MOKa3aJl 3aBUCHMOCTh aKTHUBAllMM T€HOB 3TOTO IYyTH B WH-
(bUIMpPOBaHHBIX PACTEHHAX OT TEHOTHIIA M30JIATa MaToreHa
1 9yBCTBUTENIbHOCTH TeHoTHMNa mineHuIsl kK HD SnTox3 (em.
Tabm1. 2). DTH pe3ynbTaThl MPEI0NaraloT, YTO HHIYKINsA OHO-
CHHTE3a ¥ CUTHAJILHOTO My TH dTHJICHA IIPOUCXOANT B PE3YIlb-
TaTe B3aUMOJIEHCTBHUS 110 THITY T'eH-Ha-TeH Snn3-B1-SnTox3.

WHTepecHo, 9To y HeUyBCTBUTENBHBIX K SnTox3 pacTeHwmid
B KoMOuHanmu copt/m3omsat Om35/Snb+ 3T obpadorka DT
YBEJIMYHMBaJIa YyBCTBUTEILHOCTD pacTeHni Kk atomy HO (cMm.
Tabm. 3). Takas peakuus MorIa OBITh PE3YNETATOM MYTaIHH
B FeHax, perylnupyeMbIX B3anmozenctsueM Snn3-B1-SnTox3
(Shi et al., 2016). OnHako akTUBaIKs T€HOB OMOCHUHTE3a U
CHUTHAJIBHOTO ITyTH 3THiIeHa B koMOmHarmun Om35/Snb+3OT
Oblna cinabee, YeM MPH COBMECTHMOM B3aUMOJICHCTBHUH
gyyBcTBUTENbHBIX K SnTox3 pacrennit (Kaz10/Snb, Ka310/
Snb+3T) (cM. Tabm. 2). ITO mpeAroaaraeT, YTo y yCTOHIH-
BBIX PAacTEHHH MMEETCS MEXaHW3M aKTHBHOTO ITOJAaBICHUS
OMOCHHTE3a M CUTHAJILHOTO ITYTH STHJICHA JJIsl MHAYKIUH 3a-
IIWTHBIX PEaKInii, KOTOpble HHrHONpyeT sTiieH. Hampumep,
STUIICH MHrMOMpoBast OMocuHTe3 canninoBoi Kuciotsl (CK)
1 TIO/IaBJISLII 3KCIPECCHI0 MapKepHbIX reHoB CK-curaaabHOro
myTH, PR-1 u PR-2, B pacTeHHUAX apabuorncuca, HHQUIIPO-
BaHHBIX Pseudomonas syringae (Chen et al., 2009), Tak xe,
KaK B pacTEHHMSIX MUICHHIIbI, MHPUIUPOBAHHBIX S. nodorum
(Becemosa u ap., 2016). A xpeMHIIA GIOKHPOBAIT TPOTYKIIUIO
sTrieHa natoreHoM C. miyabeanus, 4T0 IPUBOHIIO K TIOBBI-
IICHUIO YCTOWYMBOCTH pacTeHuil puca (Shen et al., 2018).
TakuMm 00pa3oM, NMOTYUYEHHBIE PE3YIbTATHl JOKA3BIBAIOT
BimsiHre SnTox3 Ha OMOCHHTE3 M CUTHAJIBHBIH ITyTh STHIICHA
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MIPU B3aUMOJICHCTBUY 110 TUITy TeH-Ha-reH Snn3-B1-SnTox3
C LIENIBIO MO/IABJICHNS 3AlIUTHBIX PEaKIN M yCIICIIHOH KO-
JIOHM3ALUK PACTCHUH MIICHNIBI.

Panee ObuIH COOOIIEHNS, UTO ITHUIIEH 00€cIeunBa 0Jaro-
MPUSATHBIC YCIOBUSI I IPOHUKHOBEHUSI M pa3BUTHUSA S. no-
dorum B TKaHSIX PAacTEHHH NIICHUIBI HA HAYAIBGHOM JTare
MH(UIPOBAHMS 3a CYET PETYISIIHN PEIOKC-METadoNIn3Ma 1
cumwkenus rerepauuu H,O, (Becenosa u ap., 2016, 2018).
Hamporus, nakonnenne AD®K B pacTeHMsX MIIEHUIBI HA
HavyaJbHOW CTaAMu MHOHUIMPOBAHUS TATOTEHOM S. nodorum
OTIPEAEISII0 YCTOWYNBOCTE COPTA, HHIYLUPYS IKCIIPECCHIO
TeHOB 3aIlMTHBIX OenkoB (Becenosa u zp., 2016, 2018). U3z-
MEHEHHE PEIOKC-CTaTyca MH(PHUIUPOBAHHBIX PACTEHUH IIIIe-
HUIIBI B HAIIINX 9KCIIEPUMEHTAX MTOTHOCTBIO 3aBHUCEIIO OT akK-
THUBAallMM WJIM WHTUOWpPOBaHUS OMOCHMHTE3a U CUTHAJIBHOTO
IyTH TUJICHA, IPUYEM ATO BIUSIHUE OBLIO 00YCIIOBIICHO B3au-
MozelcTBueM reH-Ha-reH Snn3-B1-SnTox3 (cm. puc. 2, 3).
Hamm pe3ynbrarsl mokasanu, 4To STHIICH ITOJaBIIsT HAKOII-
nenue H,O, B uyBcTBUTENBHBIX K SnT0X3 pacTeHusax 3a cueT
noBeimenus aktTuBHOCTH KAT, cHmkenus aktusHoctr I1O n
OO 1 yMeHbIIEHNS COAEPKaHNs TPAHCKPHUIITOB TeHOB, KOJIU-
pyromux okcunopenykrassl, HA JI®OH-okcuaazy u COJl, uto
coBMajaeT ¢ AaHHBIMHU JuTepatypsl (Golemiec et al., 2014;
Ma et al., 2017) u pe3ynbraTramu, IOITy4YeHHBIMA HAMH paHee
(Becenoa u ap., 2018).

[Toxazano, uto HD SnTox3 perymupyer reHsl, CBsI3aHHbIC
C peIOKC-MEeTaboIM3MOM, ¥ IPUHUMAET ydacTue B 0Opaso-
BaHuK Hekpo3oB (Winterberg et al., 2014), onHako Bompoc o
MexanmMax BiusHII SnTox3 Ha reneparmio AOK ocraercs
OTKPBITBIM JIIsl M3y4eHus. V3 nmreparypsl n3BeCTHO, 4TO
cneuuduyeckre dPPEeKTopsl MaTOreHOB MOTYT MHAYIHPO-
BaTb CBU-peaknuio B KJIETKaX PaCTeHHH, a TAK)KE TIOIAaBIIATh
OKHCITUTEIIBHBIH B3PHIB PACTEHNH Pa3IMIHBIMU CIIOCOOaMH BO
Bpemst nH(peKImonHoro nporecca (Jwa, Hwang, 2017). Ha-
TpuMep, 1Ba IUToINIa3MaTnaeckux 3 dhexropa Phytophthora
Sojae B3aUMOJICHCTBYIOT C KaTaja3aMH JUlsl PEryJsiiiny KOH-
nentpanuu H,O,. Ddbdexrop U. maydis Pepl cBsa3biBaercs ¢
nepoKcraa3oit Kykypyssl POX12 in vivo v mogaBiseT paHHHE
MMMYHHBIE OTBETHI KyKypy3sl (Hemetsberger et al., 2012).

3aknioyeHune

Pesynbrarsl Hameld pabOTHI peIonaraioT, 9to 3 hexTop
naroreHa SnTox3 BiusieT Ha OMOCUHTE3 M CUTHANIBHBIN Y Th
9TUJICHA C LIEJIBIO PETYISIIUH PeIOKC-MeTaboIM3Ma HHQUIIH-
POBaHHBIX PACTEHUH MIIEHUIIBI JJIS YCIIEIIHON KOJIOHU3AIN!
XO03slMHA Ha HayaJIbHBIX dTanax MHQHUIMPOBAHUS, YTO BIO-
CIIEZICTBUH PHBOJUT K OOIIMPHBIM 30HAM IIOPAKEHHUS 32 CYET
OBICTPOTO PA3MHOMKECHUS [TATOTE€HA.
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MHavIMpoOBaHHAas YCTOMUMBOCTD IIpecTaBuTesie poga Triticum
K OOBIKHOBEHHOI1 3/71aKOBOII T/1e Schizaphis graminum Rond.

C.A. PyMHHueB@, C.B. BeceaoBa, I.®. Bypxanosa, I1.B. Makcumos

VIHCTUTYT GBMOXMMNN 1 TEHETUKIN — 060CO6NEHHOE CTPYKTYpPHOE noapasaeneHne Yorumckoro GpeaepanbHOro NcciefoBaTeibCckoro LeHTpa Poccuiickomn
akapemun Hayk, Yoa, Poccusa
&) e-mail: Rumyantsev-Serg@mail.ru

O6blKHOBeHHas 3nakoBas 1A Schizaphis graminum Rond. HAaHOCUT 3HaUNTENbHbIN yLiep6 NoceBam 3ePHOBbIX KY/bTYP,
NMOSTOMY MOBbILLEHVE YCTONYMBOCTY PACTEHMIA K TIISIM — OAHA 3 NepBOCTENeHHbIX 3agau. Mpobnema co3gaHua ycTon-
YMBBIX COPTOB K HACEKOMbBIM, MUTAOLLMMCA GIOIMHbBIM COKOM, CTOUT AOCTATOYHO OCTPO, TaK Kak MEXaHU3MbI, XapaKTe-
pu3yoLmne yCTOMYMBOCTb PACTEHUN K HACEKOMbIM, O KOHLIA He 13y4YeHbl. Tem He MeHee B COBPEMeHHON nuTepaType
OMNMCHIBAIOT MEXaHU3MbI, CBA3aHHbIE C N3MEHEHMEM pefloKC-CTaTyca pacTeHUI, 3aceneHHbIxX Tnei. Kpome Toro, B no-
cnefiHee Bpems Bce Gobliuee BHYMaHVE YOENAETCA N3YUYEHUIO MEXaHN3MOB MHAYLPYEMOI YCTONUMBOCTY NMLWEHMLbI
K TNAM, PEryinpyemoli FOPMOHaNIbHbIMY CUTHaNbHbIMK cucTeMaMu. [na oBHapyXeHWsA CBA3N MeXAY PeAoKC-CTaTy-
COM, NMoKa3aTenAMM YCTONYMBOCTUA PACTEHNI MLLEHNLbI (QHTUOMO30M U BBIHOC/IMBOCTBIO) K BPeAUTENO U NHAYKLMUER
»acmoHaT (KAK)- n canmuunat (CK)-curHanbHbIX NyTen y npefcTaBUTeNnen Tpex BUAOB pacTeHN nweHuubl, Triticum
aestivum L., T. monococcum L. n T. timopheevii Zhuk., 3aceneHHbix 06bIKHOBEHHO 311aKOBOW Tel S. graminum, 6binn
npoBefeHbl NCC/IeA0BaHNA C MOMOLLbIO GU3NONOTMYECKUX, BUOXUMNYECKUX U MOSIEKYIAPHO-TEHETUYECKNX METOLOB.
TecTbl Ha aHTVGVO3 1 BLIHOCIIMBOCTb MOKa3anw, YTO YCTOMYMBBIMU MO OTHOLLEHWIO K S. graminum 6binn o6pasupbl T. timo-
pheevii — kK-58666 1 T. monococcum — K-39471, nocnefHUN U3 KOTOPbIX OKa3asncs Hanbosiee BbIHOCIVBbIM. YCTONUYMBbIE
06pasubl OTANYANNCH BbICOKUM COAEPKaHVEM NePEKNCY BOAOPOa M NMOBbILEHHOM aKTUBHOCTbIO NepoKcmaasbl. B Ha-
wen paboTe nccnefoBaHa sKcnpeccus reHoB, Kogupytowmx PR-6enkn, mapkepbl u perynatopbl CK- (TaRboh, TaPAL,
TaPr1, TaPrx) n XXAK-curHanbHbix nyTten (TaPl, TaLOX, TaPrx). Mpy paHHUX OTBETHbIX pPeakLmAX Nocsie 3aceneHns Tnen y
Bocnpumnmumsoro copta Canasat lOnaes (T. aestivum) akTmBupoBanacb skcnpeccuna Tonbko MKAK-3aBUCKMbIX FeHOB, YTO
oTpakasno peaKkuuio pacTeHUii Ha noBpexaeHue. Y yctonunsoro obpasua T. timopheevii K-58666 noBbllwanacb TpaHC-
KPUMLMOHHAA akTMBHOCTb CK-3aBMCHMBIX FreHOB, MPW 3TOM TNA NPaKTMYeCKN He pa3MHOXanacb. Y yCToiunBoro o6-
pasua T. monococcum K-39471, NpoABUBLLIErO HaNOONbLUYO BbIHOCIIMBOCTb, YBENIMUMBANach SKcnpeccns Kak CK-, Tak 1
?KAK-3aBMCHMbBIX reHOB. Mbl Npefnonaraem, YTo OKUCINTENbHBIN B3PbIB Y YCTONUMBbLIX GOPM MLLEHNLIbI UHAYLMPOBas-
cs 6narogaps 3anycky CK-cvrHanbHOro nyTu, YTO UMENO PeLLaloLiee 3HaYeHe B JaslbHeMILEM KacKage XUMNYeCKNX
peaKkunii, BeAyLnX K pa3BuTHIO yCTONYNBOCTU.

KnioueBble cnoBa: Schizaphis graminum Rond.; Triticum aestivum L.; T. monococcum L.; T. timopheevii Zhuk.; nonume-
pasHaA uenHasa peakums; GUTOUMMYHUTET;, peAOKC-MeTaboM3M; FOPMOHasIbHbIE CUTHaJIbHblE CUCTEMbI; SKCnpeccms
reHoB.
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npencTasuTenen poga Triticum K 06bIKHOBEHHOW 31aKoBol Tne Schizaphis graminum Rond. BaBUnoBcKuiA XypHan re-
HeTuKM 1 cenekuymmn. 2019;23(7):865-872. DOI 10.18699/VJ19.560

Induced resistance to the greenbug aphid
Schizaphis graminum Rond. in species of the genus Triticum

S.D. Rumyantsev@, S.V. Veselova, G.F. Burkhanova, I.V. Maksimov

Institute of Biochemistry and Genetics — Subdivision of the Ufa Federal Research Centre, RAS, Ufa, Russia
&) e-mail: Rumyantsev-Serg@mail.ru

The greenbug aphid Schizaphis graminum Rond. causes a significant loss of the grain harvest. Therefore, to improve
plant resistance to aphids is one of the topical tasks. The problem of creating varieties resistant to phloem-feeding
insects is quite urgent, since the mechanisms procuring the resistance of plants to insects are not fully understood.
Nevertheless, modern literature describes some mechanisms associated with changes in the redox state of colonized
plants. Besides, attention is being increasingly focused on the study of mechanisms that underlie inducible resistance
to aphids in wheat and are regulated by hormonal signaling systems. To detect connections among the redox status,
indicators of resistance (antibiosis and endurance) of wheat plants to the pest, and induction of the jasmonate (JA)
and salicylate (SA) signaling pathways, we studied accessions of three species of wheat plants - Triticum aestivum L.,
T.monococcum., and T. timopheevii Zhuk.— infested with S. graminum greenbugs by physiological, biochemical, and mo-
lecular methods. Analysis of antibiosis and endurance showed that T. timopheevii k-58666 and T. monococcum k-39471
were resistant to S. graminum, the latter accession being the most enduring. High hydrogen peroxide contents and
high peroxidase activities were detected in the resistant plants. We investigated the expression of genes encoding PR
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proteins, including markers and regulators of the salicylate (TaRboh, TaPAL, Tapr1, TaPrx) and jasmonate (TaPl, TaLOX,
TaPrx) signaling pathways. At the early stage of infestation in the susceptible T. aestivum variety Salavat Yulaev, the ex-
pression of only jasmonate-dependent genes was activated in response to plant damage. In the resistant T. timopheevii
accession k-58666, expression of only salicylate-dependent genes was activated, while the aphid reproduction was
practically absent. In the resistant . monococcum accession k-39471, expression was activated in both the salicylate-
dependent and jasmonate-dependent gene groups. We assume that the oxidative burst in the resistant forms of wheat
was induced via the activation of the SA signaling pathway, which was of crucial importance in the further cascade of
chemical reactions leading to the development of resistance.

Key words: Schizaphis graminum Rond.; Triticum aestivum L.; T. monococcum L.; T. timopheevii Zhuk.; polymerase chain
reaction; plant immunity; redox metabolism; hormonal signaling systems; gene expression.
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BBepeHmne
3HaYNTENBHBIHA yIepO moceBaM MIIEHHUIBI CPEH HACCKOMBIX-
BpCIUTEINICH HAHOCUT 311aKoBast s (Schizaphis graminum)
(Morkunas et al., 2011; Pamguenko, 2012). Ha cerogusismii
JICHb TIOBBIIIEHUE YCTONYMBOCTH 3€PHOBBIX KYJIBTYP K TIISIM
SIBJISIETCSI OTHOM M3 EPBOCTETICHHBIX 33/1a4 KaK HayKH, TaK U
npakTUKH. OAMH U3 TIOIXOA0B PEIICHU 3TOM MPOOIeMbI — Ce-
JIEKIMS yCTOWMYMBBIX TEHOTHITOB pacTeHni. OHaKo reHO(POH
Triticum aestivum L. oTHOCHTENbHO O€/leH YCTOHYMBBIMU
(hopmMaMH, TOATOMY BO3HHUKAET HEOOXOMUMOCTh M3ydaTh JH-
KOPACTyIMe BU/IBI MIIEHAIBI. [I0Ka3aHo, 9TO OOIBIIMHCTBO
o0pasuoB 7. monococcum L. u T. timopheevii Zhuk. obnanaer
KOMIIJIEKCHOW YCTOMYMBOCTBIO K LIEJIOMY Py BpEAUTEICH U
6onesneit (Paguenko, 2012). Ho mis co3nanus ycTOHINBO-
TO cOpTa HEOOXOMMO 3HAaHHE MOJICKYIISIPHBIX MEXaHU3MOB
YCTOMYHUBOCTH.

3ammura pacTeHUI OT HACEKOMBIX, ITUTAIOIIUXCS (IIOIMHBIM
COKOM, 00ecIIeunBaeTCst 3a CUET MEXaHN3MOB Kak crierudu-
YECKOW YCTOMYMBOCTH I10 TUILY I'€H-HA-T€H, TaK U HEeCIeLU-
(hu9IecKoil pe3NCTEHTHOCTH, CBSI3aHHON C TOPMOHAIEHBIMA
CUTHAJIbHBIMU cucTeMamu pactenui (Morkunas et al., 2011;
Pamuenxko, 2012). B mocnenHee Bpems Bce 60mbliee BHUMaHHE
YAESIETCSl N3yUCHNIO MEXaHU3MOB MHAYIHUPYEeMOH (AKTHB-
Hoii, mo H.I. BaBunoBy) yCcTOMUMBOCTH MIIEHUIB] K TISIM.
Wunyuupyemas Hecrienuuyeckast yCTOHYMBOCTh PACTEHHH,
Pa3BUBAIOIIANCS NPOTUB HACEKOMBIX-(UTO(AroB, peryin-
pyeTcst TOPMOHAJIbHBIMHA CUTHAIBHBIMU MYTSIMH, BKIIOUas
xacMmoHaT (JKAK)-, atunen- u canumnar (CK)-curnansHsie
IyTH, YTO BEJET K U3MEHEHMIO SKCIIPECCUH TCHOB, CUHTE3Y
3aIUTHBIX OEJIKOB, Pa3lNYHBIX (PEPMEHTOB, U3MECHEHHIO
penokc-MeTabonu3Ma pacTeHHMH, MOBBIIICHUI0 aKTHBHOCTH
MEPOKCH/Ia3 B allOILIAcTe, YKPETIICHUIO KJIETOYHBIX CTEHOK
pactenuit u ap. (War et al., 2012). [opMOHaIbHBIC CUTHATB-
Hble IyTH He (QYHKIMOHUPYIOT HE3aBUCHUMO JIPYT OT JIpyTa,
HO 00pa3yIOT CIOKHYIO CETh B3aMMOJCHCTBHI, YTO UTPaeT
B)XHYIO POJIb B PETYIISILIMM TOHKUX MEXaHW3MOB 3aIIUTHBIX
peaknuii pactennii (Morkunas et al., 2011). [Tokaszano, 4to
3acejieHUe TIISIMU 3aIlycKaio B pacTeHusx kak JKAK-, tak u
CK-3aBucumeie 3amuTtHbie oTBeTHl (Morkunas et al., 2011,
Kerchev et al., 2012). K coxxajaeHn0, TOHKHE MEXaHHU3MbI
B3aUMOJICHCTBHS ATUX CUTHATIBHBIX ITyTEH IIPH OTBETE pacTe-
HUH Ha MOpaKEHHUE TIISIMU JI0 KOHIIA HE U3YYCHbI. AKTHBAIIUIO
KAK-3amuTHOrO MyTH HAOIIOAATN KaK Y BOCTIPUUMYHBBIX,
TaK U Yy YCTOWYHMBEIX pacTeHnH, a mHAykus CK-3ammrHOTO
Iy TH IPOUCXOIMIIA OBICTPEE U CHIIBHEE TOJIBKO Y YCTONYMBBIX
reHoturos (Morkunas et al., 2011).
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Bwmecre ¢ Tem OBLTO IIPOIEMOHCTPHPOBAHO, 9TO Kak JKAK-,
tak 1 CK-cUrHabHBIN IyTh BBI3bIBAJIM HAKOIUICHHE AKTHB-
HBIX popM kucaopona (ADK), B yacTHOCTH TIEpOKCHAA BOIIO-
pona (H,O,) B pactenusx, 3aceneHubix Tieit (Morkunas et al.,
2011). M3BectHo, uTo ADK SBISIOTCS IMIaBHBIM CUTHAJIOM
pacTeHust Ha CTPECCOBBIE (PAKTOPBI OKPYKAIOLIEH Cpesl,
a PEJOKC-CTaTyC pacTeHHs, 3aCEIEHHOTO TIeH, — OJUH M3
Ba)KHBIX [TOKa3areei ycronyuoctu copra (Morkunas et al.,
2011; Koch etal., 2016). OkucnuTensHBIN B3pHIB TIPH 3aceie-
HUH TIISIMHM CYMTAETCSl TUITMYHON peakiueld (hopMHUpoBaHUs
ycroiunBocTH pactenuii k Bpequrento (Koch et al., 2016).
[Toxa3zano BoBneuenne ADK B paHHWIA CUTHAIBHBINA OTBET U
perymsinuio 3amutHoro oreeTa kak no XKAK-, rak n no CK-
CUTHAJILHOMY ITyTH, HO MOJIEKYJISIPHBI MEXaHHU3M, JISKaIINit
B OCHOBE 3THX Iporeccos, HemsecTeH (Kerchev etal., 2012).

Henp HacTosimeld paboThl — OOHAPYKEHHUE CBSI3H MEXIY
PEAOKC-CTaTyCcoOM, II0Ka3aTeJIIMU YCTOMYMBOCTH PacTEHUN
MIIICHUITB! (AaHTHOMO30M 1 BRIHOCIMBOCTBIO) K BPEAUTEINIO U
nnaykuueit JKAK- u CK-curnanbHeIX myTell y npeacTaBuTe-
JIel Tpex BUIOB MILEHULbl, Triticum aestivum, T. monococcum
u T timopheevii, 3aceneHHBIX OOBIKHOBEHHOM 3JIAKOBOM TIEH
(Schizaphis graminum Rond.).

MaTepmanbl n metoabl
O0bexThI HecaenoBanusi. OOBIKHOBEHHYIO 3JIaKOBYIO TIIHO
(Schizaphis graminum Rond.) 1uist 3KCIIEpUMEHTOB Pa3MHO-
KAWL HA MOJIOJBIX MPOPOCTKAX MSTKOH SIPOBOM MIIEHHIIBI
(Triticum aestivum L.) copra CanaBar FOmnaeB, BbIpaIleHHBIX
B M30JIUPOBAHHBIX cOCynax ¢ mpoxkapenHoii npu 180 °C mou-
Bo# B ximMmarngeckoit kamepe KC-200 CITY (CmoneHnckuit
CKTB CI1Y, Poccust) ¢ 16-4acoBbIM CBETOBBIM EPHOJOM MPH
temreparype 20/24 °C (HOYb/n€Hb), HHTEHCUBHOCTH CBETa
146 Br/m? (mammer Osram L 36W/77). B okcriepuMenTax uc-
TIOJTE30BAJIM BOCIIPUUMYHNBBIN COPT MATKOH SIPOBOM MIIICHHU-
et 1. aestivum — Canasat FOnaes (CHO), a Taxoke ouH 00pa-
3ent 7. monococcum x-39471 n ogun obpazen 7. timopheevii
K-58666, n3 Becepoccuiickoro MHCTUTYTa TEHETUUYECKUX pe-
cypcos pactenuii um. H.W. Basunosa (Canxr-IlerepOypr).
Buoxummnyeckue napameTpsbl. {111 5KCIEPUMEHTOB TPEX-
CYTOUHBIE IPOPOCTKH MIICHUIBI, BBIPAIIEHHBIC B N30JIHPO-
BaHHBIX TUIACTUKOBBIX COCYy/lax Ha BOIHOU KynbType (10 %
pacTtBOp XormaHaa—ApHOHA) B yCIOBHSIX, ONIMCAHHBIX BBIIIE,
3acessu TISIMU. 11 3TOro OJMHAKOBOE KOJIMYECTBO TIICH
Pa3HBIX BO3PACTOB CTPAXHUBAIHU B KaXKABII COCY/] C pacTEeHH-
SIMH TaK, YTOOBI Harpy3Ka Ha OJJHO pacTeHne cocranmsiia 10
ocobeit et (Paguenxo, 2008). 3artem cocysl HAKPBIBAIN
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TUTACTHKOBBIMU M30JSITOPAMH, 3aTSHYTBIMHU TIOPUCTBIM He-
TKaHbIM MaTepuanoM. M3mepeHue reHepanuu MepoKcuaa
Bofopoza (H,0,) n axrusHocTs hepmenTa nepoxcuiasel (I10)
gepes 1, 3 u 10 cyT nocne 3aceneHus IpOPOCTKOB MIITEHUIIBI
S. graminum BBHITIONHSIIN, Kak onucaHo paHee (Becenosa n
Ip., 2016).

Tect Ha anTHOMO3. Ha TpexcyTouHbIe BCXO/BI MO U30-
JSITOPBI MOACAKUBAIIN JITYMHOK IIEPBOTO BO3PACTa U3 pacdeTa
omHa 0co0Ob Ha pacteHue. Yepe3 14 mHEH MOACUATHIBAIA
a0COJIIOTHOE KOJMYECTBO KMBBIX TIIEH, a TaK)Ke YUCIIO TO-
THOMMX B3pOCHBIX ocobeit u nmuumHOoK (Pamuenxo, 2008).
CMEpTHOCTB BBIPAXKAJIH B ITPOIIEHTAX OT OOIIEro KOJIMYeCTBa
mieil. KoadpuumeHT pasMHOKEHNST PACCUUTHIBAIN 110 (POp-
myne: K = (cpeHsst mIooBUTOCTh CAMKH 32 BPeMsI OTThITa)/
(HpO):[OJ'I)KI/ITeJ'IBHOCTL onbiTa B AHX) (Pamuenko, 2008).

TecT Ha BBIHOCJAMBOCTH pacTeHuii. B Bo3pacre Tpex
CYTOK M3MEpSUTH JUIMHY MPOPOCTKOB OT YPOBHS IJIOTHKA /10
KOHYMKa JINCTA, a 3aTeM KaxkJ0e pacteHue 3acemnsm 20 oec-
KPBUIBIMH CaMKaMH U W30JMpoBaii. [I0CTOSHHYIO YKCIIeH-
HOCTb TJIEH TOJAEPKUBAIN ITyTEM YAAJICHUS Yepe3 KaxKple
48 4 OTpOXXIAIONUIUXCS JINYMHOK B TCUCHHE JBYX HEICIb.
B koHIIe 3KCTIepHMEHTA TOBTOPHO U3MEPSUIN BHICOTY IIEPBOTO
Y BTOPOTO JINCTHEB PACTCHNUI, HE 3aCEJIEHHBIX U 3aCCIICHHBIX
TISAMH, U PE3yJIbTaThl CPABHUBAIN C NEPBOHAYAIBHBIM W3-
mepenueM (Paguenko, 2008). BeIHOCINBOCTE BhIpaxaiu B
BU/JIE IPOIIEHTOB HHIMONPOBAHHS POCTA JINCTA TI0 CPABHEHHIO
C HE3aCeJICHHBIM TJICH KOHTPOJIEM.

TpanckpunuuoHHasi aKTHBHOCTH T'eHOB. BriieieHne
totanbHOi PHK K3 KOHTpPOJIBHBIX M ONBITHBIX pAacTEHUM
MIICHAIB], 3a)MKCUPOBAHHBIX B JKUIKOM a30Te, 4epe3 3 U
10 cyT mocne 3aceneHus TAIMH, OCYIECTBIISIIN C TOMOIIBIO
pearenra Trizol, cormacHO POTOKOIY (HUPMBI-TIOCTABIITNKA
(Sigma, I'epmanwust). KoHneHTpannio HyKJIEHHOBBIX KHCIOT
u3mepsiin pu A260/A280 Ha cnextpodoromerpe Smart
Spec Plus (Bio-Rad, CIIIA). [Ins cunTesa k/IHK npoBoammu
pEaKIio 00paTHON TPAHCKPHUITLIUH C ToMOoIIbi0 M-MuLV 06-
parnoii Tpanckpuntassl (Cuntoin, Poccust). Ha ocnose k/IHK
BormonHsn [P ¢ mpaitmepamu, GpraHKHPYIOITIMA KOHCEP-
BaTUBHBIC YUaCTKU I'€HOB M3y4yaeMbix PR-0OenkoB, B aMIuim-
¢uxarope Tuna TTI4-ITHP-01-«Teprux» (AHK-Texunonorus,
Poccus). B pabote mpuMeHsH mpaitMeps! K TeHaM, KOTUPYTO-
mum PR1-6enoxk (7aPrl, AF384143) (Becenosa u ap., 2016),
uHruouTOopsI nporenHas (7aPl, EU293132.1), annonHyto rep-
okcnpnasy (TaPrx, TC151917), HAA®H-okcunasy (TaRboh,
HE674332) (Becenosa u np., 2019), pennnananna-amuak-
muazy (TaPAL, X99725) (Ding et al., 2011), nunokcernnasy
(TaLOX, BJ223744) (Diallo et al., 2014). JIis BeraucieHus
YPOBHS HOPMAJIM30BaHHOH 3KCIPECCHUH TEHOB UCTIONB30BAIIN
npaiMepbl K reHy KOHCTHTYTHBHO JKCIIPECCHPYIOMIETOCS
6enka narnouropa PHKa3 (RNase L inhibitor-like) (7aRLI,
AY059462) (Becenosa u ap., 2016). Ilpaiimepsl k 3TuM
reHam ObuTH o00pansl k 7. aestivum L. B npeaBapurtesb-
HBIX OITBITAaX C HCIIOJIb30BAHUEM JAHHBIX TPAHMEPOB IOITye-
HBI TOMOJIOTHYHBIE TeHbl Y 1. monococcum v 1. timopheevii.
N3BecTHO, 4TO y MpeAcTaBUTENeH MEPBUYHOTO (HAIpUMep,
T. monococcum, Ae. tauschii Coss., T. spelta L., T. compactum
Host., T. durum Desf., T. dicoccum (Schrank.) Schuebl.) u BTo0-
puunoro (7. timopheevii, T. araraticum Jakubz., Ae. speltoides
Tausch., Ae. sharonensis Eig, Ae. longissima Schw. et Musch.)
TreHO(OHIOB COAEPIKATCSI TCHOMBI ¢ BBICOKOW WJIM YacTH4-
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NHayumpoBaHHan yCTOMUMBOCTb MLUEHWL, 2019
K Schizaphis graminum Rond. 23.7
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Puc. 1. MNokasatenu cmepTHOCTU (a) 1 pasMHOXKeHUA (6) 0ObIKHOBEHHOW
3/1aKOBOW TK S. graminum Ha pa3HbiX BuAax NiieHuL.

1 = Triticum aestivum copt CanaBat tOnaes; 2 - obpaszel, T. timopheevii K-58666;
3 - obpaszel T. monococcum K-39471.

HOM romosioruei ¢ renomaMu A, B u D Msrkoi miieHMIbI
T aestivum (Chaudhary et al., 2014).

Crarnyeckas 00padorTka. Bee skcriepuMeHThI HOBTOPSIIN
TPH pasza ¥ NPOBOJAMIM B TPEX OMOJIOTMYECKHX M TpEeX aHa-
JUTHYECKUX TIOBTOPHOCTAX (o01miee 7 = 9), KpomMe TECTOB Ha
AQHTHOMO3 U BBIHOCIUBOCTB, I7I€ SKCTIEPUMEHTHI BKIIFOYAJIH HE
menee 10 Gronornueckux nosropos (obiee 7 = 30). Cpeaaue
apuQMeTHIECKNE 3HAUSHUSI U NX JOBEPHUTEIbHBIC HHTEPBAJIbI,
paccuuTaHHbBIE 110 CTAHJAPTHBIM OLIMOKaM, IPECTABICHBI
Ha puc. 1-4 u B Tabin. 1-2. JlocToBEpHOCTH pa3ininii Mex1y
BapUaHTaMH OIIbITA OIIEHHBAJIHU TI0 /-KpuTeprio CThIOAEHTA
IIPU AOBEPUTENBHOM YpoBHE p < 0.05.

Pesynbratbl

IToka3aresnn ToJIePAaHTHOCTH BH/AA WU copTa. ccienosa-
HO JIBa THIA YCTOMYMBOCTH PACTEHUH K TISIM — aHTUOHMO3 U
BBIHOCIIMBOCTH. TecT Ha aHTHOMO3 ITOKa3aJl, 4TO TIH, KOPMUB-
muecst Ha copte CHO, posBIISIIN HAMMEHBITYIO CMEPTHOCTD
W CaMblil BBICOKHMH KOA(QQHUIHMEHT pasMHOXeHus (puc. 1,
a, 6), T.€. 3TOT COPT ObUT BOCTIPUUMYHUB K OOBIKHOBEHHOU
31makoBoi Tiie. CMepTHOCTH TIel Ha oOpasue 7. timopheevii
K-58666 Obu1a IpuMepHO B 3—4 pa3za Bblie, a KOIPPUITHESHT
pa3sMHOXKEHUS — B 4—5 pa3 HIKE, 9eM Y TIeH, KOPMUBIIAXCS
Ha BOCIIPUUMYHBOM copTe (cM. puc. 1, a, 6). OqHako 60Ib-
IIIe BCEr0 Ha JKU3HECIOCOOHOCTh TJICH MOBJIUSII 00Opaselr
T monococcum x-39471, Tak KaK y 3aCeICHHBIX Ha HEM TJIeH
ObuTH OOHApYKEHBI camasi BHICOKAsi CMEPTHOCTb U CaMBbIi
HU3KUI ko3dduument pasmHoxenus (cm. puc. 1, a, 6).
T. monococcum x-39471 oxazancs caMbIM YCTOHYHBEIM Cpe-
JIV N3y9IEHHBIX 00pa3IioB.

B Hammx sKcriepuMeHTax yCTaHOBIICHA HU3Kasi BBIHOCIIH-
BocTh copra CIO mo oTHoOmeHHIO K S. graminum, IPOSIBUB-
I1asicst B CHIIbHOM HHI'MOMPOBaHUH POCTA |-T0 1 2-T0 JINCTHEB
(tabun. 1). O6paser 1. timopheevii k-58666 mokazai CpeaHIO0
BBIHOCIIMBOCTH K OOBIKHOBEHHOM 371aKOBOH TJTe (cM. Tab. 1).
HawubGornee TonepanTHbIM oKazaicst oopasen 7. monococcum
k-39471, Tak Kak 3aceieHue TISIMUA HE UHTHMOUPOBAJIO POCT
1-ro nucTa, TOpMOKEHHE POCTA 2-TO JHCTA OBLIIO0 MUHIMAJTh-
HBIM (cM. Ta0m. 1).
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Ta6bnuua 1. MokasaTeny BbIHOCIIMBOCTW PACTEHMNI NWEHWLbI
pa3Hbix BUAoB Triticum spp., 3aCeNeHHbIX 0ObIKHOBEHHO
3/1aKOBOW Tnew S. graminum

Bua nweHnubl NHrnbnposaHue pocta, %

1-ro nncta 2-ro nncTa
Titicum gestivum-CI0 25861 450%37
Ttimopheevii--58666  123+66  226+42
Tmonococcum--39471  01+24  76%28

Ta6nuua 2. BnaHne o6bIKHOBEHHO 31aKOBOW TK S. graminum
Ha cogepkaHue H,0, 1 akTMBHOCTb NepoKcmnaasbl

B INCTbAX TPEX BUAOB MieHnubl Triticum spp.

Ha pa3HbIX CTaANAX KOPMIIEHNA

BapuvaHT onbiTa

Bpems nocne 3aceneHus, cyt

Cto 304+0.7 29.0+04 30318
Clo+S.graminum 26110 258+06 28812
58666 296+04 314:08 28717
58666+, graminum  357+12  360£03  57.1%22

a
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0 3 10 0
Bpems nocne nHGULMpoBaHUs, CyT

Induced resistance of wheat
to Schizaphis graminum Rond.

Penoxc-craryc 3acejieHHBIX TJIel pacTeHui. 3aceneHue
BocripuuMunBoro copra CHO TisiMu IPUBOMIO K YMEHBIIIE-
Huro cozpepxanust H,O, Ha Ha9anbHBIX ATanax KOPMIICHHS —
HIepBbIE U TPEThH CyTKH (Tabi. 2). HanpoTus, y yCTOWYMBBIX
pacTenmii mmieHUNB! 1. timopheevii x-58666 o00Hapy)XeHO
noBelenue cozpepxanust H,O, Bo Bpemst paHHUX OTBETHBIX
peakiumii ocsie 3aceneHust Tier (CM. Tadu. 2). Y TojepaHTHOro
K S. graminum o6pasua T monococcum k-39471 nabmronanu
peskoe Hakorenue H,O, k 1-M cyTkam nocie 3acenenus Tien
u cHmkenue resepanun H,O, k 3-M cyTkam KopMIIeHHs (CM.
Tabm. 2). Ha 10-e cyTku mociie 3aceneHus el comepkaHue
H,0, ocraBanoch Ha ypoBHE KOHTPOJIBHBIX PACTCHHUI y BOC-
npuumynBoro copra CO u obpasua 7. timopheevii k-58666
U JIOCTAaTOYHO CHJIBHO CHIDKAJIOCH Y YCTOMUYMBOTO 0Opasia
T. monococcum x-39471 (cm. Tadmn. 2).

Bo Bpemsi paHHHX OTBETHBIX PEAKIHH MOCIe 3aceleHUs
Tieit (1-e—3-1 CyTKH) y YCTOHIUBBIX K S. graminum o0pa3ios
T. timopheevii k-58666 u T. monococcum k-39471 na done
noBbIeHHON reHepanun H,O, oOHapyKeHO yBequueHue
aktuBHOCTH IO (cMm. Tabmd. 2). Uepes 10 cyt moce 3acene-
HUs e akTUBHOCTH [1O y yCTOWYMBBIX T€HOTHUIIOB IPO-
JTOJDKaJIa MOBBIIIATLCS, 0COOEHHO y 00pasua 1. monococcum
k-39471 (cMm. Tabm. 2). HanpoTus, y BOCIPUUMYHBOTO COpTa
muennisl CHO kak B Ha9aIbHBIN TIEpHOJ KOPMIICHUS, TaK U
yepe3 10 cyT mociie 3acesieHust el Ha (poHE MOHMKEHHOTO
conepkanus H,O, He 00HApYKEHO YBENNYICHNS aKTHBHOCTH
IO (cm. Tabm. 2).

TpaHcKpUNIMOHHASI AKTUBHOCTDH T€HOB, CBSI3AHHBIX €
penokc-mMeTab01M3MoM. Bo BpeMst paHHHX OTBETHBIX Peak-
Uit mocre 3aceneHus e (3 cyr) conepxkanne MPHK rena
Rboh noBbImanock y ycToiuuBbix o0pasuos 1. timopheevii
K-58666 u T. monococcum x-39471, HO He yBENMYINBAIOCH
y BoctipunmunBoro copra CIO (puc. 2, a). Bo Bpems gonro-
CPOYHBIX OTBETHBIX peakiuii nocie 3acenenus ek (10 cyr),
HAIpPOTHUB, COAePKaHNE TPAHCKPHUITOB TeHa Rboh Bo3pacTa-
JI0 TONBKO y BocnpuumMunBoro copra CIO, a y ycToW4unBbIX
00pa3oB CHUXKAJIOCH IPUMEPHO B [1Ba pas3a (cM. puc. 2, a).
Conepxaane MPHK rena Prx y Bocpuumunsoro copta CHO

Triticum aestivum, copt Canasat lOnaes
*XK B O6pasey T. timopheevii k-58666
W O6paszeu T. monococcum k-39471

3 10
Bpems nocne nHuymnposaHus, cyt

Puc. 2. BnvisiHne 06bIKHOBEHHOW 3M1aKoBOW TIK S. graminum Ha copepxaHvie MPHK reHoB Rboh (a) v Prx (6) B IUCTbAX TPeX BUAOB

nweHnubl Triticum spp. Ha PasHbIX CTafUAX KOPMIEHWA.

3Be3,qqu|/| MOKa3bIBaKT CTaTUCTUYECKN AOCTOBEPHbIE OTNINYNA OT KOHTpOJ’IbHOI?I rpynnbl; pasHoe KONINYeCTBO 3Be3404EK — CTaTUCTUYECKN

[OCTOBEpPHbIe pa3nnuna mexay BapvaHtamv npu p < 0.05.

868

BaBunosckuii XypHan reHeTuku u cenekuyum / Vavilov Journal of Genetics and Breeding - 201923 - 7



C.I. Pymanues, C.B. Becenosa
I.®. bypxaHoBa, /.B. Makcumos

600

400

200

CopeprkaHne MPHK, %

3 10
Bpems nocne nnouymposaHus, cyt

2019
23.7

MHAYyLVpoBaHHan yCTOMYMBOCTD MILEHWL
K Schizaphis graminum Rond.

6
800 - Triticum aestivum, copt Canaat Onaes
%% Il O6paszey T. timopheevii k-58666
600 L B O6paszey T. monococcum k-39471

400

200

10
Bpems nocne nnouumposaHusa, cyt

Puic. 3. BnuaHne 06bIKHOBEHHOW 3M1aKoBOM Tn S. graminum Ha cofep>kaHvie MPHK reHos LOX (a) v Pl (6) B nnCTbsAX Tpex BMAOB
nweHwuubl Triticum spp. Ha Pa3HbIX CTaANAX KOPMIEHNA.
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Puc. 4. BnuaHve oObIKHOBEHHOW 31aKoBOW Tnn S. graminum Ha copeprkaHue MPHK reHos Pr1 (a) n PAL (6) B nnCTbAX Tpex BUAOB

nweHuybl Triticum SPP. Ha pa3HbIX CTagnAX KOpMNeHuA.

0603HaueHNA CM. Ha puc. 2.

MOBBIIIAJIOCH HE3HAUUTENIbHO, a Y obOpasua 1. timopheevii
K-58666 CHIDKAIOCh B TEUEHHE BCETO IKCIEPUMEHTA (CM.
puc. 2, 6). Y obpasua 7. monococcum x-39471 obHapyxe-
HO 3HaunTenbHoe yBenndenne MPHK rena Prx: uepes 3 cyT
Tocie 3aceneHus el — B 8 pas, a uepes 10 ¢yt — B Tpu pasza
(cMm. puc. 2, 0).

TpanckpunHOHHAs AKTHBHOCTH T'€HOB, PeryJHPY-
eMbIX 2JKAK-3aBHCHMBIM CHTHAJILHBIM KACKaA0M. Y BOC-
npuuManBoro copra CHO moBeIeHne comepkaHust TpaHc-
kpuntoB renos LOX, PI, perynupyembix JKAK-curaanasHeiM
KackaJoM, HaOIroqamm Kak uepes 3 cyt, Tak u uepe3 10 cyT
mocJie 3aceleHus e (puc. 3, a, 6). Y ycTtoiunBoro odpasmna
T. timopheevii k-58666 TPaHCKPUITLIUS N3yYCHHBIX TEHOB HE
TIOBBIIIANACH, a K 1 0-M CyT maxke cHIKamach (CM. puc. 3, a, 6).
¥ ycroitunBoro obpasua 7. monococcum x-39471 obHapyxeHO
3HaunTensHoe nosbienne MPHK renos XXAK-curnansHoro
mytu (LOX, PI) yxe gepe3 3 cyT mociie 3acelieHus TJIel: TeHa
LOX —B 2.5 pa3a, rena P/ — B 6.4 paza (puc. 3, a, 6). Uepes
10 cyt uHduUIMpOBaHUs y JTAaHHOTO 00pa3iia 0OHAPYKEHO
3HAYUTEIBHOE HAKOTIIICHHE TPAHCKPHUIITOB TOJIBKO TeHa LOX —
B 3.7 paza (puc. 3, a).

YCTONYNBOCTb PACTEHUI K BUOTUYECKMM GAKTOPAM / RESISTANCE OF PLANTS TO BIOTIC FACTORS

TpaHCKpUNIIIHOHHAS AKTHBHOCTH I'€HOB, peryJHupy-
eMbIX CK-3aBHCHMBIM CHTHAJIBLHBIM KacKaJoM. Y BOC-
npuuMunBoro copra CHO nBykpaTHOe HAKOIICHHE TpPaHC-
KpUNTOB TeHa Prl/ oOHapykeHo Tonbko depe3 10 cyT moce
3acenenust e (puc. 4, a). Y ycroitunBoro obpasua 7. fi-
mopheevii x-58666 Tpanckpunius riapaoro rena CK-cur-
HaJIbHOTO IyTH HECKOJIBKO CHMKAJIACh B TEUEHUE BCETO 3KC-
nepuMmenTa (cM. puc. 4, a). Hanpotus, y ycroitunBoro oopasia
T. monococcum x-39471, IpOsIBUBIIETO HAUOOJIBIITYFO BHIHOC-
JIMBOCTH, 00HAPYKEHO 3HAUUTENbHOE 20-KpaTHOE TIOBBIIICHHE
MPHK rena Prl yxe yepe3 3 cyT mociie 3acesieHus TIeH (cM.
puc. 4, a). Xapakrep u3MeHEHUs COJIepKaHusl TPAHCKPHUIITOB
rera PAL y BocnpunmauBoro copta CIO u ycToitunBoro 06-
pasua 7. timopheevii k-58666 ObIIT ONMHAKOBBIM: TIOBBIIICHNE
conepxanust MPHK na 20-50 % Ha 3-u cytku uHUIMPO-
BaHUS U MOYTH TPEXKPAaTHOE yBEINUECHHE TPAHCKPUIITOB
yepe3 10 cyT kopmienus e (cM. puc. 4, 0). Y ycTOHIMBOTO
obpasua 7. monococcum k-39471 oOHapyKeHO HEOONIBIIOE
MOBBIIICHUE TPAHCKPUMIUK H3ydeHHoro reHa Ha 20-30 %
10 CPAaBHEHUIO C HE3aCEJIICHHBIM KOHTPOJIEM B TEUCHHUE BCETO
JKCIEPUMEHTA (CM. puc. 4, 0).
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O6cyxpaeHue

[Tpn n3ydyenun MexaHu3MOB ()OPMHUPOBAHHS YCTOWYNBOCTH
pacTeHni K HACEKOMBIM, MUTAIOIIUMCS (DIIOIMHBIM COKOM,
B)XHO pa3iInyarh OBICTPBIC OTBETHI, OOHAPYKUBAIOIIUECS
y pacTeHui B TeYCHUE MEPBBIX MSTH JHEH, ¥ JOITOCPOYHBIC
OTBETBHI, TPOSIBIISIOIINECS TTOCIIE ACCATH THEH 3aCeNeHHs Bpe-
mutenem (Koch et al., 2016). BeicTpble 0TBETH yCTOWYIHBBIX
pacTeHuil xapakTepusyrorcs ycuneHueM reHepanuu AOK u
akTHBaIMeil 0azanpHOro MMMyHHTeTa. [Ipu 3TOM 3aruTHas
poJib noBbILIeHHOM reHepaunu ADQK B pacTeHUsAX B OTBET HA
3acelIeHNe TISIMH 3aKJIF0YaeTCsl KaK B MX CUTHAJIBHOM (DyHK-
LUK, 3aIlycKamllel cucreMHyto ycrtoitunBocth (Morkunas
et al.,, 2011), Tak ¥ B PSIMOM MOBPEXKIAIOMIEM JCHCTBUU
BbICOKMX KoHueHTpauuid H,O, na Tied, npusoasiem K
MOJIaBJIeHUIO BhIkMBaeMocT Bpeautens (Morkunas et al.,
2011; War et al., 2012; Koch et al., 2016). [Ipu monrocpod-
HBIX OTBETaX MHIYLNPOBAHHBIC PAHHUM OTBETOM 3all[UTHBHIC
CHCTEMBI PaCTeHHUS 3aITyCKal0T cucTemy netokcukanuu ADOK
u BoccraHoBieHus pocra (Koch et al., 2016).

Hammu pesynbsrarsl noxasanu, uto 7. monococcum k-39471
ObUT CaMbIM YCTOWYHMBBIM CPEU U3yYEHHBIX 00pa3loB K
OOBIKHOBEHHOM 371aKOBOH TIe S. graminum. ITO COBIAACT C
JTAaHHBIMH JINTEPATYPbI O PE3UCTEHTHOCTH MHOTOUNCIICHHBIX
obpasuoB 7. monococcum K pazubiM Bujam e (Pamguenko,
2012). O6pazen 7. timopheevii k-58666 obnanan cpemHei
YCTOWYMBOCTBIO K BpenuTeo. B mnreparype nmerorcst npo-
TUBOPEUMBBIE CBEJICHHSI O TIPOSIBIICHUSIX ATOTO IOKA3aTEIsl y
nreHut] Buna 7. timopheevii K pa3IMYHBIM BHIAM 3JIAKOBBIX
TJICH, OJJHAKO B OCHOBHOM DTOT BHJI IILICHHUI] TIPOSIBIISIET pe-
3UCTEHTHOCTD K BPEIMTEIIO U ¢1a00 3acemnsiercs TisaMu (Paa-
4yeHko, 2012).

V ycroituuBbix 00pasios 7. timopheevii k-58666 u T. mo-
nococcum x-39471 oOHapyXeHBI TIOBBIIICHUE TEHEPAITNU
H,O, Bo BpeMs paHHHX OTBETHBIX PEAKIIMI OCIIe 3ace/IeH s
BpEAMTENIeM ¥ CHIKEHHE JIaHHOTO ITOKa3aTeslsl Ha MO3HEM
JTarne 3aceneHus Tiaen (Tadu. 2), 4To IPUBOJUIO K BBICOKOH
CMEpPTHOCTH TeH (cM. puc. 1) U 10CTaTO9HO OOINBIION BEI-
HOCJIMBOCTU pacTeHHH (cM. Tabm. 1). Y BOCIPUHUMUYHUBBIX
pactrenuii nmenuisl copra CHO Habmroganu momaBieHue
OKHCITUTETIHHOT'O B3pbIBA BO BPEMsI PAHHHX OTBETHBIX PEAKIINI
TI0CJIe 3aCENCHHsI BPEAUTEIEM U OTCYTCTBHE CHIDKECHUSI CO-
nepsxanus H,O, Bo Bpems 10JITOCPOUHBIX OTBETHBIX PEaKIMii
MoCIIe 3acelieHusl Taei (cM. Tabim. 2), 9To 00yCIIOBIUBAJIO
BBICOKYIO IIJIOZIOBUTOCTH HACEKOMOTO (CM. pHcC. 1) 1 HU3KOH
BBIHOCJIMBOCTH pacTeHuit (cMm. Tabin. 1). Tak, Ha pacTeHHIX
STAMCEHS, KOJIOHW3UPOBAHHBIX STAMEHHOW Tiied Diuraphis
noxia, 1 Ha PacTCHUSIX apaOHJIOICHCA, 3aCEICHHBIX TIEPCHU-
KOBOH Tiet Myzus persicae, OKUCIUTEIbHBIN B3PBIB OBLIT
00OHapy’KEeH TOJIBKO y YCTOHUYMBBIX, @ HE Y BOCHPHUUMUHUBBIX
topm pacrenwii (Lei, Zhu-Salzman, 2015).

Ioseimenne renepanun H,O, y ycToluuBEIX (OpM me-
HUIBI B HAIIMX 9KCIIEPUMEHTAaxX, CKOpee BCero, ooecreynBa-
JIOCh 3a CYET YBEIMUYCHUSI TPAHCKPUIIIMOHHON aKTHBHOCTH
reHoB Rboh n Prx (cM. puc. 2), 4To ObLIO TOKa3aHO paHee Ha
IIpUMepe MaTOCUCTEMBbl NIeHUIa—Staganospora nodorum
(Becenora u ap., 2018). Kpome T0Oro, ¢ MOMOIIBIO MYTaHT-
HBIX pacTeHHil apabujorncuca, JUMIICHHBIX TeHa RbohD,
6puT0 TOKa3ano, uro HAJIOH-okcnaasza urpana KIroueByro
ponb B reHepanuu ADOK npu noBpexxaeHNN pacTeHUH TIsIMU
(Kerchev et al., 2012).
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OKHUCIIUTENBHBIN B3PBIB WHAYLMPYET UMMYHHBIH OTBET
pactenus, ogHaxo u3nuIIHee KonndectBo ADK marndnpyer
(hoTOCHHTE3, TOPMO3HT POCTOBBIE TPOLIECCHI X MOXKET ITPUBEC-
TH K [IOBPEXK/ICHUSIM B KJIETKE, TIO3TOMY Y TOJIEPAHTHBIX pacTe-
HUH 3aImyckaeTcs Mexannu3M aetokcukanun ADOK, B koropom
Yy4acTBYIOT aHTHOKCHIaHTHBIE (pepMeHTHI, Takue Kak [10 u np.
(Koch et al., 2016). B Hammx sKcriepuMEHTax y yCTOWYHUBBIX
00pasnoB 7. timopheevii xk-58666 u T. monococcum x-39471
akTHBHOCTH [1O Havyana MoBHIMIATECS yXKE BO BPEMsI pAaHHUX
OTBETHBIX PeaKIMii Mocje 3aceeHus TIel, Ha ()OHE TOBbI-
meHHoro conepxkanus H,O,, ¥ npojoikana noBblIIaThCsA
BO BPEMsI JIOJITOCPOYHBIX OTBETHBIX PEakUui (cM. Tadi. 2).
OTu pe3ynsTarsl MOIyT roBOpPUTE 0 BoBineuenuu H,O, u I10
B CHHTE3 TOKCUYHBIX ()eHOIBHBIX COCTMHEHUI U PEOpraHu-
3aIMIO KJIETOYHBIX CTEHOK PACTECHHH 3a CYET JIMTHU(PHUKAINY,
YTO MOXKET OBITH NPUYMHON CHIDKESHUSI )KU3HECTIOCOOHOCTH
Bpemutens (Morkunas et al., 2011; War et al., 2012; Koch et
al., 2016), xoTopoe OBIJIO BBISIBIEHO y YCTOWYNBBIX 00pa31oB
B HAIIIMX 3KCIEepuMeHTax (cM. puc. 1). Y BocnpuuMYHBOrO
copta CHO He o6Hapy)eHo moBsIIIeHNs akTUBHOCTH 110 Kax
IIPY PaHHUX OTBETHBIX PEaKIUsX, TAK U BO BPEMs JOJITOCPOU-
HBIX OTBETHBIX PEAKIIUH MOCIIC 3acelieHus el (cM. Taoi. 2).

Takum 00pazoM, aKTHBAIUS TEPOKCHIA3 MOXKET UTPATh
PEIIAIONIYIO POJIb B PA3BUTUH YCTOHYNBOCTH PACTEHHH K TISIM
3a cyeT IeToKcuKaiuu oombinx konnuects AOK (War et al.,
2012; Koch et al., 2016). Kpome Toro, monexyna H,O, npu
3aIIUTEe PACTCHUH OT TJICH BBINOIHACT TAKXKe CHTHAIBHYIO
(DYHKIHIO, aKTHUBUPYS U PErYJIUPYs TOPMOHAIIbHBIE CUTHAJIb-
HBIE Iy TH IPH Pa3BUTHH CUCTEMHOH ycToitunBocTH (Kerchev
et al., 2012). IlepBuunbM (hakTOpOM, HHAYIHPYIOLUINM 3a-
LIUTHBIA OTBET PACTEHUI HA 3aCEIICHUE TISIMM, CUUTACTCS
MexXaHH4IeCcKoe mopaHenne, Bkimodatomniee JKAK-3apncumyio
AKTHMBAIMIO HHTHOWTOPOB NPOTEHHA3 U JIMNOKcUrenas (Mor-
kunas et al.,2011). 3aTtem pacTeHre OTBEYACT HA XUMUYECKHE
JIETEpPMUHAHTBI, COJIEPIKAIIINECS B CITIOHE TIIEH, U HHIYLIUPYET
3aIIUTHBIN OTBET, CXOXKHI C peakiuel pacTeHni Ha OnoTpod-
Hble uTonaTorexsl, npu 3ToM 3amnyckaercs CK-3aBucnumblii
curHaNbHBIH Kackan (Morkunas et al., 2011). U3 u3y4deHHbBIX
B HaIlle pabOTe TEHOB 3alIUTHBIX OCIKOB reHbl Prl u PAL
nHaynupoBaiuchk CK-3aBHCHMBIM CHUTHAJIBHBIM KaCKaJIoM
(Van Loon et al., 2006). Hy>H0 oT™MeTHTB, 4TO TeH Rboh Tak-
ke perynupoBaiics CK-3aBHCUMBIM CHTHAIBHBIM KacKaJJ0M
(Kerchev et al., 2012). I'erst PI u LOX 3amyckanuch JKAK-
3aBUCUMBIM CUTHAITLHBIM KackanoM (Van Loon et al., 2006).
I'en Prx, xonupytomuii annonnyto 10, 3amyckancs u npu
dhopmupoannu JKAK- 1 CK-3aBUCHMBIX 3aIIUTHBIX PEAKIHIA
(Van Loon et al., 2006).

B namteii pabore y ycroituuoro obpasua 7. timopheevii
K-58666 Kak Ha paHHEM, TaK 1 Ha [T03/IHEM 3Tarle KOPMIICHUS
MTOBHIIIATIOCH COIEP’KaHIE TPAHCKPHUIITOB TeHOB Rhoh 1 PAL,
perynupyembix Toibko CK-3aBHCHMBIM CHTHAIBHBIM ITyTEM
(cM. puc. 2, a, 3, 6), Ha Pone nopbiueHHol renepanuu H,0O,
BO BPEMs1 PAHHUX OTBETHBIX PEAKIIHI U BBICOKOH aKTHBHOCTH
ITO (cm. Tabmn. 2). DT pe3yabTaThl MPEIoaraloT BOBIIE-
yeHue (epMeHTa (peHUIIAIAaHMH-aMMHaK-T1a3bl (TeH PAL),
OCHOBHOTO (hepMeHTa (PEHMITITPOTAHONTHOTO Iy TH, B CHHTE3
JUTHUHA U (CHONBHBIX coenuHeHni, B ToM uncie CK. Cre-
JIyeT OTMETHTb, YTO JINTHU(PHKAIHS KIETOUYHBIX CTEHOK pac-
TEHUI OCYIIECTBISIETCSI TOJIBKO ITPY aKTHUBALIMH AlIOIIACTHBIX
nepokcuas Ha (oHe Bricokoro coaep:xkanus H,O, (Herrero
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et al., 2013). ITomumo stor0, 3anyck CK-curnanbHoOro myTy,
BEPOSATHO, SIBIISIETCS] COBMECTHBIM MEXaHU3MOM aHTHOMO03a 1
OTITyTUBaHMS TIEH Y ycTOHUnBBIX (hopM pacternuii (Morkunas
etal., 2011).

VY ycroitanBoro obpasma 1. monococcum x-39471 yxe Bo
BpEeMsl PaHHHUX OTBETHBIX PEAKIMH MMOCIe 3aceleHns TIeH
3HAYUTENbHO yBenuuuBanach koHueHtpanus MPHK Bcex
M3yYeHHBIX TeHOB, perymupyembix kak CK-, tak n KAK-
3aBHCHMBIM CUTHAJIBHBIM KackaaoM (cM. puc. 2—4). Bo Bpems
JIOJITOCPOYHBIX OTBETHBIX PEAKLUU TOCIE 3aceleHus Tiel
coziepKaHKe TPAHCKPHUIITOB HEKOTOPBIX TEHOB YMEHBIIAIOCH,
onnako konuenrpauus MPHK rena LOX npopomxkana mo-
BbIIIAThCs (CM. puc. 2—4). Hanbonee BaxHas QyHKIMs Ju-
IIOKCUI'€HAa3 B 3alIUTE PACTEHUI OT BPEAUTENEH — OKHCIIEHUE
JIMHOJIEHOBOM KHUCIIOTHI ¢ ocieaytomum cuate3oM JKAK u
aktuBarpei padotel JKAK-curHanbHON CHCTEMBI, YTO TPUBO-
JIUT K CHHTE3y HHTHONTOPOB TpoTeas M (pepMEeHTOB CHHTE3a
JWTHKHA, CyOeprHa M KyTHHA, a TaKKe TeHEPALNH JIETYyIHX
OpraHUYECKUX COCAUHECHUM, NEHCTBYIOIUX HA HACEKOMBIX
kak peremieHTsl (Wasternack, Strnad, 2018). Maruburopst
MPOTENHA3 CBA3BIBAIOTCSI C IUIIECBAPUTEIEHBIMI ()epMEHTaMHU
B KHIIEYHHUKE HACEKOMBIX U MHTUOUPYIOT UX aKTUBHOCTb,
TEM CaMbIM YMEHBIIas NepeBapuBaHue Oclka, MPUBOAS K
HEXBaTKe aMUHOKHCIIOT, ME/UICHHOMY Pa3BUTHIO U TOJOIY
HacekombIx (War et al., 2018). OnHako UMEHHO WHIYKLMSI
reroB CK-3aBucumoro curnansHoro mytH (Prl, PAL, Rboh n
Prx) obecrieunBaa OKHCINTEIBHBIHN B3PBIB BO BPeMsI pAaHHUX
OTBETHBIX PEAKUUHI IIOCJIE 3aCEeCHUsl TIEH, 3aIllyCKaroLui
KacKa/l TIOCJIETyOIINX 3al[UTHBIX OTBETOB PACTEHUI IIPOTHB
Tieit. CKopee BCero, 3T0 MPOUCXOANIIO 32 CYET HAITPABJICHHOTO
CHI)KEHUSI aKTMBHOCTH KaTajia3bl BCiiecTBHE cBs3biBaHms CK
C KaTaya3oi U MHruoupoBaHus ee akTuBHOCTH (Mohase, van
der Westhuizen, 2002). M3BecTHO, 4TO HEKOTOPBIE BUIBI TIICH
MOBBILIAIOT aKTHBHOCTB 3TOT0 ()epMEHTA JJIsl yMEHBIICHUSI
OKHCITUTEIBHOTO B3pbIBa M O0CCIIEUEHUS] OIaronpusTHBIX
ycroBHiA Ut cBoeH xm3HeaesrenpHoCTH (Lei, Zhu-Salzman,
2015). Kpome Toro, panee Hamu ObLIO [TOKA3aHO, YTO BBICOKOE
conepxanne H,O, y ycroituuseix obpasuos 7. timopheevii
K-58666 1 T. monococcum x-39471 obecnednBagoch, B TOM
qucIe 3a CUeT MOHIKEHHOI aKTUBHOCTH Kartanasbl (PymsH-
1eB u ap., 2018).

¥ BocnipurmunBoro copra CHO Bo BpeMst paHHHX OTBETHBIX
peaKIuii Mociie 3aceeHus e Ha (HOHE MOHMKSHHOTO CO-
nepxanus H,O, He 0OHapy»KeHO KaKoro-an00 3HaYUTETLHOTO
MOBBILICHUSI COJICPKAHNS TPAHCKPHUIITOB T'€HOB, pETYIIUpye-
MbIx CK-3aBHCHMBIM CUTHAJILHBIM KaCKaI0M, KpOME HeOOJIb-
mroro noseimeHus cogepskanust MPHK rena PAL (cwm. puc. 2,
3). OmHako OOHAPYKEHO TOBBIIICHHE COACPIKAHHS TPaHC-
kpuntoB renoB LOX u PI, perynupyembix JKAK-curaanbHeIM
KackaJioM (cM. puc. 4), 9T0, CKOpee BCET0, OTPaXKaJI0 PEaKIINI0
pactenus Ha mospexenue (Morkunas et al., 2011). Bo Bpemst
JIOJITOCPOYHBIX OTBETHBIX PEAKIIMI MOCIIE 3aceIeHus TIeH y
BOCTIPHIMYHUBOTO COpTa aKTUBUPOBAIUCH T'eHbI Kak JKAK-,
tak 1 CK-CHUrHaJIBHOTO IyTH, OTHAKO OTCYTCTBHE OKHCIH-
TENBHOTO B3pBIBA, MO-BUIUMOMY, HE MO3BOJIMIO 3aIyCTHTh
KacKa/| 3alIUTHBIX PEaKIni.

3aknuyeHue
Takum 00pa3om, HHAYKINS OKHCIUTETFHOTO B3pHIBA Y YCTOM-
YUBBIX (DOPM TIICHMIBI MTPOMCXOMIIA Onaroaps 3amycKy

YCTONYNBOCTb PACTEHUI K BUOTUYECKMM GAKTOPAM / RESISTANCE OF PLANTS TO BIOTIC FACTORS

2019
23.7

MHAYyLVpoBaHHan yCTOMYMBOCTD MILEHWL
K Schizaphis graminum Rond.

CK-cursnajiapHOro myTH, YTO MMEJO peIIaroliee 3HaueHue B
JlanbHEHIIeM Kacka/ie XMMUYECKUX pPeaKknnii, BeIyImuX K pas-
BUTHUIO YCTOMYMBOCTH. HemManoBaxHbIM B pa3BUTHH 3alllUT-
HBIX PEAKIII 1 B3aUMOAEHCTBUY FOPMOHATIBHBIX CUTHAJIBHBIX
cucreM CK n JKAK oxazasncs BpemeHHO# paxrop. MHIYKIHS
tonbko JKAK-curnansHoro mytu He 00ycliaBinBalia pa3BUTHE
ycToifunBocTH, Torna kak 3amyck CK-3ammrtHOro myTH OT-
nenbHO min BMecTe ¢ JKAK-curaanbHbIM KackagoM IPUBO-
JJT K Pa3BUTHIO YCTOHUMBOCTH y 00pas3noB 1. timopheevii
K-58666 u I. monococcum x-39471 coOTBETCTBEHHO.
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OHOoMuTHbIe 6aKkTepuu Bacillus spp. ¢ PHKa3HOI aKTMBHOCTbBIO
11 YCTOMYMBOCTh KapTodess K BUpycam

[.®. Bypxanosa®, A.B. Copoxanb, E.A. Uepenanosa, E.P. Capsaposa, P.M. Xaitpyaans, /1.B. Makcumos

VIHCTUTYT 6UOXMMWN U FeHeTUKN — 060COBNIEHHOE CTPYKTYpHOE nogpasgaeneHne YUMcKoro GeaepanbHOro MccnefoBaTenibckoro LeHTpa
Poccuiickoi akapemun Hayk, Yéda, Poccua
® e-mail: guzel_mur@mail.ru

BupycHble 3a6oneBaHNA eXXerofHo Bbi3blBalOT CYLLECTBEHHbIE NOTEPY YPOXKAA U 3aMETHO CHIXKAIOT KauecTBO NPOAYKLMY,
B TOM UMC/e BaXKHENLLEN CeNIbCKOX03ANCTBEHHOW KynbTypbl — KapTodena. AHTVBMPYCHbIX NpenapaToB A1A pacTeHNeBOS-
CTBa, KOTOpble 6binn 6bl 6e30MacHbl ANA YENOBEKA M XKUBOTHBIX, HE CYLLECTBYET, 1 B 3TVX YC/IOBUAX NePCneKTVBHbIM MeTo-
[OM 3aLLMTbl PACTEHWNIA ABMAETCA NCMOMb30BaHKe G1OMNPenapaToB Ha OCHOBE SHAOPUTHBIX MUKPOOPraHN3MOB, MPOoayLn-
pytownx PHKa3sbl. B paboTe npoaHann3npoBaHa CNocobHOCTb psAaa sHAOGUTHBIX WTammoB Bacillus spp. npoayurpoBatb
PHKa3bl 1 BAMATb Ha NOpPa)KeHHOCTb pacTeHnin BMpPYcoM M, WMPOKO pacnpoCcTpaHeHHbIM B cpefHeln nonoce Poccuu, n
YPOXKaNHOCTb paHHECNEeNoro copTa KapTodens Yaada B nonesbix ycnosusax. O6Hapy»KeHo, uTo 06paboTKa WTamMmmamm 6ak-
Tepui B. subtilis 26[1 n B. thuringiensis cHxana cteneHb MHGULMPOBAHHOCTM pacTeHUin BUpYycom M ¢ 60 % B KOHTposie O
18-30 % Ha yuyacTkax, 06paboTaHHbIX MMKPOOPraHM3Mamuy. AHaNOrMYHbIM 06Pa30M CHU3WCA MHAEKC Pa3BUTUA BUPYCHOW
nHbeKuun: ¢ 14 % B KoHTpone Ao 1-7 % y MHOKYNMPOBaHHbIX pacTeHunii. Kpome Toro, 6aktepuu ¢ Bbicokon PHKasHo
aKTMBHOCTbIO BbI3blBany NpubaBKy ypoxkasa Kaptodensa go 40 %. MpeanonaraeTcs, UTo nsyyeHHble 6akTepum CroCco6HbI
He TOJSIbKO MOBbIWATb POCT M YPOXKanHOCTb KapTodens, Ho 1, bnaropgapa ceoelt PHKa3HoM akTMBHOCTY, NOAaBNATb pac-
npocTpaHeHve Bupyca M. [lanbHelilee n3yyeHvne MONEKYNAPHbIX MEXaHU3MOB, CBA3AHHbIX C UHAYKUMEN SHAOPUTHBIMU
6aKTePMAMY 3aLUMTHbBIX PeaKLMi pacTeHNI B OTBET Ha BUPYCHble MHGEKLMW, NPUBELET K TyULeMy MOHVMaHNo GUTONMMY-
HUTeTa pacteHnin. bonee Toro, aHROPUTHbIE WTammbl Bacillus spp. ¢ Bbicoko PHKa3HoM akTMBHOCTbIO MOTYT CTaTb OCHOBOW
ans buonpenapaToB KOMMIEKCHOW 3aLWKTbl pacTEHWIA.

KnioueBble cnoBa: 6akTtepuu; PHKa3bl; Bupychl; Kaptodens.

Ana yntuposaHua: bypxaHosa I®., CopokaHb A.B., YepenaHosa E.A., Capsaposa E.P., XanipynnuH P.M., Makcumos W.B.
SHpoduTHbIe 6akTepum Bacillus spp. c PHKa3HOWM akTMBHOCTbIO 1 YCTONUMBOCTb KapTodena K Bupycam. BaBnnosckuia xypHan
reHeTUKn 1 cenekymmn. 2019;23(7):873-878. DOI 10.18699/V)19.561

Endophytic Bacillus bacteria with RNase activity in the resistance
of potato plants to viruses

G.E Burkhanova®, A.V. Sorokan, E.A. Cherepanova, E.R. Sarvarova, R.M. Khairullin, L.V. Maksimov

Institute of Biochemistry and Genetics — Subdivision of the Ufa Federal Research Centre, RAS, Ufa, Russia
® e-mail: guzel_mur@mail.ru

BBepeHune

Viral diseases annually cause significant crop losses and significantly reduce the quality of products, including potatoes,
some of the most important crops. Currently, viruses cannot be controlled with chemical pesticides, since known antiviral
compounds are teratogenic and hazardous to people’s health. Biocontrol agents based on endophytic microorganisms
may be an alternative to them. Many strains of Bacillus produce ribonucleases (RNases). Our laboratory possesses a collec-
tion of bacteria that produce various metabolites and have RNase activity. The results showed that the inoculation of potato
with B. subtilis 26D and B. thuringiensis increased the grain yield by 32-43 %. In addition, the treatment of potato plants with
Bacillus spp. significantly reduced the infection of potato plants with virus M. The prevalence of the disease in potato plants
was significantly reduced from 60 % in the control to 18 % (B. subtillis 26D) and 25-33 % (B. thuringiensis) in the inoculated
plants. Similarly, the infection index decreased from 14 in the control to 1 in the inoculated plants. The further study of
molecular mechanisms related to bacterial induction of plant defense reactions in response to viral infections will lead to
a better understanding of stress resistance problems. The endophytic microorganisms studied in this report may become
the basis for the creation of biological agents for plant protection.

Key words: ribonuclease; phytopathogenic RNA-viruses; Solanum tuberosum.

For citation: Burkhanova G.F, Sorokan A.V., Cherepanova E.A,, Sarvarova E.R., Khairullin R.M., Maksimov |.V. Endophytic
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sum), cBsi3aHbI ¢ BUpycamu. VzBectHo 6onee 40 BUIOB BH-

CymecTBeHHble noTepu ypoxas (10 30 %) u 3aMETHOE CHU-  pyCOB, KOTOPbIE 3apaKatoT KapTo(esib, MHOTOKPATHO YMEHb-
JKEHUE Ka4eCTBa NPOAYKLIUH OIHOM M3 BaXXHEHIIMX NPOAO-  IIast IPOLYKTUBHOCTH U yXy/IIIasi TOBapHbIE CBOMCTBA KIIyO-
BOJILCTBEHHBIX KYIBTYp B MUpe, KapTobens (Solanum tubero-  Heii, 4T0 ONMUCHIBAETCS TEPMUHOM «BBIPOKIEHHE COPTa»
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(Makarova et al., 2017). B uuciie riaBHbIX MarucTpaibHbBIX
myTeit 60pbOBI ¢ BUPYCHOW MH(EKIINEH 0CTAeTCs CEeKINs
Ha BUPYCOyCTOHUMBOCTH. OJJHAKO HCTOYHUKOB T€HOB HMMY-
HUTETa K BAXXHBIM BUpyCaM C JOMHWHAHTHBIM MOHOTI'CHHBIM
THTIOM HacliefioBaHus He Tak MHoro (Nicaise, 2017). Meto-
Jaecky 0osee 3 QEKTUBHBIMHU B 3THX YCIOBHUIX OKAa3aJIHCh
TEXHOJIOI'MU PEAAKTUPOBAHUA T'€HOMOB C HMCIIOJIb30BAHUEM
cuctem CRISPR/Cas9 (Romay, Bragard, 2017) u Tpanc-
TEHO3a, KOT/Ia B TEHOM XO3SHCTBEHHO IIEHHOTO COpPTa ITyTeM
FCHETHYECKON TpaHChOpMaIiy BBOASITCS OIpPEICICHHBIC
rensl (Prins et al., 2008), Hanpumep, KOAUPYIOIINE CHHTE3
MOTEHIMAIHO aHTUBUPYCHBIX OenkoB (MHTep(depoHa, pu-
OoHykieas), OEJNKOB, TOKCUYHBIX Ui HacekoMbIX (Cry u
Vip u3 6akrepun B. thuringiensis, ”HTHONTOPHI IPOTEHNHA3),
i 6enkoB camoro Bupyca (Cramescku, UinpuaCcKast, 2009;
Chung et al., 2013).

HecmoTps Ha mOCTaTOYHBIN 00BEM MPAKTUYECKUX pas-
paboTOK MpernaparoB JUIs 3alUTHl pACTEHUH OT OoJIe3HEeH Ha
OCHOBE PU30C(EPHBIX U IHAOPHUTHBIX MTAMMOB OaKTCPHIA,
B Hay4HOH JIMTEpAType Majio CBEACHUH O MPOSIBICHUH UMU
AQHTUBUPYCHOI aKTUBHOCTH, MX BIMSHUM Ha paclpocTpaHe-
HHUE U HAKOIJICHUE BHUPYCOB B PACTUTCIIBHBIX TKAaHAX. buo-
IIU/IHAS aKTUBHOCTH OakTepuil pona Bacillus, mpunaBaemas
UM CIeMU(UICCKUMI WHCEKTUITUIHBIME OemkamMu (OerKu
Cry u Vip u3 B. thuringiensis), 6aKTepHOIIMHAMA U JIUIIO-
nentugamu (Rodriguez et al., 2018), mpeamonaraet, 9to oHK
CTIIOCOOHBI OTTOCPEIOBAHHO 3alHIIATh PACTEHUS OT BUPYCOB,
BO3/ICHCTBYs Ha UX IIEPEHOCYUKOB, K KOTOPBIM OTHOCSTCS OaK-
Tepun ((puTomaToreHHsIe), MpocTeIne, TPHOBI, HEMATOIBI
n Hacekomble-(hutodaru. COOTBETCTBEHHO, MCIIOIb30BAHUE
OuonpenaparoB-QyHIHIUJI0B ¥ MHCEKTHIIMIOB HA OCHOBE
Gaxrepwii uis1 GOpBOBI ¢ (hUTOMATOTEHAMH M BPEAUTEISIMHU
JIOJDKHO TTOMOYb U B CHIDKEHUH YPOBHS Pa3MHOXKCHUS BUDPY-
COB B PACTCHUSAX. Baxno OTMETUTD, YTO B HACTOANICEC BPEMA
Hanboee MEepPCIeKTUBHBIM CUUTAETCS MOUCK YHIO(UTHBIX
MHUKPOOPTaHU3MOB, KOTOpBIE, 00MTAast BO BHYTPEHHUX TKaHAX
pacTeHuil, MEHEE II0IBEPKEHBI BIIMSHUIO OKPY>KAOLEH Cpeibl
1 B OOJNBIICH CTETIEHH WHTETPUPOBAHBI B META0OIN3M pac-
TEHHH, YeM MUKPOOPTaHNU3MBI pH30- U Gprimtochepsl.

Muorue BuIbI pona Bacillus IposBISIIOT CBOWCTBA 9HIIO0-
¢utHOCTH (Burkhanova et al., 2017) u mpomynmpyroT pepmeH-
TBI ¢ puboHyKeaszHol aktuBHOCThIO (Ulyanova et al., 2016;
Ilinskaya et al., 2018). Tax, 73 % BbIZEJICHHBIX U3 PACTCHUIT
cemeiictBa Cucurbitaceae m3omatoB Bacillus mpoxynupoBaiu
nykieasbl (Khalaf, Raizada, 2018). Cuntes cekpeTupyeMbIx
(hepmenToB, Butouasi PHKa3zel, koTopbie yyacTByoT B MOOU-
mm3aun pocdaTos U3 OPraHUIECKNX COSANHEHUMH, IBISIETCS
OJIHUM M3 CTIOCOOO0B a/lanTanuy 0akTepHii K I3MEHSIOIMCS
YCII0BUAM O6l/ITaHI/ISI. B Huskmx KOHOCHTpAIlUAX OHU CTU-
MYJUPYIOT POCT U YCTOMYMBOCTh PACTEHMM M MUKpPOOpPra-
HHU3MOB K CTpeccaMm, a B BRICOKHX — 00J1a/1al0T IPOTHBOBUPYC-
HOW aKTUBHOCTEIO, pa3pymias BupycHsle PHK. MuxpoOHble
PHKa3bl — 5T0 moTeHUHMallbHBIE TEPANEBTUYECKUE ATEHTHI,
MIPEATIOKEHHBIC /TSl Tepallii BUPYCHBIX 3a00JeBaHuil de-
noeka (Mahmud et al., 2017). B cBsi3u ¢ 3TUM BBIsIBIICHHE
OHMONOTNYeCKUX CBOMCTB YHAODHUTHBIX OakTepuii Bacillus spp.
AKTyaJIbHO JUTs CO3/IaHusI OMOTIPEnapaToB ¢ KOMIUICKCHOH (aH-
TUBUPYCHOM, IMMYHHU3UPYIOLIEH U POCT-CTUMYIUPYIOLIEH)
AKTHBHOCTBIO ISl SKOJIOTHYECKN Oe30MacHOM 3aluThl pac-
TeHHH KapTodes oT Ooe3HeH U BpeguTesei.
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Ienpro nanHo# padotrsl ObuTa olieHka PHKa3Ho# akTuB-
HOCTH psAa IITaMMOB SHTO(GUTHBIX OaKTepHil U3 KOJUIEKLIUH
naboparopur OMOXMMHUKM HIMMYHHUTETa pacTeHuid MHCcTHTYTa
ouoxumun u renetuku (MBIY) YOUI] (http:/ibg.anrb.ru/wp-
content/uploads/2019/04/Katalog-endofit.doc) 1 ux BusAHUSA
Ha YCTOMYMBOCTbH KapTo(delsss paHHECHEeNoro copra Yuaya K
(uronaroreHHBIM BUpycaM (BUpYCY Kaprodeins M) B nose-
BBIX YCJIOBHSX U YPOXKaHHOCTB.

MaTtepwuanbl n metogbl

[Tpu mpoBeneHNN IKCIIEPUMEHTOB HCIIOIb30BaHbI IITAMMBbI
Oaxrepuii B. subtilis 261, B. thuringiensis var. thuringiensis
(B-5689), B. thuringiensis var. kurstaki (B-5351), nto6e3H0
npenocraBienHsle aus uccnenosanuii OOO HBII «bammma-
xom». M3onsatel B. subtilis Stl-7, B. subtilis Stk-18, B. subtilis
Stk-22 BbIJeIEHBI U3 MOBEPXHOCTHO CTEPUIM30BAaHHBIX
TKaHE! JIUCThEB KapTo(ess pa3InuHbIX COPTOB, MIPOHU3pac-
TaOIUX Ha Tepputopuu MrmHckoro paiiona PecmyOmmku
bamkoprocran. Bee mrammel 0akTepuii HASHTH(OULIMPOBAHEI
Ha OCHOBAHUY CEKBEHHPOBAHMUS HyKJIEOTHIHOH TOCIIe10Ba-
tenpHOCTH 16S PHK. baktepuu kynstuBrposanu Ha cpene LB
B repmocrare ES-20 (Biosan, JlarBust) npu 25-27 °C. B akc-
MEPUMEHTAX T10 OIIEHKE 3HAOPHUTHOCTH U BIUSHUA OaKTepuit
Ha aHTHBUPYCHYIO aKTUBHOCTH M YPOXKaHHOCTH KapToQes
UCIIOJIb30BAIIU CYTOYHBIE KYJIBTYPBI.

Konn4ecTBEHHYIO OLIEHKY BHEKJIETOUHOI aKTHBHOCTH
PHKa3 B cpezie KynbTHBUPOBaHUS OaKTEPUI ONIPEIEIISIIN CO-
miacHo Metonuke (Hole et al., 2004). JI7st 3TOr0 mTaMMbl BbI-
pamuBanu Ha cpene LB ¢ mo6asnennem apoxokeBorr PHK
(6 /m) (Sigma, CIIA) npu 30 °C. Yepes 48 4 KynbTHBH-
poBanus yamiku Ilerpu ¢ BbIpalleHHBIMU Ha MOBEPXHOCTH
MUTATEIbHON Cpe/lbl KOJIOHMSAMH OakTepuil 3amuBaiyd 3 Mo
1 M XJIOpHOW KHUCIIOTHI U BBIAEPKUBAJIM B TE€UEHHE 5 MUH
s ocaxaenust PHK. Ilpu orcyrcreun PHKa3 cpena kysb-
TUBHPOBAHMS CTAHOBHUIIACH MOJIOUHO-0EIOM, a PN HAINYNHT
(hepmenTa BOKpyr OakTepHanbHOW KOJMOHHMH (opmMupoBa-
Jock mpo3padHoe rano. Buekierounyio PHKa3snyro aktus-
HOCTb OLICHUBAJIN, H3MEPSIsl PACCTOSHHUE OT Kpasi KOJIOHUH /10
COOTBETCTBYIOLIEH JIMHUH. KOJM4ecTBEHHYIO0 OIIEHKY BHEKJIe-
touHoit PHKa3HOW akTHBHOCTH MPOBOAMUIU B KYJIBTYpasib-
HOM OaKkTepraIbHOM (IIIBTPATE C NCTIONB30BAHNEM CIIEKTPO-
¢oromerpa UNICO 2800 (CILA) npu mumnae BosHb! 260 HM
o metonuke (Maprynuc u ap., 2012). Ckopocts pepmenTa-
TUBHOM peaKkINH OIICHUBAJIN [0 TAHTCHCY YIJIa HAKIJIOHA MTPsI-
MOJIMHEHHOTO BOCXOJISIIIIETO yYacTKa KPHBOH 3aBUCHMOCTH
CBETOIOIVIOIIEHHSI OT BPEMEHH U BBIPAXKAJIHM B YBEIHMUYCHUH
nornoneHus 3a | muH Ha 1 Mr Genka.

Jast onpenenennst SH10(GUTHOCTH OAKTEPHH NCTIONB30BAITN
MPOOUPOYHBIC CTEPUIIbHBIC pacTeHus kaprodesst (Solanum
tuberosum L.) copra Yaada, KylIbTHBHpPYEMbIE B TEUEHHUE
25 cyt npu 16-uacoBoil ocBemeHHOCTH 12—-16 ThIC. JIIOKC
(mamner Osram L 36W/77, T'epmanusi) B KimMarokamepe
KC200 (Cmomenckoe CKTE CITY, Poccust) Ha arapr3oBaHHON
cpene Mypacure—Cxkyra. Pactenus xaprodens HHOKYIHPO-
BaJIM DKCHEPUMEHTAJIBHBIMU IITAMMaMU MHUKPOOPIaHH3MOB
COTTIACHO METOJMKE, MPECTaBIeHHON B padoTte (Maksimov
etal., 2015). OuenuBamu 3HI0GUTHOCTB ITyTEM OIIPEIACTICHIUS
grcia kosionreoopasyromux enuuuil (KOE) mukpoopranms-
MOB B ITOBEPXHOCTHO CTEPHJIN30BAHHBIX TKAHSIX PACTCHUH
yepe3 7 AHEH mocie MHOKYISMU. [t 3TOro HaBECKH I0-
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BEPXHOCTHO-CTEPHIIN30BAHHOTO PACTUTEIBLHOTO Marepraja
TOMOT€HU3UPOBAJIM B CTEPHIIbHBIX CTYIKAX. 3aTeM HX aJIMKBO-
THI pacIpeesIN 10 TOBEPXHOCTU KapTO(ETbHO-TITIOKO3HOTO
arapa J1o mosHoro Bbickixanus. Yamku [Terpn nakyOnpoBau
npu temrneparype 28 °C B repmocrare TC-1/20 CITY (Cmo-
nenckoe CKTB CITY) B teuenne 24 4. IToncuer KOE 6ak-
TEpUil TPON3BOAMIN BO BTOPOM U TPETHEM pa3BEICHUH, X
KOJTMYECTBO MEPECYUTHIBAIM Ha | T CHIPOI MacChl pacTEHUH.
IToneBbie Mccnen0BaHMS BBITOIHSIINCH HA OMBITHBIX I10-
1s1x Y prumcKoro deepabHOTo NCCIeI0BaTebCKOT0 IIEHTpa
(bupckas onpiTHas cTanus, 55°24'27" ¢.ur., 55°36'39" B. 1.).
[ToaroToBka MOYBHI M TEXHOIOTUS BRIPAIINBAHNS KapTO(es
OOIIeNPUHATBIE ISl peroHa. PacTeHust U3y4aeMoro paHHe-
criesioro copra Yaaua, KyJbTHBHPYEMOIO Ha yKa3aHHOH Tep-
PHUTOPHUH, BEICAXXCHBI B TPEX MOBTOPHOCTSX, 110 30 pacTeHmid
B KaXJOH. B aKcriepuMeHTe HMCIOIb30BaHbl TPH BapHaHTa
00paboTKK JIByXHENEIbHBIX BCXOJIOB KapTodess CycrieH-
3ueit O6axrepuit B. subtilis 261, B. thuringiensis B-5689,
B. thuringiensis B-5351 B otnensnoctu (100 mu/pactenue,
10° KIETOK/MIT), a TaKXKe KOHTPOJIbHAs 06paboTKa — ONphIC-
KnBaHNe BO10H. ONIPBICKWBaHNE TIOBTOPSUTH ITOCIIE IIBETCHUS
TakuM ke oOpasom. Ha Hanmmune BUpYcOB pacTeHHUs ole-
HUBAJH C UCIIOJIb30BAHUEM HMMYHO-XpOMarorpagpuyeckux
HaOOpOB UISI DKCIIPECCHOTO OMpeaeIeHus] BUPycoB X, Y,
S, M u Bupyca ckpyuuBanus auctbeB kaprodens (BCIIK)
no meroauke pupmbr OO0 «Arpo/luarnocruka» (Mocksa).
deHoNMoOrNIEecKNe HAOMIONEHNS W AMAarHOCTHKY BUPYCOB
OCYIIECTBIISIIIM BU3yaJIbHO JIO [IBETEHUSI PACTEHHH, COTJIACHO
(Metonuka..., 1995). JlanHble M0 ypoxaitHOCTH 00paboTa-
HbI METOZIOM JUCIEPCUOHHOrO aHaiusa 1o b.A. JlocrexoBy
(1985). DxcnepuMEeHTbI IPOBOMIM B TPEX OMOIOIMYECKUX
MOBTOPHOCTSIX. CTaTUCTUYECKUIl aHaJU3 BBIIIOJIHEH C UC-
M0JIb30BAHUEM CTAaHAAPTHBIX MATEMAaTHYECKUX METO/IOB B
KOMITBIOTepHOM nporpamme Microsoft Excel.

Pesynbratbl

CKpHMHUHT KOJUICKIIMOHHBIX IITAMMOB M H30JIITOB OaKTepuii
u3 jaboparopuu OMOXUMHUKM UMMyHHUTETa pacteHuid BT
YOUIL PAH noxkazan Hanmmuwe y Hux PHKa3Hoit aktnBHOCTH.
PHKas3Hast akTHBHOCTB OblIa OLICHEHA METOIOM U3MEPEHUS
HIMPUHBI PA3BUTHS TAJIO U CIIEKTpodoTOMeTpHrYecKH (Tadi. 1,
CM. PHCYHOK). My IITaMMaMH U U30JIATaMH, B3ITHIMU Ha
aHain3, HaOJIIOAJIMCH OTIPEACIICHHBIC PA3IIMYHs B M3MECHECHUHT
mMpuHbI rajo (cM. Tadi. 1). C o1HOM CTOPOHBI, BCE UCIIOJIb-
30BaHHBIC B IKCIIEPUMEHTE IITaMMBI OakTepuii pona Bacillus
obnananm PHKa3Ho# akTHBHOCTBIO, TPH 3TOM MaKCUMAaJIbHO
BBICOKasl aKTHBHOCTh OTMEUEHA y mu3ouisita B. subtilis Stl-7,
a MUHAMAaJIbHAs — y mramma B. thuringiensis var. kurstaki
B-5351. BmecTte ¢ TeM BbIIEIEHHBIE U3 KULIIEYHUKA KOJIOPa/-
CKOTO )KyKa U30JIATHI, TaKue Kak Enterobacter spp., uieHTH-
(huIIpoBaHHBIE paHEee ¢ WCIONB30BAaHUEM CHEIH()UICCKIX
npaiiMepoB, He umenu BHekneTouHbslx PHKa3 mpu tex xe
YCIIOBUSIX BbIpaliuBaHus (cM. Tadm. 1).

Hawnbonemas akrnBHOCcTs PHKa3 Habnromanace y 6axrepuii
mTaMMoB B. thuringiensis var. kurstaki B-6066, B. subtilis
Stl-7, B. subtilis 26]1 u B. thuringiensis var. thuringiensis
B-5689, uTo moaTBepKIaeT MPUMEHIMOCTD METO/Ia Tallo IS
CKPUHHMHTOBBIX HCCJICIOBAaHHH (CM. pHCYHOK). JleficTBUTENb-
HO, B padote (Hole et al., 2004) noka3zana rnpsiMast KOppeJIsiLust
MEKIY TUaMETPOM TaJlo BOKPYT OaKTepuasbHON KOJOHUN U
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SHpoduTHbIe 6akTepun Bacillus spp. ¢ PHKa3Hom
AKTVBHOCTBIO U YCTOMYMBOCTb KapTodens K Brpycam

Ta6nuua 1. PHKasHaa akTMBHOCTb KONEKLNOHHbIX LUTAMMOB
1 N30NATOB

LLtammbl, n3onATbI lano, Mm
Bsubt,/,526n45 ............................
B Summs 5 t|_7 ............................................................ 6 5 ............................
B Subtms 5 tk-18 ......................................................... 3 0 ............................
BsubtlI,SStk_2245 ............................
B thuringiensis var. kurstakiB-6066 40
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Bs.26]] B.t.5689 B.t.6066 B.t.5351 B.s.Stl-7 B.s. Stk-18 B.s. Stk-22

PHKa3Has aktmBHOCTb wTammoB Bacillus spp.
dunbTpate.

B Ky/bTypasbHOM

kounenTparueit PHKas3sl, a Taoke Bpemenem ananmsa. Cie-
JIOBAaTEJILHO, MBI ITOATBEPANIIN, UTO 110 Pa3Mepy rajio MOKHO
cyauth 00 aktuBHOocTH PHKa3, cuHTe3MpyeMbIX pa3InyHbIMU
mTaMMaM# OaKTepHH.

rammer B. subtilis 26]1, B. thuringiensis var. kurstaki
B-5351 u B. thuringiensis var. thuringiensis B-5689 6buin
OIICHEHBI Ha SHAOGUTHOCTH (Tabm. 2). bakrepun B. subti-
lis 261 u B. thuringiensis var. kurstaki B-5351 obnapy»xwusa-
JIMCh B TKaHSX PACTCHUH KapTo(elisi B KOJINYECTBE MOPsIIKa
105 KOE/r ceipoii maccsl. Bakrepuii ramma B. thuringiensis
var. thuringiensis B-5689 B TKkaHsX pacTeHHH OBUIO MEHb-
1€, UX KOJMYECTBO cocTaBuio He Oosnee 103 KOE/r cuipoii
Maccel. TakuM 00pa3oM, IpOaHATU3UPOBAHHBIE ITAMMBI
B. subtilis 261 u B. thuringiensis var. kurstaki B-5351 o6na-
Jiay OosblIeH CrIoCOOHOCTHIO KOJIOHU3UPOBATh BHY TPEHHUE
TKaHU paCTEHHUI B CPaBHEHUH CO IITAMMOM B. thuringiensis
var. thuringiensis B-5689.

BepositHO, mpuMeHeHe OakTepuii, 001aar0NuX, C OHOM
cTOpoHBbI, BbIcOKOM PHKa3HO# akTMBHOCTHIO, & C Ipyroil —
CHOCOOHOCTHIO 3((PEKTHBHO KOJIOHM3UPOBATh TKAHU pacTe-
HUH, MOXKET CIIOCOOCTBOBATh CHHIKEHHIO CTEIIEHH Pa3BUTHSI
BHPYCOB Ha mocajkax kaprodens. Jiasg gokazarenbcTsa
9TOTO TPEIOJIOKEHHS TaMMbI 0aktepuii B. subtilis 261,
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Tabnuua 2. OueHka cogepxaHusa KOE 6akTepuii pofa Bacillus BO BHYTPeHHMX TKaHAX pacTeHUI KapTodena
1 X BAVAHME Ha MOPaXKeHHOCTb KapTodens copTa Yaaua Bupycom M 1 ero ypoxxalnHoCTb

Moka3atenb

KoHnTtponb (H,0)

B. subtilis 261

B. thuringiensis

CpepnHee pa3BuTre Bupyca M, 14 1
% NOopakeHHbIX NMNCTbEB Ha pacTeHne

B. thuringiensis var. kurstaki B-5351 u B. thuringiensis
var. thuringiensis B-5689 ObuIn UCTIBITaHBI B MOJIEBBIX yC-
JIOBUSIX Ha Tocaikax kaproderns copra Yaaya.

[IpenBapuTenbHas orieHKa pacTeHui kaproders copra Yia-
4a Ha Hajnmuue BUpycoB X, Y, S 1 M u Bupyca CKpy4YHBaHHUS
JIMCTHEB KapTO(eist ¢ CMOJIb30BAaHUEM HMMYHO-XpOMaTorpa-
¢uueckux HabopoB Gupmbl OOO «ArponMarHoOCTHKa I10-
Ka3ajia BEICOKMH YpOBEHb MHQHUIMPOBAHHOCTH BUpycoM M
(cM. Tabm. 2). B mosieBBIX yCroBUsAX HAa KOHTPOJIBHBIX JICJISTH-
kax moutu 60 % pacrenuit kaprodens copra Ymaua ObuH
3apakeHsl BUpycoM M. OrieHKa CTeNeHN Pa3BUTHS OOIC3HU
nokasaina 1o 14 % BU3yalbHO ITPOSIBISIEMBIX CHMIITOMOB.

B Tex ke ycroBusix 00paboTKa pacTeHuit kKapToderis IKcre-
PUMEHTAIBHBIMH IITAMMAMH OAKTEPHIl 3aMETHO CHIKAJA KaK
CTEIEHb TOPAKEHNUS, TaK M TPOSIBIICHUE BUPYCHOI HH(EKINH.
HanmeHsbliiee komu4ecTBO pacTeHUM ¢ CUMIITOMaMH BUPYCHO-
ro 3a0oneBaHns HAOMIOAAIOCh Ha JENITHKAX, 00paOOTaHHBIX
B. subtilis 26]1. O6pabotka kaprodess mraMMoM OakTepun
B. thuringiensis var. thuringiensis B-5689 (¢ Hu3K0#i 3H10-
¢uTHOCTEIO 1 BEICOKOH PHKa3H0# akTHBHOCTBIO ) IBYKPATHO
CHIDKaJIa YUCIIO PAacTeHui ¢ cuMrTomMamu. [TopaxeHHOCTH
JIUCTHEB HAa OTHOM pacTeHuu He npesbimana | %. [Ipumene-
Hue mramma Oaxrepun B. thuringiensis var. kurstaki B-5351
(c Huskoit PHKa3HO# akTHBHOCTBIO M BEICOKOW 3HIO(PHUTHO-
CTBI0) MPEISTCTBOBAJIO PACIPOCTPAHEHHUIO BUPYCOB. O/IHAKO
MOPAXEHHOCTh PACTEHHUH B JAHHOM BapHaHTE OblIa BBIIIE,
4eM IpHu 00paboTKe ITaMMaMHU C BBICOKOW aKTHBHOCTBIO
BHEKJIETOYHOTO (hepMeHTa. BeposiTHO, B TIOCIeAHEM CiIydae
pacmipocTpaHeHue HH(MEKINN ObITO CBA3aHO C WHCEKTHIINI-
HBIM 3¢ dexrom B. thuringiensis var. kurstaki B-5351 (Co-
poKaHs u ap., 2018).

Baxxno, 9T0 00pabotka Oaxrepusmu B. subtilis 26]] u
B. thuringiensis var. thuringiensis B-5689 3naunTtenbHO
yBEJIUYMBAJIa YPOXKANHOCTD KapTOQess, 9T0 MOTIIO OBITh
00yCIIOBIIEHO KaK WX HMPOTHBOBHPYCHOM aKTHMBHOCTBIO, TaK
n poct-crumynupytomum >ddexrom. Ipu rcnonap3oBannn
B. thuringiensis var. kurstaki B-5351 npu0aBka ypoxast ObLia
MEHee 3HaUUTeNbHON U cocTaBmia 12 % oT KOHTpOJIS.

O6cyxpeHue

W3BecTHO, 4TO MHOTHE OaKTepHH, B OCOOCHHOCTH M3 pona
Bacillus, 06mamaoT MHUPOKUM CIIEKTPOM (EpMEHTOB C
PHKa3HO# akTHBHOCTBIO, 8 TAKXKE HYKJICa3 U APYTUX OCIIKOB,
oreuarommx 3a PHK-unTepdepenmuio (Aguiar-Pulido et
al., 2016). Hanpumep, 6akrepun B. amyloliquefaciens, B. in-
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termedius v B. licheniformis MoryT BeIpaOaThiBaTh BHEKJIC-
TOYHBIE pHOOHYKIIea3bl, Ha3BaHHBIC OapHa3aMu, OMHA3aMHA U
6amdazamu coorBerctBenHo (Ulyanova et al., 2011, 2016).
YcranoBineHo, uto B. cereus ZH14 mponyunpyeT HOBBIH THIT
IIPOTHBOBHUPYCHON PUOOHYKIIEa3bl, KOTOPAst CEKPETHPYETCSI B
Cpe/ly M aKTHBHA ITPOTUB BHpYyca TabauHoll Mo3anku (Zhou,
Niu, 2009). IIpencraBurenu pona Bacillus, x koTopoMy npH-
HAJUIEeXKAaT Yallle BCEro HMCIHOIb3yeMblE B 3aIUTE PACTCHUH
mramMMel B. subtilis w B. thuringiensis, Takxe CEKpeTUPYIOT
(hepMeHTBI, TIPOSBISIONINE aHTUBUPYCHBIE H aHTHPAKOBBIC
cpoiicta (Ulyanova et al., 2011). bruto mokazano, 4To BBe-
nenune rena 6akrepuanasHoid PHKa3bl B reHoM pacteHuit Ky-
Kypy3bl (Zhang et al., 2001) u stamenst (Cao et al., 2013) no-
JABIISIIO Pa3BUTHE BUPYCHOH mH(pekunu. BepostHo, ¢ 3THM
CBsi3aHa HerocpeacTBeHHas criocodnocts PHKa3 u3 Pseudo-
monas putida A3 paspyuiath 4acTHIIBI BUpyca TabaqyHOU
Mo3anku (BTM) B Teuenme 30 MuH B cOKe W3 MHMUIMPO-
BaHHBIX JINCTHEB Tabaka (Guo et al., 2011; Yang et al., 2012).
CormacHO HalllUM JIaHHBIM, IITaMMbI ¢ Beicokoii PHKa3Ho#
AKTUBHOCTBIO i71 Vifro CyIIeCTBEHHO CHIKAJIH HHTEHCUBHOCTD
Pa3BHUTHsI CUMIITOMOB BHpyca M Ha pacTeHHsIX KapTodems
copra Y/aua B MOJICBBIX YCJIOBUSIX B CPAaBHEHHH CO [ITAMMaMH
¢ Hu3koil PHKa3HOM akTUBHOCTBIO.

MHOroKpaTHOE YMEHBIICHHE CTEIIEHN MOPaKeHUs pac-
TEHUH CBEKJIbI BUPYCOM HEKPOTHUYECKOTO TIOKEITCHHS KH-
nok (BNYVV) BeusiBneHo nocie ux obpabotku Gaxrepuent
B. amylolequifaciens, 9To KOppenMpOBaAIO C YMEHBIICHHEM
YHCICHHOCTH Ipuda Polymyxa betae n 3Kcripeccueit pacTu-
TEJTFHBIX TeHOB 3aIUTHBIX 0enkoB (PR-8, NPR-1) (Desoignies
et al., 2013). O6napy»xeHno, uro w30t B. subtilis BS3A25 n
€ro KyJIBTYpaJIbHbIH (PUIIBTPAT CICPKUBAIOT Pa3BUTHE BUPYCa
MO3aMKH OTyplia Ha TOMaTax [IOCPECTBOM YTHETEHHUS Tiepe-
HOCYHMKA 3TOTO 3a00ieBaHusl — 0ax4eBoi Tu Aphis gossipi
(Sudhakar et al., 2011).

[Tockonbky OONBIIMHCTBO (PUTOBUPYCOB B Ka4eCTBE WH-
(exnronnoro Havyana conepxar PHK, naTepec npencras-
JSIeT co3/aHue OMONpenapaToB Ha OCHOBE PU30C(EpHBIX U
SHAOUTHBIX OakTepHii ¢ Beicokoit PHKa3HOM akTHBHOCTHIO
i ke rpyoboro mpenapara camoit PHKa3er murs 3amurst
pacrenuit ot BupycHoit undexnun (Sharipova et al., 2015),
a TaKXKe CO3aHNe TeHHO-MOAN(DHUINPOBAHHBIX PACTEHHUH C
BHEJIPEHHBIM B HUX reHoM Hykeas (Trifonova et al., 2018).
W3BecTHO, uTO HEKOTOpBIE (hepMEHTHI-HYKIIea3bl 00IaaaloT
MIPOTUBOBUPYCHOH aKTUBHOCTBIO, M BEICOKAsl yCTOHYHUBOCTD
K [TaToreHaM HaOJIoaeTcs B TPAHCTEHHBIX PACTEHHSIX KapTo-

BaBunosckuii XypHan reHeTuku u cenekuyum / Vavilov Journal of Genetics and Breeding - 201923 - 7



I.®. BypxaHoBa, A.B. CopokaHb, E.A. YepenaHoBa
E.P. CapBapoBa, P.M. XanpynnuH, /.B. Makcumos

(hest, FKCIIPECCUPYIOIINX, HATIPUMED, OaKTepHaIbHYIO HYK-
neasy Serratia marcescens (Trifonova et al., 2018).

Vcnonp3oBaHHbIe B Hamed padoOTe MITaMMBbI MPOSBIISIIN
TaKKe HHCEKTULUAHBINA 3P (EKT NPOTUB KOJIOPACKOTO KyKa
(Copoxanp u np., 2018) u 3makooit T (Veselova et al.,
2019), xoTopast CIy>KUT IIEPEHOCYNKOM BUPYCHBIX 3a0071eBa-
HUH ¥ Ha 10110 KOoTopoit mpuxoautcs 10 20 % u3 Bcex BUIOB
TIeH, mopaxaromux kaptodens (Exarepuackas u ap., 2016).
OOHapy»eHo, 4TO caMH OakTepHaibHble OapHA3bI, TOMHMO
CrocoOHOCTH (POPMHUPOBATH 3ALIUTY OT BUPYCHOM HH(EKIINH,
MOTYT y4acTBOBATh B 3aIl[UTE PACTEHHUH OT IPyTUX OoJIe3HEH,
Harpumep tabaka ot GpuTodhTOpo3a, YTO JOKA3aHO HA TPAHC-
TeHHBIX PacTeHUsX, Npoayuupytomux 6apuaszy (Natsoulis,
Boeke, 1991). ITo marasmv X.X. Anu ¢ coaBropamu (2010),
B030yauTeNh (HUTOPTOPO3a COXPAHSAET U PACIIPOCTPAHSIET C
MOMOIIBI0 CBOMX 300cII0p BUpyc Kaprodesst X. Panee Hamu
OBLTO TIOKa3aHo, uTo B. subtilis 26]1 >(deKTHBHO CHHUKACT
MOPaKeHHOCTh pacTeHnit rpudom Phytophthora infestans
(Maksimov et al., 2015), uTo Takxe MOXET CIIOCOOCTBOBAThH
CHIDKCHHIO PacIpOCTPAaHEHHOCTH BHPYCOB. BaxHO oTMme-
THUTb, 9TO JUIS 3()(PEKTUBHOTO TOJIABJICHUSI BUPYCHBIX 3a00-
JIeBaHUH HEOOXOAMMO MOCTOSHHOE MPUCYTCTBUE MPOTHUBO-
BUPYCHBIX COEIMHEHUH HEMOCPEICTBEHHO B TKAHSIX pacTe-
HUMH, 9TO JIenaeT SH10()UTHBIE MUKPOOPTAHU3MBI, POy U~
pytoimne PHKas3bl, nepcrekTMBHBIMU areHTaMyu OMOKOHTPO-
JIs1 BUPYCOB. DTH JJaHHBIE XOPOIIO COMIACYIOTCS C OTHUM U3
TIO/IXO/I0B B 3aIIMTE PACTEHUH OT BUPYCHON HH(PEKINH ITyTEM
UCIIOJIb30BaHus 9HN0(UTHBIX Oakrepuit Bacillus spp., «ycu-
nenHbix» PHKa300, B kauecTBe 0CHOBBI IIPOTUBOBUPYCHBIX
MPEnapaToB JUIsl 3aIUThI pacTeHu. OJJHAKO TaHHBIX O MPHU-
MEHEHHMH TaKOro IMOJXOJia IPU CO3/IaHHK OMOIIpenaparoB C
KOMIIJIEKCOM 3aIUTHBIX CBOWCTB B HAyUHBIX IyOIMKAIHAX
HE BCTPEYacTCsl.

3aknioyeHune

HWcxonst M3 MOMyYeHHBIX HAMHU JIAHHBIX, MO’KHO CKa3aTh, YTO
MCIIOJIb30BaHKE OHOIpEnaparoB Ha OCHOBE OaKkTepuil poma
Bacillus cHmxaeT ecTeCTBEHHBIN BUPYCHBIN NMH(EKITMOHHBIH
(hoH, KOTOPBII 3aBUCHT OT FHTO(UTHOCTH IITAMMOB H CII0OCO0-
HocTH OakTepuii mpoayunposars BHekIeTounsie PHKaszb1. Co-
OTBETCTBEHHO, 3aIIIUTA PACTEHUH IPH TOMOIIN SHAO0(DUTHBIX
Gakrepuii pona Bacillus, nponynentos PHKa3, moxer urpars
Ba)KHYIO POJIb B [IPEJIOTBPALLIEHUH pacipocTpaneHus puToBu-
PycHO# HH(EKIINH, YTO TTO3BOJISAET MPUCTYIHTH K pa3paboTke
OuorpenaparoB ¢ KOMIUIEKCHON (aHTHBHUPYCHON, MHCEKTH-
UIHOM, PyHTMIUIHON, OAKTePHUILIUIHON, IMMYHHU3UPYOLICH
U POCT-CTUMYIHUPYIOMIEH) aKTUBHOCTBIO JUISl SKOJIOTHUECKH
0e30MacHOI 3alUTHl paCTEHUI OT OOJIE3HEH M BPSTUTEIICH.
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Tan spot caused by the fungus Pyrenophora tritici-repentis is an important leaf spot disease in wheat growing areas
throughout the world. The study aims to identify wheat germplasm resistant to tan spot based on phytopathologi-
cal screening and molecular marker analysis. A collection of 64 common wheat germplasms, including cultivars
and breeding lines from Kazakhstan and CIMMYT, was assessed for tan spot resistance in greenhouse conditions
and characterized using the Xfcp623 molecular marker, diagnostic for the Tsn7 gene. All wheat cultivars/lines varied
in their reaction to tan spot isolate race 1, ranging from susceptible to resistant. Most accessions studied (53 %)
were susceptible to Ptr race 1. Spring wheat cultivars were more susceptible to race 1 than winter wheat culti-
vars. As a result of genotyping, an insensitive reaction to Ptr ToxA was predicted in 41 wheat cultivars (64 %). The
tsn1 gene carriers identified included 27 Kazakhstani and 14 CIMMYT cultivars/lines, demonstrating insensitivity to
Ptr ToxA. The majority of the Tsn1 genotype were sensitive to race 1 and showed susceptibility to the pathogen in
the field. Disease scores from seedling stage positively correlated with field disease ratings. Of particular interest
are 27 wheat accessions that demonstrated resistance to spore inoculation by Ptr race 1, were characterized by
insensitivity to ToxA and showed field resistance to the pathogen. The results of this study will contribute to wheat
breeding programs for tan spot resistance with Marker Assisted Selection using the closely flanking markers.
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MupeHodopos, Bo3dyanTens Pyrenophora tritici-repentis, ABNAETCA BaXXHbIM 3ab60eBaHEM IMCTOBbIX MATHUCTO-
CTell B permoHax BblpalyuBaHua NeHnLbl no Bcemy mupy. Llenb nccneposanus — ngeHtudurumnposaTb 1 otobpatb
repmMonnasmy nileHunLbl, ycTonumnsyio K nupeHodoposy P, tritici-repentis, c ICNONb30BaHEM MOSIEKYNIAPHbIX MapKe-
poB. Konnekuusa ns 64 06pasLoB MArKon NeHNLbl, BKIOYatoLwasn 3aperrncTprpoBaHHble COpTa U SNUTHbIE cenek-
LMOHHbIe NHMM NweHnubl n3 Kasaxctana n CIMMYT, 6bina noaseprHyTa oLeHKe YCTONYMBOCTY K P. tritici-repentis
B TeMMLEe 1 OXapakTepr3oBaHa C MOMOLLbI0 MONIEKYAPHOIO MapKepa Xfcp623, anarHocTnueckoro ans reHa Tsnl.
Bce copTta/nnHnm nNweHnLpbl pa3nnyanmcb No peakumm Ha M3onaT pacbl 1 Ptr, npoABNAA WNPOKNIA CNeKTp peak-
Uun — OT BOCMPUMMYMBOI O YCTONYMBON. BonblIMHCTBO UccnefoBaHHbIX 06pasLoB (53 %) okasanucb Bocnpu-
MMUMBBI K 130naTy pacel 1 Ptr. CopTa ApoBo niweHnLbl 66111 60ee BOCMPUUMUKBBI K pace 1, 4em copTa 03UMOoi
nweHnubl. B pesynbtate reHOTUNUPOBaHUS HEUYYBCTBUTENIbHAs peakums K TOKCKHy Ptr ToxA Gbina npeackasaHa
y 41 copTa nweHunubl (64 %). UoeHTMPMLMpOBaHHbIe HOCUTENM reHa tsn T BKoYany 27 KazaxcTaHCKux u 14 coptos/
nHnn CIMMYT, BEMOHCTPUPOBABLLMX HEYYBCTBUTENIbHOCTb K Ptr TOXA. BonbluMHCTBO 06pa3LioB ¢ reHoTunom Tsn
6blIN YYBCTBUTENbHbI K pace 1 1 MoKasanu BOCMIPUUMYMBOCTb K NMATOreHy B nosesbix ycnosuax. OueHkn 3abo-
NeBaeMOCTY Ha CTaAMM MPOPOCTKOB NMONOXKMTENBHO KOPPENUPOBaN C OLEHKaMI B MOJIEBbIX YCnoBUaAxX. Ocobbii
VNHTepecC NpeacTaBnaAoT 27 06pasLoB NLeHKLbl, KOTOpble MPOABUAN YCTOMYMBOCTb K MHOKYAALMMK Criop pacs! 1

© Kokhmetova A.M., Atishova M.N., Kumarbayeva M.T., Leonova I.N., 2019



A.M. Kokhmetova, M.N. Atishova
M.T. Kumarbayeva, I.N. Leonova

Phytopathological screening and molecular marker analysis of wheat
germplasm from Kazakhstan and CIMMYT for resistance to tan spot

P. tritici-repentis, XxapakTepun3oBanncb HeYyBCTBUTENIbHOCTbIO K TOKCMHY TOXA 1 AeMOHCTPUPOBanu YCTOMYMBOCTb
K nmaTtoreHy B nonesbix ycnoBuax. MonyyeHHble pesynbTaTbl BHECYT BKNaA B NPOrpammMbl CeNeKLMn NeHULbl Ha
YCTOMUMBOCTb K NUpeHodopo3y Ha ocHoBe Marker Assisted Selection c ncnonb3oBaHvem TeCHO dnaHKMpyOLMX

MapKepoB.

KnioueBble cioBa: NlleHKLa; MONEKYNAPHblE MapKepbl; Pyrenophora tritici-repentis; nupeHodopos; Tsn1; ToxA.

Introduction

Ensuring food security is the most important priority of Ka-
zakhstan’s economic strategy. Wheat production is limited to
a number of biotic stresses, including leaf spot diseases. Tan
spot, caused by the fungus Pyrenophora tritici-repentis (Died.)
Drechsler (anamorph), is an important foliar blight disease
in temperate and warmer wheat growing areas throughout
the world (Duveiller et al., 1998), including Kazakhstan
(Koyshibayev, 2018). Under conditions favorable for tan
spot development, yield losses can rise beyond 50 % (Rees
et al., 1988). This pathogen infects leaf, stem and head tissue
resulting in reduced photosynthetic area, increased transpira-
tion and reduced accumulation of organic matter and causes
considerable reduction in yield and quality of wheat. Modern
industrial farming technologies contribute to the development
of the disease: minimal tillage of the soil with the preservation
of stubble on its surface, monoculture and cultivation of wheat
cultivars with insufficient resistance to pathogen. The infected
seeds, plant residues of the previous growing season, infected
self-seeding plants and wild cereals susceptible to this disease
could serve as a source of infection to winter wheat seedlings
in autumn. Integrated disease control strategies, such as the
cultivation of resistant varieties, combined with desired crop
rotations and management practices, are the most effective,
environmentally friendly and cost-effective tools to combat
wheat tan spot (Mikhailova et al., 2012).

Inheritance to tan spot resistance has both quantitative and
qualitative nature, while the toxins resistance genes and quan-
titative trait loci (QTL) are race specific and they control the
processes that reduce the sensitivity to toxins (Mikhailova et
al., 2012; Faris etal., 2013; Liu et al., 2017). To date according
to Catalogue of Gene Symbols eight major resistance genes
(Tsrl, Tsr2, Tsr3, Tsrd, Tsrs, Tsr6, TsrHar, TsrAri) located
on chromosomes 2BS, 3A, 3BL, 3DS, and 5BL have been
identified (Mclntosh et al., 2013). Numerous genetic studies
performing quantitative trait loci analysis, have reported re-
sistance to tan spot as a polygenic trait however the major
racespecific genes frequently underlines these QTLs. Addi-
tional QTLs have been identified and located on chromosome
arms 1AL, 2AS, 3AS, 4AL, SAL, 1BS, 2BL, 3BS, 2DS, 2DL,
6A, 7A, and 7DS (Chu et al., 2010; Singh et al., 2010, 2016;
Xiao-Chun et al., 2010; Kalia et al., 2018). Recent studies
using associative mapping allowed the detection of loci that
determine resistance to different Ptrraces (Gurung et al., 2011;
Kollers et al., 2014; Juliana et al., 2018).

In order to increase effectiveness of wheat breeding subject
to resistance to tan spot, it is essential to understand the genetic
basis of resistance to the disease. Pyrenophora tritici-repentis
induces on susceptible cultivars two different symptoms,
necrosis and chlorosis. Genetically, both symptoms are under
independent host control. Based on the ability to induce ne-
crosis and chlorosis symptoms, 8 races of Ptr were identified
(Lamari, Bernier, 1989a; Strelkov, Lamari, 2003). It has been
found that the fungus produces a number of host-selective
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toxins (HSTs) known as Ptr ToxA, Ptr ToxB and Ptr ToxC,
etc., which interact directly or indirectly with the products of
the dominant plant genes Tsn/, Ts¢2 and Tscl, respectively
(Ballance et al., 1989). Recent studies on cloning and charac-
terization of the 7sn/ gene have shown that the pathogen
utilizes HST-toxins to weaken resistance mechanisms of the
host and cause the disease. However, in addition to host-HST
interactions, a wide range of QTLs responsible for race-non-
specific resistance and recessively inherited genes of “quali-
tative” resistance have been identified (Faris, Friesen, 2005;
Singh et al., 2016). Molecular markers for the HST resistance
genes and for race non-specific QTLs intended for use in
marker assisted selection (MAS) have been developed (Faris
et al., 2012; https://maswheat.ucdavis.edu/protocols). Di-
versity Arrays Technology (DArT) WPT-3049 (2.9 cM) and
WPT-0289 (4.6 cM) markers were closely linked to Tsr1 and
Tsro6, respectively (Singh et al., 2016).

There are a number of studies on the racial composition
of P, tritici-repentis in Asia and Kazakhstan. The greatest di-
versity was observed in Azerbaijan, where races 1, 2,3, 5, 7,
and 8 were identified, and in Syria, where races 1, 3,5, 7, and 8
were detected; the little variation was found in the virulence
of'isolates from Kazakhstan (race 1 and race 2) (Lamari et al.,
2005). It has been revealed that race 1 is the most widespread
race in Central Asia and Kazakhstan (87 %), and races 2, 3
and 4 were minor (Zhanarbekova et al., 2005; Maraite et al.,
20006). It was found that races 1 and 2 dominate in the North
Caucasus region of Russia, and races 1 and 8 P. tritici-repentis
dominate in Kazakhstan (Kokhmetova et al., 2016). Studies
on the racial composition of P. tritici-repentis in Kazakhstan
indicate the necessity to identify the wheat germplasm resistant
to the prevailing races of the disease among promising lines
and wheat varieties cultivated in Kazakhstan. The results of
previous studies indicate the possibility of postulating reces-
sive alleles of genes for resistance to P, tritici-repentis toxins
using molecular markers (Kokhmetova et al., 2017, 2018).

Conventional phytopathological methods are not always
effective for identification of pathogen resistance genes. The
situation is complicated by the fact that different leaf spot
pathogens occur together in the field, which make more dif-
ficult disease evaluation. In this case, the use of molecular
markers associated with disease resistance will be effective
for identification of disease resistance factors. The presence
of effective molecular markers closely linked to the genes of
resistance to toxins makes it possible to conduct molecular
screening of wheat breeding material. The main objectives of
this study were (i) phytopathological and molecular screening
elite cultivars and wheat breeding lines for resistance to tan
spot, (ii) identification of resistance sources effective against
tan spot.

Materials and methods
A collection of 64 common wheat germplasms, including
46 registered cultivars and elite wheat breeding lines from Ka-
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Table 1. Pyrenophora tritici-repentis isolate (29A-11) served as representative of race 1

Isolate Glenlea 6B-662 6B-365 Location

* Based on Lamari et al., 2005: N (ToxA) — disease inducing factor (Ptr ToxA), causing necrosis in Glenlea; C (ToxC) - disease inducing factor (Ptr ToxC), causing

chlorosis in 6B-365; R — stand for resistance to toxins of P. tritici-repentis; nec+ — presence of necrosis; chl+ - presence of chlorosis.

zakhstan and 18 entries from CIMMY T was used in the work
(see Table 2). Evaluation of the resistance to P. tritici-repentis
on adult plant stage was carried out under field conditions of
Southeast Kazakhstan, Kazakh Research Institute of Agricul-
ture and Plant Growing (KRIAPG), Almalybak (43°13" N,
76°36" E, and 789 m asl), Almaty region, in the 2017-2018
crop seasons. The experiment was conducted in a completely
randomized design with three replications. The field evalua-
tion (from naturally ocurring infections) to tan spot resistance
was assessed three times according to the scale for appraising
the foliar intensity of diseases (Saari, Prescott, 1975) in the
modification for tan spot (Kremneva, Volkova, 2007).

The standard wheat differentials included Glenlea and Sa-
lamouni cultivars, as well as 6B662 and 6B365 lines. Seed-
ling resistance of the wheat cultivars were assayed in the
greenhouse conditions at the two-leaf seedling stage. Three
seedlings of each differential line and tested wheat cultivars
were produced in plastic cones filled with soil and grown in
the greenhouse at an average temperature of 21 °C with a
16-h photoperiod. The seedlings were inoculated with spore
suspension with 4,000 spores per ml of each isolate individu-
ally until run off. Inoculated seedlings were moved to a mist
chamber at 21 °C with a 16-h photoperiod for 24 h. Thereafter,
the plants were moved to a growth chamber at 22 °C with a
16-h photoperiod for 24 h (light for 16 h and darkness for 8 h).
The plants were rated for disease, using rating system based
on lesion type; 1-2 represent resistance, and 3—5 represent
susceptibility (Lamari, Bernier, 1989a).

The samples of P. tritici-repentis were randomly collected
from hexaploid wheat in Almaty region of Kazakhstan. The
Petri dishes with leaf pieces with lesions were incubated at
20 °C for 12-18 h under fluorescent lights (~80 pmol-m2-s1),
followed by an additional 12—-18 h in the dark at 15 °C (Lamari
etal., 1995). Two to three isolates from each field were tested.
All P, tritici-repentis isolates were typed by their respective
race through inoculating them individually on the wheat dif-
ferential set developed by Lamari, Bernier (1989b) and Strel-
kov, Lamari (2003). It was found, that P, tritici-repentis isolate
29A-11 was related to race 1, since it was produced necrosis
on Glenlea and chlorosis on 6B-365 and possible characterized
by the production of two toxins: ToxA and ToxC (Table 1).

P tritici-repentis isolate 29A-11, representing race 1 was
used for inoculation. Culture of P. tritici-repentis isolate
29A-18 race 1 was grown on V4 agar (150 ml V4 juice in a
ratio of 4:3:2:1 parts beet juice, parsley, tomato and carrot, re-
spectively, 20 g agar, 1.5 g CaCO, and 850 ml distilled water)
in the dark at 20-22 °C for 6 days (Mikhailova et al., 2012).
The plates were filled with sterile distilled water; the myce-
lium flattened the base of a sterile test tube and excess water
poured off. To induce conidiophore production, the plates
were incubated under continuous light at room temperature
for two days followed by 1 day in the dark in an incubator

YCTONYNBOCTb PACTEHUI K BUOTUYECKMM GAKTOPAM / RESISTANCE OF PLANTS TO BIOTIC FACTORS

at 16 °C to induce conidia production. The plates were filled
with distilled water and the conidia were suspended in the
distilled water by gentle brushing the mycelium to dislodge
the conidia from the conidiophores. In order to reduce surface
tension 2—3 drops of Tween 20 were added per liter of spore
suspension. Spore concentration was measured and adjusted to
4,000 spores per ml. Wheat accessions were screened for toxin
ToxA reaction. Plants were infiltrated at the second leaf stage
as desciebed in Liu et al. (2006) and were scored as sensitive
or insensitive 3 days later based on presence or absence of
necrosis, respectively.

Genomic DNA was extracted at two-leaf seedling stage
for each individual plant using the CTAB method (Riede,
Anderson, 1996). DNA concentration was measured using a
spectrophotometer SmartSpecTMPlus (BioRAD). The DNA
concentration for each sample was adjusted to 30 ng/pl.
Samples were genotyped using the SSR marker Xfcp623 de-
signed to detect alleles of the 7sn/ gene. The primer sequence
and PCR conditions are given by Faris et al. (2010). The
amplification products were separated on 2%-agarose gels,
to determine the length of the amplification fragment 100 bp
DNA Ladder (Ferments, Lithuania) was used. Gels were vi-
sualized on GelDoc BIO-PRINT MEGA for documentation
of allele types in cultivars. Wheat entries 6B662 and Glenlea
served as positive and negative controls, respectively.

Results
Wheat germplasm reaction to race 1 of Pyrenophora tri-
tici-repentis. Seedlings and adult plant response of wheat
germplasm to P. tritici-repentis are presented in Table 2.
The reaction of wheat cultivars and lines representing the
range of lesion types to race 1 using rating system (Lamari,
Bernier, 1989a) based on two phenotypically distinct symp-
toms: tan necrosis (N) and chlorosis (C) was carried out.
Evaluation to race 1 showed that lesion type varied greately
amongst wheat cultivars. It was found that 30 entries out of
64 (46.9 %) had average disease reaction type, less than 2
and considered as resistant to this isolate (see Table 2). A type
of symptom consisting of small dark spots without any sur-
rounding chlorosis or tan necrosis (rating 1-2, R) was observed
in about 19 % of the accessions tested. A type symptom
consisting of minute dark spots with very little chlorosis or
tan necrosis (rating 2, R-N), showed 19 (30.6 %) accessions.
The chlorosis or tan necrosis symptoms (rating 3—4, S-N, S-C,
S-NC), were observed in 34 (55.1 %) of the accessions tested.
Fifteen of the 64 entries were sensitive to production of
chlorosis and this indicate that they may be sensitive to Ptr
ToxB or Ptr ToxC, but resistant to Ptr ToxA. Relatively large
proportion of resistant cultivars was presented in entries from
CIMMYT (72.22 %). The number of Kazakhstani samples
resistant to race 1 was significantly less (36.96 %). So, the
majority of studied Kazakhstani and CIMMYT entries were
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Table 2. The reaction of wheat accessions to race 1 P. tritici-repentis and the allelic state of the Tsn7 gene

Accession Origin Growth  Response to race 1 Response  Allelic state Field evaluation
to PtrToxA  of molecular marker Ptr, %

habit
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Table 2 (end)
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Growth
habit

Accession Origin

Response to race 1

Field evaluation
Ptr, %

Allelic state
of molecular marker

Response
to Ptr ToxA

Note: Xfcp623 is the SSR marker to the Tsn1 locus; “+"indicates sensitive to Ptr ToxA samples, contain TsnT allele, 380 bp DNA fragment; “~" indicates insensitive to
Ptr ToxA samples, contain tsn1, null allele; Salamouni, the insensitive control for race 1 and toxin Ptr ToxA, carrier of the ressive gene tsnT; Glenlea, the susceptible
control for race 1 and Ptr ToxA, carrier of the dominant Tsn1; 1-5 are the lesion type rating based on Lamari and Bernier (1989a) scale; 1, 2 - indicates resistance,

and 3-5 - susceptibility; the reaction to Ptr ToxA: |, insensitivity, S, sensitivity to Ptr ToxA.

susceptible to isolate 29A-18 related to race 1. In general, a
higher number of spring wheat cultivars exhibited suceptibility
to race 1 as compared to winter wheat cultivars.

Field evaluation to tan spot. The results of the field evalu-
ation (from naturally ocurring infections) to tan spot re-
sistance showed that the severity level to P. tritici-repentis
varied widely, from 0 to 50 % (see Table 2, Fig. 1). In the
field, considerable disease (>30 %) developed on plants of
21 cultivars (32.8 %). High level of lesion development from
naturally ocurring infections was observed in cultivars Mere-
ke 70, Nureke, Progress, Akbidai and KP 35. Field resistance
(<15 %) was observed in 37 (57.8 %) of the accessions tested.
There was a tendency towards lower rating in the field, most
cultivar had similar reactions when tested in the greenhouse
and in the field.

Genotyping of wheat accessions with Xfcp623 marker.
The wheat cultivars were genotyped with Xfcp623 marker to
predict reaction to the Ptr ToxA. The marker of Xfcp623 has
two alleles: in the presence of 7sn/ allele (Ptr ToxA sensitivity)
in the genome, 380 bp fragment is amplified, the absence of a
fragment of amplification (null-allele) suggests the presence of
the recessive tsnl allele (Ptr ToxA insensitivity). The results
of genotyping of wheat cultivars and lines with the Xfcp623
marker are presented in Table 2. As an example, the results
of the PCR amplification with Xfcp623 marker on 16 wheat
genotypes, are shown in the Figure 2. According to Figure 2,
seven out of 16 entries (Bogarnaya 56, KP 18, Kazakstan-
skaya 4, Akmola 2, KP 4, P83-5112/V82274 and Anara) had

YCTONYNBOCTb PACTEHUWN K BUOTUYECKUM OAKTOPAM / RESISTANCE OF PLANTS TO BIOTIC FACTORS

Number of accessions

||

10-20 21-35 36-50
Tan spot severity, %

12:
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4:
0 L
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Fig. 1. Frequency distribution of wheat accession for severity to P. tritici-
repentis, field evaluation, Almaty region.

17 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 M

380 bp

Fig. 2. DNA amplification profile for wheat cultivars and elite lines
obtained with Xfcp623 marker.

Lane: 1, KSI 16; 2, GAN/AE (408); 3, Bogarnaya 56; 4, KP 17; 5, KP 18; 6, Kazak-
stanskaya 4; 7, Akmola 2; 8, Taza; 9, Kargaly 9; 10, EFED/22150; 11, KP 4; 12, P83-
5112/V82274; 13, Anara; 14, KP33; 15, Glenlea (the sensitive control for race 1
and toxin Ptr ToxA, carrier of the dominant gene Tsn1); 16, Salamouni (the in-
sensitive control for race 1 and toxin Ptr ToxA, carrier of the ressive gene tsn1);
M, DNA Ladder.
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380 bp fragment, which allows us to postulate the presence of
the dominant 77/ allele conferring toxin Ptr Tox A sensitivity.
Seven entries including KSI 16, GAN/AE (408), KP 17, Taza,
Kargaly 9, EFED/22150 and KP33 showed a lack of ampli-
fication (null-allele) and suggests that these samples contain
recessive zsn/ allele conferring toxin Ptr ToxA insensitivity.

The results of genotyping showed that the frequency of
Tsnl allele was 37.5 % (24 cultivars of 64 analyzed). Analysis
of molecular and phytopathological data shows that carriers
of the tsnl gene characterized by high field resistance with
severity level ranging from 0 to 15 %. The carriers of the
Tsnl gene, showed in the field susceptibility to the disease
comprised at 3045 %.

Twenty-seven wheat entries are of the greatest interest
since they demonstrated resistance to the seedling inocula-
tion by the race 1 of P. tritici-repentis, showed resistance
to the pathogen in the field and were Ptr ToxA insensitive.
This set of accessions includes 16 cultivars and lines from
Kazakhstan (Reke, Taza, Zhenis, Ishimskaya 92, Karagan-
dinskaya 22, Karabalykskaya 90, Celinnaya 90, Kargaly 9,
Express, KP33, KP34, KP36, KSI6, KSI 9/374, KSI 16,
KSI 17) and 11 CIMMYT lines (BR35/BR14, F3.71/TRM/
VORONA/3/0C14, CEP80111/VEE, JAC161/TEMUS51.80,
CATBIRD, GAN/AE.437SOVARROSA, GAN/AE (408),
TALHUENINIJA, EFED/22150, TOO11/TOOO0O7, RECUR-
RENT SELECTION 1).

Discussion

Ptr ToxA toxin is known to be one of the main factors asso-
ciated with the development of P, tritici-repentis in susceptible
wheat genotypes (Friesen et al., 2006). The new P. tritici-
repentis races are emerging through natural selection, therefore
development of new resistance sources is imperative (Ali et
al., 2010). Several reports indicate the global prevalence of
race 1 (Singh et al., 2010; Abdullah et al., 2017a). Since it was
previously shown that the race 1 is the most prevalent race in
Kazakhstan (Zhanarbekova et al., 2005; Maraite et al., 2006;
Kokhmetova et al., 2016), in the present study, we searched
for carriers of resistance to race 1 and Ptr ToxA toxin among
wheat germplasm. The particular value of the experiment is
the breeding material, which was developed and selected in
Kazakhstan, as well as in CIMMYT. This material is repre-
senting different genetic background, including carriers of
resistance to tan spot.

Molecular markers Xfcp393, Xfcp394 and Xfcp623 were
developed as diagnostics for detection of insensitivity to Ptr
ToxA and Sn ToxA (Zhang et al., 2009; Faris et al., 2010). On
the basis of sequencing the marker Xfcp623 was proposed as
diagnostic for 75n/ gene. It was located in intron 5 of the locus
in position 4901...5280 (Faris et al., 2010). The reliability of
the diagnostic marker Xfcp623 for identifying wheat genotypes
with resistance to the fungus and insensitivity to Ptr Tox A was
shown in some studies (Karelov et al., 2015; Kokhmetova et
al., 2017, 2018; Mironenko et al., 2017). Taking into con-
sideration the higher efficiency of the Xfcp623 marker, wheat
germplasm in our study were genotyped with this marker. In
this study, the frequency of zsn/ allele of the marker Xfcp623
for Ptr ToxA insensitivity was 62.5 %. Sensitive reaction to
the Ptr ToxA was predicted for the 20 remainder of the tested
genotypes (37.5 %).
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The majority of studied cultivars, 53.1 % were susceptible
to isolate 29A-18 related to race 1. In general, the most part
of spring wheat cultivars exhibited susceptibility to race 1 as
compared to winter wheat cultivars. The same response to
race 1 in a set of spring and winter wheat cultivars was ob-
served by Abdullah et al. (2017b), who indicated that the high
resistance of winter wheat to race 1 tan spot minimizes their
role in establishing race 1 in the region.

Disease scores from seedling stage, assessed herein, posi-
tively correlated with field disease ratings. The most of the
wheat entries with the 7sn/ genotype (90.5 %) were sensitive
to race 1 and showed susceptibility to the pathogen in the
field. The exception was 2 varieties (Tungysh and Celin-
naya 26), which showed an insensitive reaction to the race 1
of the fungus.

Among the studied wheat material 59 accessions (92.2 %)
exhibited “sensitive” or “insensitive” alleles at marker loci
Xfcp623 in Ptr ToxA sensitive and insensitive accessions,
respectively. In other words, no recombination was observed
within the segment harboring the marker Xfcp623 and Tsnl
among these 59 accessions. Only 5 genotypes had recom-
bination events between Xfcp623 and Tsnl. In the cultivars
Kazakstanskaya 3 and Kazakstanskaya 15 the sensitivity to Ptr
ToxA and the presence of resistance gene tsn/ was observed.
The cultivars Mereke 70, Raminal and Celinnaya 26 showed
the insensitivity to Ptr ToxA, but characterized by the pres-
ence of susceptible gene 7sn/. Apparently, recombinations
are possible in the segment harboring the Xfcp623 and Tsnl
marker among these wheat cultivars.

The results of our study are in agreement with a previous
research, suggesting that ToxA is not the major determinant in
tan spot disease development in some host backgrounds and
indicates the presence of additional effectors (Oliver et al.,
2014; Rybak et al., 2017; See et al., 2018). The ToxA-Tsnl
interaction alone is not a prerequisite for pathogenicity of
race 1 Ptr isolates, and pathologists have started to recognize
that race 1 Ptr isolates harbour additional uncharacterized
effectors in addition to ToxA and ToxC (Manning, Ciuffetti,
2015). Ptr interacts with the host in a complex and intricate
manner, leading to a variety of disease reactions that are de-
pendent or independent of the ToxA—T7sn/ interaction (See et
al., 2018). ToxA is found ubiquitously in Australian Ptr isolates
and the removal of Tox A sensitivity gene from wheat has been
shown to have no effect on yield penalty (Oliver et al., 2014).
Although the removal of the 7oxA gene in Ptr does not severely
impede the ability of the pathogen to infect in all varieties,
the absence of the 7sn/ gene in the wheat germplasm does
generally improve resistance to tan spot disease (See et al.,
2018).

Conclusion

In summary, the results presented in this study indicate that it
is necessary to continue breeding for development of carriers
of tsnl gene insensitive to Ptr ToxA toxin. The obtained results
will contribute to wheat breeding by pyramiding Ptr ToxA
insensitivity genes using the closely linked marker Xfcp623
into the desired germplasm. The group of disease resistance
germplasm identified in this study can be utilized to develop
cultivars with broad-genetic base durable resistance to wheat
tan spot.
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Identification of QTLs for resistance to leaf and stem rusts
in bread wheat (Triticum aestivum L.) using a mapping population
of ‘Pamyati Azieva x Paragon’
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Leaf rust (LR) and stem rust (SR) are harmful fungal diseases of bread wheat (Triticum aestivum L.). The purpose of this
study was to identify QTLs for resistance to LR and SR that are effective in two wheat-growing regions of Kazakhstan.
To accomplish this task, a population of recombinant inbred lines (RILs) of ‘Pamyati Azieva X Paragon’was grown in the
northern and southeastern parts of Kazakhstan, phenotyped for LR/SR severities, and analyzed for key yield compo-
nents. The study revealed a negative correlation between disease severity and plant productivity in both areas. The
mapping population was genotyped using a 20,000 Illumina SNP array. A total of 4595 polymorphic SNP markers were
further selected for linkage analysis after filtering based on missing data percentage and segregation distortion. Win-
dows QTL Cartographer was applied to identify QTLs associated with LR and SR resistances in the RIL mapping popula-
tion studied. Two QTLs for LR resistance and eight for SR resistance were found in the north, and the genetic positions
of eight of them have matched the positions of the known Lr and Sr genes, while two QTLs for SR were novel. In the
southeast, eight QTLs for LR and one for SR were identified in total. The study is an initial step of the genetic mapping
of LR and SR resistance loci of bread wheat in Kazakhstan. Field trials in two areas of the country and the genotyping
of the selected mapping population have allowed identification of key QTLs that will be effective in regional breeding
projects for better bread wheat productivity.

Key words: bread wheat; linkage mapping; recombinant inbred lines; qualitative trait loci; leaf rust; stem rust.
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NneHTU@UKALMA TOKYCOB KOJINYECTBEHHBIX IIPM3HAKOB
VCTOMUYMBOCTU K JIICTOBOIJI 1 CTe06JIeBOI p>kaBUMHAM
MSTKOI mineHusl (Triticum aestivum L.) ¢ ICTIO/Ib30BaHMEM
KapTupvoliein nonyiasauumu [Tamsatu A3ueBa x [Taparod
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1 WHCTUTYT 6rionorum n 6uotexHonoruu pacteHnii, Anmatbl, KasaxcraH

2 CeBepo-KasaxcTaHcKas cenbckoxo3ancTBeHHan onbiTHaA ctaHuua, LLaranansl, CeBepo-KasaxctaHckas obnactb, KasaxctaH

3 Kazaxckuii HAM 3emnefenvsa n pacTeHNeBoAcCTBa, AnManblbak, AfMaTUHCKasa obnactb, KasaxctaH

4 LleHTp nm. [IxoHa UHHeca, Hopup, Benvkobputarusa

5 Kasaxckuin HauuoHanbHbii yHuBepcuteT uUM. anb-Oapabu, dakynsteT 6uonornm n buotexHonoruu, kapeppa bruopasHoobpasma n buopecypcos,
Anmatbl, KazaxctaH

&) e-mail: yerlant@yahoo.com

JlnctoBas n ctebneBas pXKaBUMHbI ABNATCA BPEJOHOCHBIMU TPUOHBIMM 6one3HAMU MArkoi nwennubl (Triticum
aestivum L.). Llenbto gaHHOro nccnepoBaHmna 6bina MaeHTUOUKaLMA NOKYCOB KOMYeCTBEHHbIX Npr3sHakos (JIKM), ca-
3aHHbIX C YCTONUMBOCTbIO K 60N1€3HAM, B ABYX PerroHax Bo3fenbiBaHMA NiweHnLbl B KaszaxctaHe. 1na 3Toro KapTupyio-
was nonynauna Mamatn Asnesa x MaparoH, coctoAwan 13 98 peKoMOUHAHTHO-UHOPEHbIX IMHUIA U BblpalyMBaemas
Ha ceBepe 1 toro-BocToke KasaxcraHa, 6bina GeHoTMNMPOBaHa No CTeMneHW NopaXeHWs NCTOBOW 1 CTe61eBON pxKaB-
YMHOW 1 MpOaHanM3MpoBaHa Mo KOYeBbIM KOMMOHEHTaM ypOXKalHOCTU. BbiABNeHa oTpuuaTenbHaa Koppenauua
MeXzy CTeneHbto MopakeHWs 60Nne3HbIo 1 NPOLAYKTUBHOCTbBIO PacTeHWi B 060X permoHax. Kaptrpytowas nonynauus
6blia reHoTMNMPOBaHa ¢ ucrnonb3oBaHvem OHK mukpounna lllumina Ha 20000 mapkepos OHI (0OAHOHYKNEOTUAHDI
nonumopdursm). 4na fganbHenwero aHanmsa otobpaHo 4595 nonumopdHbix mapkepos OHI. Ona naeHtndrkaumm
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QTLs for resistance to leaf and stem rusts
using bread wheat population ‘Pamyati Azieva x Paragon’

JIKM, cBSI3aHHbIX C YCTOMUMBOCTBIO KapTUpYloLeid Nonynsauun K JIMCTOBOW U CTebneBol pXKaBuMHaM, UCMONb30Ba-
nacb nporpamma Windows QTL Cartographer v2.5. B ceBepHOM pervioHe 6b1in o6Hapy»eHbl aga JIKIM yctonumsoctn
K IMCTOBOW pkaBumHe 1 BoceMb JIKIM - K cTebneBoit. Jlokanvsaumm BOCbMU U3 HAX COBMANU € NO3ULMAMN N3BECTHbIX
reHoB Lr v Sr. [1ea JIKI gna cte6neBow p»aBuviHbl 6biavi 0603HaUYeHbl Kak HOBble. [1/1A 10ro-BOCTOYHOrO pernoHa obHa-
py»keHo Bocemb JIKI1, accoUMMpPOBaHHbIX C YCTONUMBOCTBIO K IMCTOBOW PXKaBUMHE, Y OAVH — K cTebneBoi. HacTosAwee
nccnefoBaHme ABNAETCA NEPBbIM LWArOM B reHETUYECKOM KapTUPOBaHWM JIOKYCOB YCTONYMBOCTY K IMCTOBON U CTe-
6neBoVi pKaBUYMHaM MArKol nweHnLpbl B KasaxctaHe. MoneBble nccnefoBaHUs B IBYX PErMOHax CTpaHbl U reHOTUNU-
poBaHVie BbIOpaHHON KapTupytoLLen Nonynaumuy No3Bonuamv BbiaBUTb KntoueBble JTIKI, KoTopble 6yayT 3GPpeKTUBHbI B
pervoHanbHbIX CeIeKLMOHHbIX NPOeKTax, HanpaB/IeHHbIX Ha yyyLlleHre NPOAYKTUBHOCTU MATKOW MNEHNLbI.
KnioueBble cioBa: MArkasa MweHULa; KapTUPOBaHUE; PEKOMOUHAHTHO-UHOPEeHbIE IMHUY; NTOKYCbl KOIMYECTBEHHbIX
NPV3HAKOB; NNCTOBAA PXKaBUMHA; CTebrieBas pXaByMHa.

Introduction

Wheat is one of the most important cereal crops in the World
and Kazakhstan (http://www.fao.org). In Kazakhstan wheat
is grown on about 13 million hectares annually. The country
produces up to 20-25 million tons of bread wheat per year,
and exports up to 5—7 million tons of the grain (http://stat.gov.
kz). However, an annual infection of bread wheat by fungal
diseases is causing a serious yield reduction (Koyshybaev et
al., 2017).

The three most common wheat fungal pathogens in the
world are Puccinia triticina Erikss. (leaf rust), Puccinia grami-
nis Pers. f. sp. tritici Erikss. & Henn. (stem rust), and Puccinia
striiformis Westend. f. sp. tritici Eriks. (stripe or yellow rust)
(Bushnell, Roelfs, 1984). P. recondita is now recognized as
one of the most dangerous pathogens in wheat production
worldwide, causing significant yield losses over the large
geographical areas (Bolton et al., 2008). The infection with any
rust fungus results in decreased numbers of kernels per spike
and lower kernel weights due to the parasitic consumption of
host nutrients, which leads to apparent yield losses and poor
quality of the grains (Afzal et al., 2008).

In Kazakhstan, leaf rust (LR) and stem rust (SR) together
cause the most severe yield losses in bread wheat (Rsaliev
et al., 2005). When the epidemic develops at the early stage,
and the infection persists until wheat is fully ripe, the yield
loss increases up to 40—-60 % (Koyshybaev, 2010). It happens
because of the favorable climate conditions for the spreading
of P. recondita in the fields, especially in south and south-east
of Kazakhstan, where the high temperature and water defi-
ciency stimulate the expansion of spores (Koyshybaev, 2010).
As for the SR, the constantly widening areal of aggressive
stem rust race Ug99 creates a threat to the food security of
the entire planet (Singh et al., 2011; Bhardwaj et al., 2014),
including Kazakhstan (Shamanin et al., 2010; Rsaliev, 2011).
With epiphytotic SR development, the yield losses of spring
wheat can potentially reach 40-50 % (Koyshybaev, 2010;
Soko et al., 2018).

One of the most effective ways to protect wheat from LR
and SR is the development of resistant cultivars with high yield
potential (Ellis et al., 2014). In the last 100 years, approxi-
mately 80 LR resistance genes designated from Lr/ to Lr78,
Lracl04, and Lracl24, have been identified and described
in common wheat, durum wheat and diploid wheat species
(Mclntosh et al., 1998, 2007, 2017). In the last 10 years in
Kazakhstan, there were active research works on the identifi-
cation of genes, which are effective against LR, screening of
wheat cultivars for the presence of resistance gene (Kokhme-
tova et al., 2009; Akhmetova et al., 2015) and investigation
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on population of P. recondita in the country and neighboring
territories (Agabaeva, Rsaliev, 2013; Gultyaeva et al., 2018).

As for the SR, to date, nearly 60 Sr genes have been identi-
fied in wheat and its wild relatives (McIntosh et al., 2017). Al-
most all of the wheat cultivars approved for use on the territory
of Kazakhstan demonstrate poor resistance to SR pathogens
(Koyshybaev et al., 2017). For this reason, the analysis of SR
and methods of its prevention in Kazakhstan are an important
issue and require comprehensive genetic and breeding studies.
Several experiments were conducted to search SR resistance
sources in wheat germplasm of Kazakhstan (Rsaliev, 2011;
Kokhmetova, Atishova, 2012). However, no efforts were done
to identify effective genes and quantitative trait loci (QTL)
based on genetic mapping approach. Genetic mapping is an
effective tool for the identification of QTLs that are respon-
sible for natural phenotypic variations in complex traits, such
as resistance to rust diseases (Goutam et al., 2015; Xu et al.,
2017). During the past two decades, linkage mapping has been
commonly used in various plant species, numerous wheat
dense genetic maps were developed (Yang et al., 2017), and a
large number of QTL have been cloned or tagged (Price, 2006).

The purpose of this study was the identification of QTL
for LR and SR resistance by using 98 recombinant inbred
lines (RILs) of ‘Pamyati Azieva x Paragon’ mapping popula-
tion (MP). As these lines were tested in environmental condi-
tions of North and South-East Kazakhstan, it was expected
that important insights of the genetic control for two types of
rust disease resistance in bread wheat will be revealed. This
work is a continuation of our recent studies of bread wheat
undertaken in our research organization (Turuspekov et al.,
2017a, b).

Materials and methods

‘Pamyati Azieva x Paragon’ mapping population. The MP
comprising of 98 Fy RILs was assembled via crossing be-
tween two spring wheat cultivars — ‘Pamyati Azieva’ (PA)
and ‘Paragon’ (P). These two cultivars were chosen because
of their different genetic background and differences in mor-
phological traits. The first parental cultivar is Russian medium-
early spring wheat cultivar ‘Pamyati Azieva’ recommended
for the Western Siberian region (https://reestr.gossort.com),
approved for commercial cultivation in the North Kazakhstan
(http://www.goscomsort.kz/index.php/ru), and susceptible
to LR and SR. The second parental cultivar was a modern
UK elite spring wheat cultivar ‘Paragon’ that was used as
a key parent for Wheat Genetic Improvement Programme
(http://www.wgin.org.uk) resources but poorly studied for
the resistance to LR and SR. The MP, as well as the genetic
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map, was developed within ADAPTAWHEAT project in
greenhouse conditions by using facilities of the John Innes
Centre (Norwich, UK) during 2011-2015 (https://www.jic.
ac.uk/adaptawheat).

Evaluation of the MP for variation in agronomic traits,
and LR/SR severity in South-East and North Kazakh-
stan. Field evaluations of the MP were conducted in North
Kazakhstan agricultural experimental station (North Kazakh-
stan region) and Kazakh Research Institute of Agriculture
and Plant Industry (South-East Kazakhstan, Almaty region).
Ninety-eight RILs, the parental cultivars (‘Pamyati Azieva’
and ‘Paragon’), and standard check cultivars (‘Astana’ and
‘Omskaya 35’ in the North, and ‘Kazakhstanskaya 4’ and
‘Kazakhstanskaya rannespelaya’ in the South-East) were
evaluated in 2018 under field conditions for resistance to LR
and SR, as well as for key adaptation traits and yield compo-
nents. The population was planted at each site in randomized
triplicated experiments. Plants were grown in 15 cm distance
between rows and 5 cm distance between plants within a
row. Each row contained 25 plants. In the field conditions
the MP was tested using 11 traits, including HT (heading
time), MT (seed maturation time), PH (plant height), PL (pe-
duncle length), SL (spike length), NPS (number of produc-
tive spikes per plant), NKS (number of kernels per spike),
WKS (weight of kernels per spike), TKW (thousand kernels
weight), WKP (weight of kernels per plant), YSM (yield per
square meter).

Evaluation of rusts resistance in both locations was con-
ducted in two randomized replicates with a natural source of
infection. LR and SR resistance was evaluated on two growth
stages — phase of grain formation on 75 of Zadoks scale and
at the beginning of grain ripening on 83 of Zadoks scale (Za-
doks et al., 1974). Averaged values for both diseases in two
regions were calculated. Field infection response of the test
materials was assessed visually. In both regions assessment of
resistance/susceptibility levels was performed using the scale
of Stakman (Stakman et al., 1962) for SR, the scale of Mains
and Jackson (Mains, Jackson, 1926) for LR. The severity of
rust infection on leaf and stem surfaces was assessed using the
modified Cobb scale (Peterson et al., 1948; Roelfs et al., 1992).
To meet the data format required for association analysis, the
conventional scale was converted to the 0-9 linear disease
scale described by Zhang and co-authors (Zhang et al., 2011).
Pearson correlation analysis between agronomic traits and
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SR/LR severity was performed using the R statistical platform
(https://www.r-project.org).

Linkage mapping and QTL analysis. Genomic DNA for
98 RILs and their parental cultivars was extracted from seed-
lings using the cetyltrimethyl ammonium bromide (CTAB)
method (Doyle J.J., Doyle J.L., 1990) and genotyped with
the Illumina’s iSelect 20K SNP array at the TraitGenetics
Company (TraitGenetics GmbH, Gatersleben, Germany).
MapChart v2.32 software was used to draw the genetic map
(Voorrips, 2002). Each repetition experiments and their aver-
age results for studied traits in each environment were used
for QTL analysis. For analysis of QTL, the Windows QTL
Cartographer v2.5 software (http://statgen.ncsu.edu/qtlcart/
WQTLCart.htm) with composite interval mapping (CIM)
method at a logarithm of the odds (LOD) for the threshold
of 3.0 was used.

Results

Phenotypic variations of resistance to stem and leaf rusts
in two environmental conditions. Generally, mean values of
SR and LR severity of two parental cultivars and 98 RILs in
two regions demonstrated non-equal distribution with devia-
tions towards resistance in the North and susceptibility in the
South-East for both diseases (Fig. 1). Out of 98 RILs, fourteen
lines were recognized as fully resistant to SR (1 point), 67 lines
as moderate resistant on the level of 2-3 points, and only one
line was determined as susceptible with 8 points of infection
severity (see Fig. 1, a). In the South-East area, the severity
of SR infection at the stage of grain ripening is higher and
less diverse than in the North. SR scores of RILs at the adult
plant stage were not normally distributed and were strongly
skewed towards susceptibility. Here, 89 lines were affected
by stem rust on the level of 8 points, with no lines identified
as resistant (see Fig. 1, a).

As per the LR resistance, parents and lines of the MP
grown in North Kazakhstan had demonstrated clear evidence
of infection at the phase of grain ripening. The majority of
RILs (81 lines) was identified as moderately resistant with
the severity level on 2-3 points. The remaining six lines were
resistant, and 11 lines had shown intermediate (4-5 points)
level of infection (see Fig. 1, b). In the region of South-East
Kazakhstan, as in the case of stem rust, the severity of leaf
rust infection was significantly higher than in the northern
part of the country.
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Fig. 1. Phenotypic variations of recombinant inbred lines for stem (a) and leaf rust (b) severity in two environments.

The severity of infections was determined based on the 9-point scale. SEKaz - South-East Kazakhstan, NKaz - North Kazakhstan.
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Coefficients of pairwise Pearson correlations (r) between the leaf and stem rusts infections severities
and adaptation/yield-related traits in RILs population grown in North Kazakhstan

Parameter SR SR
(grain formation) (grain ripening)
HT_0254* ...................................... g 0072 .....................
MT0295** ..................................... - 0191 ......................
P |.| .............................. : 0061 ......................................... - 0219* ...................
P |_ ............................... : 0047 ........................................ - 0037 .....................
Np50159 ......................................... - 0113 .....................
5|_0208* 0098 .....................
NFS ............................ : 01 80 ........................................ - 0113 .....................
NK5_0148 ........................................ - 0”7 .....................
WK50053 ......................................... - 0144 .....................
WKPOOW ......................................... - 0214* ...................
TKWOO31 ......................................... - 0168 .....................

SR LR

(average) (average)
.................... 8 00590129
.................... - 02”*_0054
.................... - 0214*_0123
.................... - 0042_0085
.................... - 0060_0215*
01240019 ......................................
.................... : 0155_0094
.................... : 0151_0237*
.................... - 0141_0295**
.................... - 0230*_0168
.................... - 0193_0059

Notes: SR, stem rust severity; LR, leaf rust severity; HT, heading time; MT, maturation time; PH, plant height; PL, peduncle length; NPS, number of productive
spikes per plant; SL, spike length; NFS, number of fertile spikelets per spike; NKS, number of kernels per spike; WKS, weight of kernels per spike; WKP, weight of

kernels per plant; TKW, thousand kernels weight.
* Significance level at p < 0.05; ** significance level at p < 0.01.

Correlation analysis for resistance to LR/SR and agro-
nomic traits. North Kazakhstan is the biggest wheat-growing
area in Kazakhstan that gives around 85 % of bread wheat
grain annually (http://stat.gov.kz). Therefore, a separate evalu-
ation of the relationship between yield components and rust
indexes was performed (see the Table).

The severity of LR and SR infections measured on two
growth stages and averaged values revealed generally nega-
tive influence on all key adaptation and yield-related traits.
In North Kazakhstan, the averaged level of SR infections
was negatively correlated with three important traits — MT,
PH, and WKP. At the same time, the level of SR infections
measured during the phase of grain formation demonstrated
a negative correlation with HT, MT, while measures at the
beginning of grain ripening were negatively correlated with
PH and WKP. LR severity made a significant negative impact
on NPS, NKS, and WKS.

Genetic linkage map of the studied RILs population.
A total of 4595 polymorphic SNP markers from 21 chromo-
somes were used in the current study. All SNPs showed a
good fit to 1:1 segregation in the RILs mapping population
(p > 0.001 in Chi-squared test). The distribution of markers
among genomes was the following: A genome — 1939 SNPs,
B genome — 2099 SNPs, and D genome — 557 SNPs. The
lengths of genetic maps for individual chromosomes ranged
from 218.9 ¢cM (chromosome 3B) to 16.9 ¢cM (chromoso-
me 4D). Chromosome 2B was identified as the densest with
563 SNPs per 150.6 cM (average spacing 0.27 cM), while
chromosome 5D demonstrated the least markers density with
the average 2.65 cM between neighboring SNPs.

QTL analysis of resistance to LR and SR. Information
about QTL identified in this research work is summarized in
Supplementary 11. Ten putative QTL for LR resistance were
identified in seven different chromosomes (Fig. 2, Supple-

T Supplementary Materials 1 and 2 are available in the online version of the
paper: http://www.bionet.nsc.ru/vogis/download/pict-2019-23/appx20.pdf
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mentary 1). The majority of QTL was revealed in South-East
Kazakhstan, where the severity of LR was on a maximum
level. Four of QTL for LR resistance were located on 3B chro-
mosome on short distances from each other. One QTL is
observed on 3A chromosome while remaining five QTL were
on chromosomes 1B, 1D, 2A, 2B and 4B.

Among all identified QTL for LR, the QLR.IPBB-3B.1 lo-
cated on the 3B chromosome was detected in the South-East
region during the peak of infection. It had demonstrated the
highest 7.8 LOD score among the others and explained 27 %
of the phenotypic variances. Other QTL demonstrated LOD
score in the range from 3.3 up to 6.0 and phenotypic variances
from 11 to 20 %.

Nine tentative QTL for SR were detected in this study (Fig. 3,
see Supplementary 1). All of them are distributed among six
chromosomes, where 3B chromosome contained three QTL,
6B chromosome —two QTL while remaining QTL were spread
in chromosomes 1A, 2B, 2D, and 4A. The majority of QTL
for SR resistance was identified in the North region, while
there was only one QTL identified in the South-East. The
highest LOD score was observed for two QTL— OSR.IPBB-2D
and OSR.IPBB-6B.1 — on chromosomes 2D and 6B, and ex-
plained 22 and 20 % of the stem rust resistance variances,
respectively.

Discussion

Identified QTL for LR resistance and their comparison to
previously LR mapping studies. The literature survey sug-
gests that LR pathotypes of infections, as well as the sources
of infection and wheat genes that are effective against them,
are different in two regions. For example, in South-East
Kazakhstan, seven Lr genes were reported to be highly ef-
fective (OR, 1-5 MR) — Lr9, Lri2, Lri3, Lri8, Lr19, Lr24,
and Lr37 (Koyshybaev, 2018). In the North, the difference in
Lr genes effectiveness was observed even between two sites.
For Akmola site, there were nine genes with good effective-
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Fig. 2. Genetic map with QTL for leaf rust (LR) resistance detected using mapping population ‘Pamyati Azieva x Paragon’ and previously mapped
Lr genes.

In each case, the genomic region containing the QTL is indicated by the vertical bar on the right and followed by the name of the QTL. SNP markers are indicated

on the right, and their genetic positions (cM) are shown on the left. Peak marker for each QTL is highlighted in bold.
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Fig. 3. QTL for stem rust (SR) resistance identified in mapping population ‘Pamyati AzievaxParagon’ and previously mapped

Srgenes.

In each case, the genomic region containing the QTL is indicated by the vertical bar on the right and followed by the name of the QTL.
SNPs are indicated on the right, and their genetic positions (cM) are shown on the left. Peak marker for each QTL is highlighted in bold.
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ness — Lr9, Lri2, Lri3, Lr19, Lr23, Lr24, Lr28, Lr33, and
Lr35, while for North Kazakhstan site only three genes were
highly effective — Lr9, Lr28, and Lr36 (Koyshybaev, 2018).
Here, ten QTL for LR were identified for two studied regions,
and there were no matchings between them. Differences in
QTL identification in North and South-East regions agreed
with the data on differences in the composition of the patho-
gen populations between these regions (Koyshybaev, 2018).
All comparison information concerning candidate genes and
previously mentioned resistance QTL in the literature is pre-
sented in Supplementary 2.

One of two QTL identified in the North (OLR.IPBB-1D)
is located in the long arm of 1D chromosome. The 1D chro-
mosome has four Lr genes (see Supplementary 2) positioned
on the far distances from the QLR.IPBB-1D. The second
association found in the North region was QLR.IPBB-3B.2.
The locus was within the interval of 38.0-54.0 cM on the
3B chromosome, near the locus QLR.IPBB-3B.3, which was
identified in the South-East study. The QLR.IPBB-3B.2 was
distantly located from both Lr27 and Lr74 genes (see Fig. 2,
Supplementary 2), but in close proximity to QTL described
earlier (Gao et al., 2016; Zhang et al., 2017). Interestingly,
none of Lr genes or QTL on chromosomes 1D and 3B had
been described as effective in Kazakhstan before.

Field assessment of LR resistance in South-East allowed
revealing eight QTL in six different chromosomes (see Supple-
mentary 2). These QTL can be formally separated into two
groups: the first group has QTL overlapping with previously
identified and well described L7 genes, and the second group
has QTL identified in this study. The first group is presented
by two QTL on 2B and 3B chromosomes. On 2B chromo-
some, the OLR.IPBB-2B has similar positions with L735 and
Lr50 (see Supplementary 2). Also, Gao and colleagues (Gao
et al., 2016) and Zhang with co-authors (Zhang et al., 2017)
identified similar QTL for LR in this part of the genome. The
Lr35 was previously described as highly effective in East,
West, and North Kazakhstan regions (Koyshybaev, 2018).
The second QTL QLR.IPBB-3B.1 is positioned in the interval
1.1-15.0 cM of 3B chromosome, where it possibly overlaps
with Lr74 located approximately 4.9 cM away from xgwm533
at 10.6 cM (Quarrie et al., 2005). Also, Lr27 is another previ-
ously reported gene located in this region (see Supplemen-
tary 2). Notably, OQLR.IPBB-3B.1 was the most significant
QTL for LR identified in this study with the highest R2 and
additive effect.

The remaining six QTL for LR belong to the second group
of putatively new genetic factors for studied environments.
The first QTL from this group is QLR.IPBB-1B that located
on the 1B chromosome. There are two QTL for LR described
by Kumar and colleagues (Kumar et al., 2013) and Gao with
co-authors (Gao et al., 2016) that were positioned in the same
vicinity as the QLR.IPBB-1B. The QLR.IPBB-24 was the only
identified association on 2A chromosomes in this study, and
it was mapped in the interval 86.0-110.1 cM. The interval
of the OLR.IPBB-24 is near to genetic positions of QTL for
LR resistance that were described in previous studies (Kumar
etal.,2013; Gaoetal., 2016). The QLR.IPBB-34 was located
in the interval 100.0-133.1 ¢M, and it is coinciding with the
position of QTL for LR resistance described by Chu with
colleagues (Chu et al., 2009). On the 3B chromosome, two
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QTL for LR were identified in this group of study in South-
East region. These are OQLR.IPBB-3B.3 and QLR.IPBB-3B.4
positioned in 61.2—-78.1 and 88.2-102.3 cM intervals, re-
spectively. It appears that QTL for LR in these regions were
previously identified (Kumar et al., 2013; Muhammad et al.,
2018). Finally, the QLR.IPBB-4B was located in the interval
82.9-101.8 cM, which is overlapping with the position of
QTL for LR resistance described by Gao and co-authors (Gao
etal., 2016).

As all identified genetic factors associated with the resis-
tance to LR in this study were genetically positioned with
associations identified in recent GWAS for LR resistance (Gao
et al., 2016; Muhammad et al., 2018), it is strong indications
that QTL identified in this study may play an important role
in local breeding projects.

Identified QTL for SR resistance and their comparison
to previously SR mapping studies. Unlike in LR study,
where the majority of QTL for SR were found based on the
data from South-East, in SR study almost all QTL (8 out of 9)
were identified in the North region. The only SR resistant
locus form the South-East was OSR./PBB-3B.2 in the interval
98.3—-128.3 cM on the 3B chromosome, and it was signifi-
cantly far from Sr genes mapped in this linkage group (see
Supplementary 2). Other QTL for SR resistance can also be
formally divided into two groups, likewise in LR study. The
first group of marker-trait associations includes four QTL.
The OSR.IPBB-14 was located in the interval 0-26.0 cM
at a relatively short distance from the Sr/RS4™g° mapped at
40.0 cM (Yu et al., 2014), and two QTL described in other
studies (Yu et al., 2012; Bajgain et al., 2016). The next QTL
OSR.IPBB-2B lies in the interval 73.8-108.2 ¢cM and overlaps
with three mapped Sr genes (Sr9, Sr 36, and Sr40) and adjoins
Sr28 (see Fig. 3), as well as several QTL for SR from literature
(Yuet al., 2012; Bajgain et al., 2015; Edae et al., 2018). Two
ofthese genes — Sr9 and Sr36 — were distinguished as effective
against the Western Siberian population of SR (Shamanin et
al., 2011). On the 3B chromosome, there are three identified
QTL for SR, but only OSR.IPBB-3B.1 was positioned in the
vicinity of previously mapped gene Sr2, and QTL for SR re-
sistance described by Elbasyoni with co-authors (Elbasyoni
et al., 2017). Notably, the Sr2 is the most important disease
resistance gene to be deployed in modern plant breeding and
provided partial resistance for many years over large areas and
under high and prolonged disease pressure in the field (Ellis
etal., 2014). Finally, the OSR.IPBB-6B.2 was positioned just
in 2.1 cM from Sril (see Supplementary 2).

The second group of QTL for SR resistance included as-
sociations that previously were not mentioned in Kazakhstan.
This group was comprised of five QTL located on chromo-
somes 2D, 3B, 4A, and 6B. The region 71.1-126.0 cM of
chromosome 2D, which is associated with the OSR.IPBB-2D,
has not been mentioned in connection with previous QTL for
SR mapping studies. The OSR.IPBB-2D demonstrated the
highest impact on the SR resistance in this study, explaining
22 % of the variation. Also, on the 3B chromosome, there is
OSR.IPBB-3B.3, which is another presumably novel QTL
for SR resistance in Kazakhstan. The QSR.IPBB-4A4 on the
4A chromosome resembles two SR-associated loci described
in previous studies (see Supplementary 2) (Basnet et al., 2015),
but it has no candidate Sr genes nearby. The remaining QTL
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OSR.IPBB-6B.1 was located in the short arm of the 6B chro-
mosome. It seems that the position of the OSR.IPBB-6B.1
is matching the position of QTL for SR resistance that was
previously described by Yu with co-authors (Yu et al., 2012).

Conclusion

The constructed RILs MP ‘Pamyati Azievax Paragon’ was
very efficient in the identification of QTL for LR and SR re-
sistance in bread wheat. The MP consisted of 98 RILs and
analyzed by using 4595 polymorphic SNP markers densely
populated all 21 wheat chromosomes. Field trials output sug-
gested a negative correlation between LR and SR severity and
key yield components in the North and South-East regions of
Kazakhstan. The CIM method allowed the identification of
ten QTL for LR and nine QTL SR resistance associated with
resistance to these two rust diseases. The comparative analysis
of the findings in this study and reports from previously pub-
lished data suggested that the majority of identified QTL were
well described in existed literature, confirming the robustness
of obtained results. Nevertheless, two QTL for SR identified in
the North region of the country were never described before,
and they are presumably novel genetic factors. Overall, identi-
fied QTL both for LR and SR resistances in newly developed
MP ‘Pamyati Azieva x Paragon’ can be efficiently used in local
breeding projects for higher yield in bread wheat.

References

Afzal S.N., Haque M.I.,, Ahmedani M.S., Rauf A., Munir M., Fir-
dous S.S, Rattu A.R., Ahmad I. Impact of stripe rust on the kernel
weight of the wheat varieties sown in rainfed area of Pakistan. Pak.
J. Bot. 2008;40(2):923-929.

Agabaeva A.Ch., Rsaliev Sh.S. Pathogenic properties of wheat leaf rust
pathogen (Puccinia triticina Erikss.) in Kazakhstan. Novosti Nauki
Kazakhstana = Science News of Kazakhstan. 2013;1:66-74. (in Rus-
sian)

Akhmetova A.K., Karataeva R.K., Suleimenov R.M., Zelensky Yu.l.,
Morgunov A.lL., Zhapaev R.K., Karabaev M.K. Test of cultivars and
lines of durum wheat for resistance to leaf rust in the conditions of
North Kazakhstan (Akmola region). Modern Microbiology in Rus-
sia. 2015;15:7-8. (in Russian)

Bajgain P., Rouse M.N., Bulli P., Bhavani S., Gordon T., Wanyera R.,
Njau P.N., Legesse W., Anderson J.A., Pumphrey M.O. Associa-
tion mapping of North American spring wheat breeding germplasm
reveals loci conferring resistance to Ug99 and other African stem
rust races. BMC Plant Biol. 2015;15:249. DOI 10.1186/s12870-015-
0628-9.

Bajgain P., Rouse M.N., Tsilo T.J., Macharia G.K., Bhavani S., Jin Y.,
Anderson J.A. Nested association mapping of stem rust resistance
in wheat using genotyping by sequencing. PLoS One. 2016;11(5):
e0155760. DOI 10.1371/journal.pone.0155760.

Basnet B.R., Singh S., Lopez-Vera E.E., Huerta-Espino J., Bhavani S.,
Jin'Y., Rouse M.N., Singh R.P. Molecular mapping and validation of
SrND643: a new wheat gene for resistance to the stem rust patho-
gen Ug99 race group. Phytopathology. 2015;105(4):470-476. DOI
10.1094/PHYTO-01-14-0016-R.

Bhardwaj S.C., Prashar M., Prasad P. Ug99-Future Challenges. In:
Goyal A., Manoharachary C. (Eds.). Future Challenges in Crop Pro-
tection Against Fungal Pathogens. Fungal Biology. Springer, New
York, 2014.

Bolton M.D., Kolmer J.A., Garvin D.F. Wheat leaf rust caused by Puc-
cinia triticina. Mol. Plant Pathol. 2008;9(5):563-575. DOI 10.1111/
j.1364-3703.2008.00487..x.

Bushnell W.R., Roelfs A.P. (Eds.). The Cereal Rusts. Vol. 1. Origins,
Specificity, Structure, and Physiology. Academic Press, 1984.

894

QTLs for resistance to leaf and stem rusts
using bread wheat population ‘Pamyati Azieva x Paragon’

Chu C., Friesen T.L., Xu S.S., Faris J.D., Kolmer J.A. Identification
of novel QTLs for seedling and adult plant leaf rust resistance in a
wheat doubled haploid population. Theor. Appl. Genet. 2009;119(2):
263-269. DOI 10.1007/s00122-009-1035-0.

Doyle J.J., Doyle J.L. Isolation of plant DNA from fresh tissue. Focus.
1990;12:13-15.

Edae E.A., Pumphrey M.O., Rouse M.N. A Genome-Wide Associa-
tion Study of field and seedling response to individual stem rust
pathogen races reveals combinations of race-specific genes in north
American spring wheat. Front. Plant Sci. 2018;9:52. DOI 10.3389/
1pl1s.2018.00052.

Elbasyoni ., EI-Orabey W.M., Baenziger P.S., Eskridge K. Association
mapping for leaf and stem rust resistance using worldwide spring
wheat collection. Asian J. Biol. 2017;4(3):1-25. DOI 10.9734/
AJOB/2017/38120.

Ellis J.G., Lagudah E.S., Spielmeyer W., Dodds P.N. The past, present
and future of breeding rust resistant wheat. Front. Plant Sci. 2014;
5:641. DOI 10.3389/fpls.2014.00641.

Gao L., Turner M.K., Chao S., Kolmer J., Anderson J. Genome Wide
Association Study of seedling and adult plant leaf rust resistance in
elite spring wheat breeding lines. PLoS One. 2016;11(2):e0148671.
DOI 10.1371/journal.pone.0148671.

Goutam U., Kukreja S., Yadav R., Salaria N., Thakur K., Goyal A.K.
Recent trends and perspectives of molecular markers against fun-
gal diseases in wheat. Front. Microbiol. 2015;6:861. DOI 10.3389/
fmicb.2015.00861.

Gultyaeva E.L, Shaydayuk E.L., Shamanin V.P., Akhmetova A.K.,
Tyunin V.A., Shreider E.R., Kashina 1.V., Eroshenko L.A., Sere-
da G.A., Morgunov A.I. Genetic structure of Russian and Kazakh-
stani leaf rust causative agent Puccinia triticina Erikss. populations
as assessed by virulence profiles and SSR markers. Agricultural Bio-
logy. 2018;53(1):85-95. DOI 10.15389/agrobiology.2018.1.85eng.

Kokhmetova A.M., Atishova M.N. Identification of stem rust resistance
sources in wheat by using molecular markers. Vavilovskii Zhurnal
Genetiki i Selektsii = Vavilov Journal of Genetics and Breeding.
2012;16(1):132-141. (in Russian)

Kokhmetova A.M., Sedlovsky A.l., Tyupina L.N., Esenbekova G.T.
Identification of rust resistant wheat germplasm using genetic and
molecular markers. Byulleten” GNBS = Bulletin of the State Nikita
Botanical Gardens. 2009;99:41-45. (in Russian)

Koyshybaev M. The role of disease-resistant cultivars in the integrated
protection of wheat. Zashchita i Karantin Rastenii = Plant Protection
and Quarantine. 2010;3:30-33. (in Russian)

Koyshybaev M. Wheat Diseases. Ankara: Turkey, 2018. (in Russian)

Koyshybaev M., Kanafin B.K., Fedorenko E.N., Gots A.Yu., Litovchen-
ko Zh.I. Stability sources of spring soft wheat to types of rust and
Septoria in North Kazakhstan. Int. Res. J. 2017;12(66):117-122.
DOI 10.23670/IRJ.2017.66.098. (in Russian)

Kumar A., Chhuneja P, Jain S., Kaur S., Balyan H.S., Gupta P.K.
Mapping main effect QTL and epistatic interactions for leaf rust
and yellow rust using high density ITMI linkage map. AJCS. 2013;
7(4):492-499.

Mains E.B., Jackson H.S. Physiologic specialization in the leaf rust
of wheat Puccinia triticina Erikss. Phytopathology. 1926;16(2):
89-120.

Mclntosh R.A., Dubcovsky J., Rogers W.J., Morris C.F., Xia X.C. Cata-
logue of Gene Symbols for Wheat: 2017 Supplement.

Mclntosh R.A., Devos K.M., Dubcovsky J., Rogers W.J., Morris C.F.,
Appels R., Somers J., Anderson O.A. Catalogue of Gene Symbols
for Wheat: 2007 Supplement.

Mclntosh R.A., Hart G.E., Devos K.M., Gale M.D., Rogers W.J. Cata-
logue of Gene Symbols for Wheat: 1998 Supplement.

Muhammad S., Ahmad A., Awan F.S., Khan A.L, Qasim M., Reh-
man A., Rehman A., Javed M.A., Manzoor I., Sajjad M. Genome
wide association analysis for leaf rust resistance in spring wheat
(Triticum aestivum L.) germplasm. Int. J. Agric. Biol. 2018;20:1117-
1122. DOI 10.17957/1JAB/15.0765.

BaBunosckuii XypHan reHeTuku u cenekuyum / Vavilov Journal of Genetics and Breeding - 201923 - 7



10.A. TeHuneBckas, E.H. DegopeHko, A.T. Capbaes
A.bl. Amanosa, C.M. Abyranuesa, C. pudduc, EK. Typycnekos

Peterson R.F., Campbell A.B., Hannah A.E. A diagrammatic scale for
estimating rust intensity on leaves and stems of cereals. Can. J. Res.
1948;26:496-500.

Price A.H. Believe it or not, QTLs are accurate! Trends Plant Sci. 2006;
11:213-216. DOI 10.1016/j.tplants.2006.03.006.

Quarrie S.A., Steed A., Calestani C., Semikhodskii A., Lebreton C.,
Chinoy C., Steele N., Pljevljakusi¢ D., Waterman E., Weyen J.,
Schondelmaier J., Habash D.Z., Farmer P., Saker L., Clarkson D.T.,
Abugalieva A., Yessimbekova M., Turuspekov Y., Abugalieva S.,
Tuberosa R., Sanguineti M.-C., Hollington P.A., Aragués R.,
Royo A., Dodig D. A high-density genetic map of hexaploid wheat
(Triticum aestivum L.) from the cross Chinese Spring x SQ1 and its
use to compare QTLs for grain yield across a range of environments.
Theor. Appl. Genet. 2005;110(5):865-880. DOI 10.1007/s00122-
004-1902-7.

Roelfs A., Singh R., Saari E.E. Rust diseases of wheat: concepts and
methods of disease management. CIMMY T, Mexico, 1992.

Rsaliev A.S. Wheat stem rust pathotypes in Kazakhstan. Zashchita i
Karantin Rastenii = Plant Protection and Quarantine. 2011;10:41.
(in Russian)

Rsaliev Sh.S., Koyshybaev M.K., Morgunov A.l., Kolmer D. Analysis
of the composition of the stem and leaf rust of wheat in Kazakhstan.
In: Modern Problems of Plant Protection and Quarantine: Collection
of articles of the Int. scientific-practical conf. Almaty. 2005;1:267-
272. (in Russian)

Shamanin V.P., Morgunov A.I., Manes Y., Zelensky Yu.l., Chursin A.S.,
Levshunov M.A. Breeding of spring common wheat for resistance
to local populations and virulent race Ug99 of stem rust in West Si-
beria. Vavilovskii Zhurnal Genetiki i Selektsii = Vavilov Journal of
Genetics and Breeding. 2010;14(2):223-231. (in Russian)

Shamanin V.P., Pototskaya 1.V., Kuzmina S.P., Trushchenko A.Yu.,
Chursin A.S. Selection of spring wheat for resistance to brown and
stem rust in Western Siberia. Omskii Nauchnyi Vestnik = Omsk Sci-
entific Bulletin. 2011;1(104):255-257. (in Russian)

Singh R.P., Hodson D.P., Huerta-Espino J., Jin Y., Bhavani S., Njau P.,
Herrera-Foessel S., Singh PK., Singh S., Govindan V. The emer-
gence of Ug99 races of the stem rust fungus is a threat to world
wheat production. Annu. Rev. Phytopathol. 2011;49:465-481. DOI
10.1146/annurev-phyto-072910-095423.

Soko T., Bender C.M., Prins R., Pretorius Z.A. Yield loss asso-
ciated with different levels of stem rust resistance in bread wheat.

ORCID ID

Y. Genievskaya orcid.org/0000-0001-5987-2952
A. Amalova orcid.org/0000-0002-7903-3467

S. Abugalieva orcid.org/0000-0002-9748-507X
Y. Turuspekov orcid.org/0000-0001-8590-1745

2019
23.7

Npoentndurkauma QTL ycTonunBoCTU K IMCTOBON
1 CTEGNEBOW pPXKaBUMHAM MATKOW MLIEHWLbI

Plant Dis. 2018;102(12):2531-2538. DOI 10.1094/PDIS-02-18-
0307-RE.

Stakman E.C., Stewart D.M., Loegering W.Q. Identification of phy-
siologic races of Puccinia graminis var. tritici. U.S. Agric. Res. Serv.
1962;617:1-53.

Turuspekov Y., Baibulatova A., Yermekbayev K., Tokhetova L., Chudi-
nov V., Sereda G., Ganal M., Griffiths S., Abugalieva S. GWAS for
plant growth stages and yield components in spring wheat (7riticum
aestivum L.) harvested in three regions of Kazakhstan. BMC Plant
Biol. 2017a;17(Suppl.1):190. DOI 10.1186/s12870-017-1131-2.

Turuspekov Y., Plieske J., Ganal M., Akhunov E. Phylogenetic analysis
of wheat cultivars in Kazakhstan based on the wheat 90 K single
nucleotide polymorphism array. Plant Genet. Resour. 2017b;15(1):
29-35.DOI 10.1017/S1479262115000325.

Voorrips R.E. MapChart: Software for the graphical presentation of
linkage maps and QTLs. J. Hered. 2002;93(1):77-78. DOI 10.1093/
jhered/93.1.77.

Xu'Y., Li P, Yang Z., Xu C. Genetic mapping of quantitative trait loci
in crops. Crop J. 2017;5(2):175-184. DOI 10.1016/1.¢j.2016.06.003.

Yang Z., Chen Z., Peng Z., Yu Y., Liao M., Wei S. Development of a
high-density linkage map and mapping of the three-pistil gene (Pis/)
in wheat using GBS markers. BMC Genomics. 2017;18:567. DOI
10.1186/s12864-017-3960-7.

Yu L., Barbier H., Rouse M.N., Singh S., Singh R.P., Bhavani S., Huer-
ta-Espino J., Sorrells M.E. A consensus map for Ug99 stem rust re-
sistance loci in wheat. Theor. Appl. Genet. 2014;127(7):1561-1581.
DOI 10.1007/s00122-014-2326-7.

Yu L.X., Morgounov A., Wanyera R., Keser M., Singh S.K., Sorrells M.
Identification of Ug99 stem rust resistance loci in winter wheat
germplasm using genome-wide association analysis. Theor. Appl.
Genet. 2012;125(4):749-758. DOI 10.1007/500122-012-1867-x.

Zadoks J.C., Chang T.T., Konzak C.F. A decimal code for the growth
stages of cereals. Weed Res. 1974;14:415-421.

Zhang D., Bowden R., Bai G. A method to linearize Stakman infec-
tion type ratings for statistical analysis. In: McIntosh R. (Ed.). Pro-
ceedings Borlaug Global Rust Initiative 2011 Technical Workshop.
Saint Paul, Minnesota, USA, 2011.

Zhang P., Yin G., Zhou Y., Qi A., Gao F., Xia X., He Z., Li Z., Liu D.
QTL mapping of adult-plant resistance to leaf rust in the wheat cross
Zhou 8425b/Chinese Spring using high-density SNP markers. Front.
Plant Sci. 2017;8:793. DOI 10.3389/1pls.2017.00793.

Acknowledgements. This work was done in the framework of the project “Development of new DNA markers associated with the resistance of bread
wheat to the most dangerous fungal diseases in Kazakhstan”in Program “Development of the innovative systems for increasing the resistance of wheat
varieties to especially dangerous diseases in the Republic of Kazakhstan” BR06249329 supported by the Ministry of Agriculture of the Republic of

Kazakhstan.
Conflict of interest. The authors declare no conflict of interest.

Received August 21, 2019. Revised September 23, 2019. Accepted September 23, 2019.

YCTONYNBOCTb PACTEHUWN K BUOTUYECKUM OAKTOPAM / RESISTANCE OF PLANTS TO BIOTIC FACTORS

895



YCTOMYMBOCTb PACTEHU K BUOTUYECKUM OAKTOPAM BaBnnoBcKui xxypHan reHeTukn n cenekummn. 2019;23(7):896-901

OpwurnHanbHoe nccneposanue/ Original article DOI 10.18699/VJ19.564

YAK 633.521:575.22

The Fifth International Scientific Conference PlantGen2019

The cinnamyl alcohol dehydrogenase gene family is involved
in the response to Fusarium oxysporum in resistant
and susceptible flax genotypes

R.O. Novakovsl<iy1, L.V. Povkhoval’ 2, G.S. Krasnovl, T.A. Rozhminal' 3, A.A. Zhuchenko® 4, L.P. Kudryavtseva3, E.N. Pushkoval,
P. Kezimanal 2, A.V. Kudryavtseval, A.A. Dmitrievl, N.V. Melnikova! ®

1 Engelhardt Institute of Molecular Biology, Russian Academy of Sciences, Moscow, Russia

2 Moscow Institute of Physics and Technology, Dolgoprudny, Moscow Region, Russia

3 Federal Research Center for Bast Fiber Crops, Torzhok, Russia

4 All-Russian Horticultural Institute for Breeding, Agrotechnology and Nursery, Moscow, Russia
> Peoples’ Friendship University of Russia (RUDN University), Moscow, Russia

& e-mail: mnv-4529264@yandex.ru

Flax (Linum usitatissimum L.) is used for the production of textile, oils, pharmaceuticals, and composite materials.
Fusarium wilt, caused by the fungus Fusarium oxysporum f. sp. lini, is a very harmful disease that reduces flax pro-
duction. Flax cultivars that are resistant to Fusarium wilt have been developed, and the genes that are involved in
the host response to F. oxysporum have been identified. However, the mechanisms underlying resistance to this
pathogen remain unclear. In the present study, we used transcriptome sequencing data obtained from susceptible
and resistant flax genotypes grown under control conditions or F. oxysporum infection. Approximately 250 million
reads, generated with an Illlumina NextSeq instrument, were analyzed. After filtering to exclude the F. oxysporum
transcriptome, the remaining reads were mapped to the L. usitatissimum genome and quantified. Then, the expres-
sion levels of cinnamyl alcohol dehydrogenase (CAD) family genes, which are known to be involved in the response
to F. oxysporum, were evaluated in resistant and susceptible flax genotypes. Expression alterations in response to
the pathogen were detected for all 13 examined CAD genes. The most significant differences in expression between
control and infected plants were observed for CAD1B, CAD4A, CAD5A, and CAD5B, with strong upregulation of
CAD1B, CAD5A, and CAD5B and strong downregulation of CAD4A. When plants were grown under the same condi-
tions, the expression levels were similar in all studied flax genotypes for most CAD genes, and statistically significant
differences in expression between resistant and susceptible genotypes were only observed for CADTA. Our study
indicates the strong involvement of CAD genes in flax response to F. oxysporum but brings no evidence of their role
as resistance gene candidates. These findings contribute to the understanding of the mechanisms underlying the
response of flax to F. oxysporum infection and the role of CAD genes in stress resistance.

Key words: flax; Linum usitatissimum; resistant cultivars; Fusarium oxysporum; RNA-Seq; transcriptome; CAD.
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BOBJIEUEHO B OTBET YVCTOMUMBBIX U BOCITPUMMYUMBBIX
IreHOTUIIOB JIbHA Ha 3apaskeHue Fusarium oxysporum
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NeH (Linum usitatissimum L.) ncnonb3yeTtca Ana Npon3BoACTBa TEKCTUNSA, Macen, GapMaLeBTUYECKMX NpenapaToB
1N KOMMO3UTHbIX MaTepunanoB. KpaiHe BpefOHOCHbIM 3ab0fieBaHMEM, CHUXKAIOWMNM YPOXKaNHOCTb NibHa, ABNAET-
ca dy3apuro3sHoe yBagaHue, BbibiBaemMoe rprbom Fusarium oxysporum f. sp. lini. Co3gaHbl ycTolumBble K dy3apu-
O03HOMY YBAJAHWIO COPTa NibHa 1 OnpefeneHbl reHbl, BOBMeYeHHble B OTBET Ha F. oxysporum, ofgHaKko MexaHu3mbl
ycTtonumsocTtu L. usitatissimum K 3Tomy natoreHy fo CUX nop HeAcHbl. B HacToALlem nccnefgoBaHnm Mbl MCNOJb30-
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CemelictBo reHoB CAD BoBneYeHO B OTBET JibHa
Ha 3aparkeHue Fusarium oxysporum

BaNW AaHHble CEKBEHVPOBAHMA TPAHCKPUMTOMOB BOCMIPUUMUUBBIX 1 YCTONYMBBIX T@HOTUMOB JIbHA, BblPaLLeHHbIX
B KOHTPOJbHbIX YCNOBUAX NN 3apakeHHbIX F. oxysporum. [poaHann3npoBaHo OKono 250 MUINIMOHOB NPOYTEHNIA,
nonyyeHHbIx Ha cekBeHaTope NextSeq lllumina. Mocne ¢dunbTpaLMM NPOUTEHMIN ANIA UCKIOYEHUA TPAHCKPUNTO-
Ma F. oxysporum ocCTaBLUMeCA NPOUYTEHUA KapTUPOBaNuM Ha reHoMm L. usitatissimum v npoBenu nx KONMYeCTBEHHbIN
aHanms. OueHunnm akcnpeccuio reHos cemenctea CAD, KOTopble, Kak M3BECTHO, yHacTBYIOT B OTBETE Ha 3apaxeHune
F. oxysporum, y yCTORU/BbIX 1 BOCMIPUMMUMBBIX K Py3aprOo3HOMY yBAAAHMIO reHOTUMOB. I3MeHeHne sKkcnpeccnm
B OTBET Ha BO3byAuTENA BbIABMAN ANA BCeX 13 nccnefoBaHHbix reHoB CAD. Hanbonee 3HaumTenbHble pasnvmuus B
SKCNPEeCCUn MeXAY KOHTPOJSIbHbIMU U MHPULMPOBAHHBIMU pacTeHnAMY Habnopanuce ans reHoB CAD1B, CAD4A,
CAD5A v CAD5B: cnnbHoe noBblleHre sKkcnpeccun BbisiBneHo ana CAD1B, CAD5A n CADS5B, a cunbHoOe CHUXKeHMe —
ana CAD4A. ina 6onbliHcTBa reHoB CAD ypoOBHM 3KCnpeccun 6bin 6Gnn3KUMK NPU OLUHAKOBBIX YCIOBUAX Bbi-
pawmBaHnA ANA BCeX M3YyUYeHHbIX TeHOTUMOB JibHa. CTaTUCTUYECKM 3HaUMMOe pasnnymne B U3MEeHEHMN SKCnpeccum
MeXAay rpynnamun yCToNYmBbIX 1 BOCMPUUMUMBBIX FEHOTUMNOB BbIABAEHO TONbKO AnA reHa CADTA. Hawe nccnego-
BaHMe yKa3blBaeT Ha akTBHoe yyacTue reHos CAD B oTBeTe pacTeHun NibHa Ha F. oxysporum, HO He MPUBOANT CBU-
[leTeNbCTB UX PONN B KayecTBe KaHAMAATOB B reHbl YCTOMYMBOCTU. [onyyeHHble pe3ynbTaTbl BHOCAT BKag B Mo-
HUMaHVe MexaHN3MOB OTBeTa JibHa Ha 3apaxeHue F. oxysporum v ponu reHoB CAD B yCTONYMBOCTU K CTPECCOBbIM
BO3JENCTBUAM.

KntoueBble cnioBa: neH; Linum usitatissimum; yctonumsble copta; Fusarium oxysporum; RNA-Seq; TpaHckpuntom; CAD.
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Introduction

Flax (Linum usitatissimum L.) is an agricultural crop with
numerous uses. High-quality fiber can be obtained from flax
stems and is used for the production of textile and fiber-based
materials for the healthcare, military, aerospace, and electro-
nics industries (Costa et al., 2018). Flaxseed is also used in
the production of pharmaceuticals, functional foods, and other
products for human consumption, while linseed is used in
paints, varnishes, and animal feed (Singh et al., 2011; Goyal
et al., 2014). Fusarium oxysporum f. sp. lini is a harmful
pathogen that reduces flax production and quality (Rashid,
2003). Flax genotypes showing resistance to Fusarium wilt
have been identified, and cultivars with improved resistance
have been bred (Diederichsen et al., 2008; Rozhmina et al.,
2017). However, the molecular mechanisms underlying
resistance to Fusarium wilt remain unclear, and the search
for genes involved in the response to F. oxysporum is an
area of active research. The involvement of pathogenesis-
related proteins in the response to F. oxysporum infection was
demonstrated (Wrobel-Kwiatkowska et al., 2004; Wojtasik
et al., 2014; Galindo-Gonzalez, Deyholos, 2016), and the
roles of antioxidants, polyamines, and phenolic compounds
in response to the pathogen were shown (Lorenc-Kukula et
al., 2007, 2009; Boba et al., 2011, 2016; Zeitoun et al., 2014,
Wojtasik et al., 2015). Moreover, F. oxysporum-infected flax
plants show cell wall rearrangements (Wojtasik et al., 2015,
2016; Boba et al., 2016).

Cinnamyl-alcohol dehydrogenases (CADs) are involved
in the biosynthesis of lignin, which can function as a barrier
against pathogens, and the role of C4AD genes in the response
to F oxysporum was previously shown (Wrobel-Kwiatkowska
et al., 2007; Preisner et al., 2014, 2018). Plants with downre-
gulated CAD showed reduced (Wrobel-Kwiatkowska et al.,
2007) or slightly decreased (Preisner et al., 2014) resistance to
F oxysporum. Sixteen CAD genes were identified in L. usita-
tissimum and their roles in plant growth and stress responses
were examined in the Nike cultivar, which is relatively resis-
tant to Fusarium infection (Preisner et al., 2018). In the present
study, we evaluated the expression of CAD genes in resistant
and susceptible flax genotypes under control conditions and
F. oxysporum infection to determine the general trends in
response to the pathogen and genotype-specific alterations
in expression.

YCTONYNBOCTb PACTEHUI K BUOTUYECKMM GAKTOPAM / RESISTANCE OF PLANTS TO BIOTIC FACTORS

Materials and methods

Two F. oxysporum-susceptible flax cultivars (TOST and APS),
two resistant cultivars (3896 and Dakota), and two resistant
BC,F; populations (3896 x AP5, recurrent parent AP5, and
Dakota x APS5, recurrent parent AP5) were used in the pre-
sent study. Seeds were obtained from the Institute for Flax
(Torzhok, Russia) and sterilized, first in 70 % ethanol for
1 min and then in 1 % sodium hypochlorite for 20 min. The
plants were grown in 15 ml glass tubes on Murashige—Skoog
medium in a growth chamber at 22 °C under a 16/8 h day/night
cycle for seven days. Then, half of the plants were inoculated
with F. oxysporum (pathogenic isolate #39 from the phyto-
pathogen collection of the Institute for Flax); the remaining
uninoculated plants were used as controls. Forty-eight hours
later, the root tips were collected and frozen in liquid nitrogen.
In total, the material was obtained from 240 plants.

Total RNA was extracted from the pooled plants (10—
12 plants each) using the RNeasy Plant Mini Kit (Qiagen,
USA). We obtained 24 RNA samples from the TOST, APS,
3896, Dakota, 3896 x AP5, and Dakota x AP5 plants under
control and infection in duplicate. The quality and concentra-
tion of the isolated RNA were evaluated using an Agilent 2100
Bioanalyzer (Agilent Technologies, USA) and Qubit 2.0 fluo-
rometer (Life Technologies, USA). The TruSeq Stranded Total
RNA Sample Prep Kit (Illumina, USA) was used to prepare
the cDNA library. The libraries were sequenced on a Next-
Seq500 sequencer (Illumina) with 80-nucleotide paired-end
reads (SRP119227, Sequence Read Archive).

Reads were trimmed using Trimmomatic (Bolger et al.,
2014) and filtered against the F. oxysporum reference genome
as described in our previous study (Dmitriev et al., 2017).
Then, the remaining reads were mapped to the L. usitatissi-
mum genome (GenBank assembly: GCA_000224295.2) using
STAR (Dobin et al., 2013) and quantified using BEDTools
(Quinlan, Hall, 2010). The genome sites where the CAD family
genes (CADIA4, CADIB, CAD2A4, CAD2B, CAD3A, CAD3B,
CAD4A,CAD4B, CAD5A, CAD5B, CAD6, CAD7, and CADS)
are localized were identified in the latest L. usitatissimum
genome assembly (GenBank assembly: GCA 000224295.2)
using the data of Preisner et al. (2018). Namely, the sequences
of the scaffold regions of the old L. usitatissimum genome
assembly (GenBank: AFSQ00000000.1) that encode CAD
transcripts were mapped to the latest L. usitatissimum ge-
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nome assembly (GCA 000224295.2) and new coordinates
were identified for the CAD transcripts. The counts per mil-
lion (CPM) values were determined for 13 CAD genes in
each cultivar and population under both control conditions
and Fusarium infection, and then the log(CPM Fusarium/
CPM control) values were calculated for each cultivar and
BC,F, population. This was performed using the equipment
of the Genome Center of Engelhardt Institute of Molecular
Biology (http://www.eimb.ru/rus/ckp/ccu_genome_c.php).

Results

In our previous study on the response of L. usitatissimum to
FE oxysporum, we used RNA-Seq data for de novo transcrip-
tome assembly and annotation and then quantified the expres-
sion levels of the identified transcripts (Dmitriev et al., 2017).
Unfortunately, we had failed to identify a significant number
of CAD family genes in our de novo transcriptome assembly.
In the present study, we used an improved assembly of the
L. usitatissimum genome (GCA_000224295.2), in which the
scaffolds were mapped to specific chromosomes, as a reference
for RNA-Seq read mapping, and CAD gene sequence data
(Preisner et al., 2018) were used to identify the genome sites in
which the CAD genes are located. This approach enabled us to
evaluate the expression levels of all presently identified CAD
genes in flax. Unique chromosome locations were determined
for CADIA, CADIB, CAD2A, CAD2B, CAD3A4, CAD3B,
CAD4A, CAD4B, CAD5A, CAD5B, CAD6, and CAD?7, while
CAD8A, CADSB, CADSC, and CADSED were mapped to the
same region of chromosome Lu7. Therefore, we performed
an expression analysis of CADIA, CAD1B, CAD2A, CAD2B,
CAD3A, CAD3B, CAD4A, CAD4B, CAD5A, CAD5B, CADG,
CAD7, and CADS genes.

The expression levels of the 13 CAD family genes in six
flax cultivars and populations grown under control conditions
or inoculated with a pathogenic isolate of £ oxysporum were
evaluated based on RNA-Seq data. The results are shown in the

The CAD gene family is involved in flax
response to Fusarium oxysporum infection

Figure, which presents the CPM values for each studied gene
in resistant (3896, Dakota, 3896 x AP5, and Dakota x AP5)
and susceptible (TOST and APS) genotypes under control
conditions and 48 h after inoculation with F. oxysporum
in biological replicates. Under both conditions, the expres-
sion levels of CAD5A and CADG6 were the highest, and the
expression levels of CAD24, CAD3A, CAD3B, and CADS
were the lowest. Compared to control conditions, statistically
significant alterations in expression under Fusarium infection
were observed for all 13 genes (p <0.01 for all genes except
CAD2B, which was p < 0.05, Mann—Whitney test). The most
significant differences in expression between the control and
infected plants were observed for CAD1B, CAD4A, CAD5A,
and CADS5B; CADIB, CAD5A, and CADS5B showed strong up-
regulation under F. oxysporum infection, and CAD4A showed
strong downregulation. Under the same conditions, the expres-
sion levels were similar in all studied flax genotypes for most
CAD genes; however, some exceptions were observed. For
example, the expression levels of CAD34, CAD3B, CAD4A,
and CAD4B in the infected plants of the 3896 x AP5 population
were higher than those in other infected genotypes.

To identify genotype-specific expression alterations in
response to F. oxysporum infection, the log(CPM Fusarium/
CPM control) values were calculated (see the Table). In all
studied genotypes, the most significant (more than 3-fold in
average) increases in expression were observed for CADIB,
CADS5A, and CADS5B, while the most significant decreases in
expression were observed for CAD4A. For CAD2A, CAD3A4,
CAD3B, CAD4B, and CAD6, downregulation was observed
in the majority of genotypes after £ oxysporum infection. For
CAD2B, CAD7, and CADS, the decrease in expression was
only slight, and for some genotypes, no decrease was observed.
Statistically significant differences in expression between
resistant (3896, Dakota, 3896 x APS, and Dakota x AP5) and
susceptible (TOST and AP5) genotypes were only observed
for the CAD1A4 gene (p < 0.05, Mann—Whitney test).

Expression alterations in the CAD genes of F. oxysporum resistant and susceptible flax cultivars and populations

Gene log(CPM Fusarium/CPM control)

* A 3-fold difference between biological replicates was observed for the CAD2A gene in cultivar 3896 under Fusarium infection (see the Figure).
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Discussion

Recent progress in molecular analysis has provided novel
opportunities for plant studies (Kage et al., 2015; Poland,
2015). Using high-throughput sequencing, genome and tran-
scriptome sequences for many plant species can be obtained
in a short time period and used for further research (Varshney
et al., 2009; He et al., 2014). The draft genome sequence for
flax was obtained in 2012 (Wang et al., 2012), and in 2018,
the genome assembly was improved and chromosome-scale
pseudomolecules were obtained using BioNano genome opti-
cal mapping (You et al., 2018). Flax transcriptomes and small
RNAs obtained from different tissues, development stages,
and under biotic and abiotic stresses have been sequenced.
Such data has enabled the identification of genes and miRNAs
that are expressed in particular organs and in the definite time
and could play key roles in plant development, as well as
the discovery of genes and miRNAs with altered expression
under unfavorable conditions that are likely involved in the re-
sponse to stress (Yu et al., 2014, 2016; Melnikova et al., 2015,
2016; Dmitriev et al., 2016, 2017, 2019; Galindo-Gonzalez,
Deyholos, 2016; Dash et al., 2017; Gorshkova et al., 2018;
Zyablitsin et al., 2018; Gorshkov et al., 2019; Krasnov et al.,
2019; Wu et al., 2019).

In the present study, we used RNA-Seq data from F. oxyspo-
rum-resistant (3896, Dakota, 3896 x AP5, and Dakota x AP5)
and -susceptible (TOST and AP5) flax genotypes grown under
control conditions or 48 h after inoculation with F. oxyspo-
rum to evaluate the expression of CADI1A4, CADIB, CAD2A,
CAD2B, CAD3A4, CAD3B, CAD4A4, CAD4B, CAD5A, CADS5B,
CADG6, CAD7, and CADS and identified the CAD genes that
were involved in the response to the pathogen. The genes
showed different expression changes after F. oxysporum
infection: in most genotypes, CADIA, CADI1B, CAD54, and
CADS5B were upregulated, while CAD2A, CAD2B, CAD3A4,
CAD3B, CAD4A, CAD4B, CAD6, CAD7, and CADS8 were
downregulated. In the study by Preisner et al. (2018), de-
creased expression was observed for most CAD genes at
24 and 96 h after F. oxysporum infection in the flax cultivar
Nike. In the present study, the greatest expression changes in
infected plants were observed for CAD1B, CAD4A, CAD5A,
and CADSB; three of these genes were upregulated, while
CAD4A was downregulated. Our data for CADIB, CAD44,
CAD5A, and CADSB are consistent with the results of the
previous study at 24 h after infection (Preisner et al., 2018).
However, the changes observed by us were more significant,
with a 3-5-fold change for CADIB, a 2-5-fold change for
CAD4A4, a 4—13-fold change for CAD5A, and a 4—12-fold
change for CADS5B. Based on our results, we suggest that
CADIB, CAD4A, CAD5A, and CADS5B are the most involved
in the response of flax to F. oxysporum.

Searching for genes with diverse expression alterations in
resistant and susceptible genotypes under stress conditions
is important for the identification of resistance genes. In
our study, statistically significant differences in expression
between resistant and susceptible genotypes in response to
the pathogen were observed only for CADIA. Therefore,
this gene could be involved in resistance to F. oxysporum.
However, the changes were not pronounced. Thus, further
investigations are necessary.

200

The CAD gene family is involved in flax
response to Fusarium oxysporum infection

Conclusion

We performed expression analysis of C4AD family genes after
F. oxysporum inoculation based on RNA-Seq data and iden-
tified genes with significant up- and down-regulation after
pathogen infection. The results of the present study indicate
the involvement of CAD genes in response to Fusarium infec-
tion, but their role as resistance genes in the studied cultivars
and populations is questionable. Our data also contribute to
the understanding of the role of CAD genes in stress response
and resistance.
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K poay Allium L. (cem. Amaryllidaceae), camoMy MHOroUYMCIEeHHOMY Cpefrt OLHOAOMNbHbIX PACTEHUI, OTHOCATCA Ta-
Kne 3KOHOMUYECKM 3HauMMble OBOLLHbIe KyNbTYpbl, Kak NyK penuatbin (A. cepa), yecHoK (A. sativum) n nyk-nopen
(A. porrum). Jlyk-nopei o6nafaeT BbICOKAMY BKYCOBbIMM KauyeCTBamy M AOKa3aHHbIMY LIEHHBbIMW AVETUYECKAMU
CBOWCTBaMM U ABNAETCA OLHOW M3 CaMblX MOMYNAPHbIX OBOLHbIX KynbTyp B 3anagHol EBpone. HecmoTps Ha Bbl-
COKYI0 3HAUMMOCTb JlyKa-nopes Kak OBOLLHOW KyNbTypbl, 3TOT BUA PEAKO ObiBaeT 06beKTOM MONEKYNAPHO-TeHe-
TUYECKNX UcCcnefoBaHNiA. [eHeTMYeckoe pasHoobpasue fyka-nopea nNpakTnyeckn He nsyyanu paHee. Mostomy B
HacTosLlel paboTe Ha WNPOKOW BbiGOpKe 06pa3sLioB 13yUyeHa BaprabenbHocTb agepHoro (metog AFLP) u xnopo-
NNacTHOro (aHanu3 HyKNeoTMAHbIX NOCNefoBaTeNIbHOCTEN) reHOMOB. [1nA npoBefeHnA paboTbl 6b110 0To6paHo 65
06pasLoB NyKa-nopes 13 konnekuynyn OefepanbHOro Hay4YHoOro LieHTpa OBOLLEBO/CTBA, KOTOPas BKIouYana copTa
oTeYeCTBEHHON 1 3apybexHol cenekunn. B pesynbrate npoBepeHna AFLP-aHanmsa n o6paboTku nonyyeHHbIX
[HK-cnekTpoB ngeHtndurumpoaHo 760 ¢parMeHTOB, 13 KOTOPbIX 716 6b11n nonMmopdHbl ANA aHann3mpyemblx
06pa3uoB nyka-nopes. PaccumtaHHble FreHeTNYeCKMe paccToAHUA Mexay o6pa3uamm iyka-nopea Bapbuposanu ot
0.4 po 0.76, 4TO CONOCTABMUMO C BHYTPVBULOBbLIM MOAMMOPOU3MOM POACTBEHHbIX BULOB Allium (nyk penuaTbiii,
YeCHOK). AHann3 reHoMHoW cTpyKTypbl B nporpamme STRUCTURE 2.3.4 pasgenvn nccnepyemble o6pasubl nyKa-no-
pes Ha ceMb rpynn, YTO B LIeJIOM COBMafaeT C Knactepusaumen 3Trx o6pasLoB no pesynbrataM KnacTepHOro aHa-
nu3a. 1na oueHKn BaprabenbHOCTH XJIOPOMNACTHOrO FEHOMaA Y aHanM3mpyemblx 06pasLoB Jlyka-nopesa 6bin cek-
BEHMPOBaHbl AeBATb YYaCTKOB XJIOPOMIACTHOrO reHOMA, Kak HEKOAMPYIOLME: MeXreHHble cnencepsl rpl32-trnlL,
ndhJ-trnL v NHTPOH reHa rps16, Tak n 6enok-kogupyoLme: reHbl psaA, psaB, psbA, psbB, psbE, petB. MpoBeaeHHbIN
aHanm3 yyacTKOB X/IOPOMIaCTHOIO reHOMa JlyKa-rnopes BbIABW KpaiiHe HU3KUiA YPOBEHb UX Nnonumopdusma, 6biino
o6Hapy»keHo Bcero wecTb SNP B M3yUYeHHbIX NOCNeA0BaTENIbHOCTAX CyMMapHON afiHol okono 10500 n.H. Takum
06pa3om, B pesynbTaTe paboTbl Obi yCTaHOB/EH BbICOKMI ypOBeHb Nonmmopdursma saepHoOro reHoma nyka-nopes,
npwvi 3ToM NoAMMopdU3M XJIOPOMIACTHOIO FEHOMa OKa3asca KpaHe HU3KMM.

KnioueBble crioBa: nyk-nopeit; Allium porrum; AFLP; reHeTnyeckoe pa3HoO6pasue; aHasim3 reHOMA; XNOPOonacTHbI
reHoM.

Ana untupoBaHua: AbayeHko E.A., Cepeant T.M., OuniowmH M.A. CpaBHMTeNIbHAA OLeHKa BapnabesibHOCTY saep-
HOFO 1 XJIOPOMNACTHOrO reHoMa Nyka-nopes (Allium porrum L.). BaBUNOBCKNIA XKypHas reHeTuKN 1 cenekumm. 2019;
23(7):902-909. DOI 10.18699/VJ19.565

Nuclear and chloroplast genome variability
in leek (Allium porrum L.)
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The genus Allium L. (Amaryllidaceae), the most numerous among monocotyledonous plants, includes such
economically important vegetable crops as onion (A. cepa), garlic (A. sativum) and leek (A. porrum). Leek has a high
taste and proven valuable dietary properties and is one of the most popular vegetable crops in Western Europe.
Despite a high importance of leek as a vegetable, this species is rarely the subject of molecular genetic studies. The
genetic diversity of leeks has never been studied before. Therefore, in this work, we studied the nuclear variability
(AFLP) and the chloroplast (nucleotide sequence analysis) genomes using a broad sample. For this work, 65 leek
accessions were selected from the collection of the Scientific Center of Vegetable Crops, which included varieties
of domestic and foreign breeding. As a result of an AFLP analysis and processing of the DNA spectra obtained, 760
fragments were identified, of which 716 were polymorphic for the leek accessions being analyzed. The calculated
genetic distances between the leek samples varied from 0.4 to 0.76, which is comparable to the intraspecific
polymorphism of related Allium species (onions, garlic). Analysis of the genomic structure with STRUCTURE 2.3.4
divided the leek samples into seven groups, which generally coincides with the clustering of these samples. To

© [IbaveHko E.A., CepegnH T.M., OunownH M.A,, 2019



E.A. Obayenko, TM. CepeanH
M.A. QuntowmH

2019
23.7

CpaBHUTeNbHasA oLeHKa BaprabenbHOCTU AfEPHOrO
1 XJIOPOMNIacTHOro reHoma nyka-nopesn (Allium porrum L.)

assess the variability of the chloroplast genome, nine sites of the chloroplast genome were sequenced in the leek
samples, both non-coding (intergenic spacers rpl32-trnL, ndhJ-trnL, and intron rps16 gene), and protein coding
genes (psaA, psaB, psbA, psbB, psbE, petB). The analysis of the sites of the leek chloroplast genome revealed an
extremely low level of their polymorphism, only six SNPs were detected in the studied sequences with a total
length of about 10,500 bp. Thus, as a result of this work, a high level of polymorphism of the leek nuclear genome
was revealed, while the polymorphism of the chloroplast genome was extremely low.

Key words: leek; Allium porrum; AFLP; genetic diversity; genome analysis; chloroplast genome.

For citation: Dyachenko E.A., Seredin T.M,, Filyushin M.A. Nuclear and chloroplast genome variability in leek (Allium
porrum L.). Vavilovskii Zhurnal Genetiki i Selektsii =Vavilov Journal of Genetics and Breeding. 2019;23(7):902-909.
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BBepeHune

Pon Allium L. (cem. Amaryllidaceae) — campIii MHOTOYHC-
JICHHBIN Cpely OTHOJIOIBHBIX pacTeHNH, 00bEANHSIET OKOJIO
1200 BUI0OB, KaXK/bIi TOJT OTIMCHIBAIOTCSI HOBBIE BUIBI JTYKOB
(Govaerts et al., 2018; Brullo et al., 2019). [IpencraBurenn
poxa pacnpoctpaHensl B CeBEpHOM IOyIIapUH, MHOTHE
BUJIBI SIBISIIOTCS dHAeMUKamu. K poay Allium oTHOCSTCS Takue
Ba)KHBIC CEITLCKOXO3AUCTBEHHBIC KYIBTYPHI, KaK JIyK perrda-
ThIi (4. cepa), 9ecHOK (A. sativum), nyk-tiopeit (4. porrum),
BO3/IEJIBIBACMbIC B HACTOSIIEE BPeMsI BO BCEM MHpE.

Jlyk-miopeii — IeHHasl OBOIIHAS KYJIBTYpa C JIBYXJICTHHM
[UKJIOM BBIpAIIMBAaHMsI. B MUIy MPUTOIHO MPaKTUYCCKU
BCC PACTCHHUE — YTOJIIICHHBIN JIOXKHBIA CTEOCIh U IIMPOKHE
3eJIeHbIe TMHEHHO-IaHIIeTHRIC JIUCThsI. O0e yacTu comepiKar
Ba)KHBIC IS JIUCTHI YEIIOBEKA BTOPHYHBIC META0OUTHI: cepa-
OopraHuveckue, MonuQeHoIbHbIe coeInHeHns, BUTaMuH C
(Bernaertetal., 2014; Aradonos, /Iyoos, 2018). Beicokue BKy-
COBBIC KayecTBa M JJOKa3aHHBIC [ICHHBIC TUETHUECKUE CBOM-
CTBa C/AeTaIu JyK-1opei nomynspHsM B EBpornie, CeBepHoit
Awmepuke u Aznuu. ExxerogHoe IpOU3BOACTBO 3TOH KYJIBTYPHI
cocrapysier 6onee 2 MiH T B rof (1o qanaeiM FAO, 2017 1),
KPYITHEHUIIINM [TPOU3BOAUTEINIEM U ITOTpeOUTENEeM JTyKa-Tiopes
spisiercs 3amagaas Esporma (Soininen et al., 2014; Aradonos,
Jy6oB, 2018).

Kynerypy nyk-nopeii, croias nomynspHyto B 3amaaHoi Es-
porie, B Poccnu Hadany BEIpaniuBaTh CPABHUTEIFHO HEJABHO.
IlepBslii n3 0TeUeCTBEHHBIX COPTOB — KapaHTaHCKUI — BHECEH
B [ocynapcTBEeHHBIN peecTp CENEKUMOHHBIX JTOCTH)XCHUH,
JIOTTYTIIEHHBIX K ucrons3oBanuio (T'occoptpeectp) B 1961 1.,
1 TOJIBKO ¢ 1993 . 3TOT ciMCOK Ha4a pacIIupAThCS, BKIIIO-
Yasi K HACTOAIIEMY BPEMEHH 27 COPTOB, IPEUMYIIIECTBEHHO
3anaHoeBponeickoi cenekuuu. B Poccuiickoit @enepaunn
aKTHBHAs CEJCKIMA JyKa-nopes Benercs B depepabHOM
Hay4qHOM IieHTpe oBorieBoacTsa (DHIIO), Ha ceromHsmHui
JICHb YEeTHIpE COpTa JIyKa-1opesi BKIII0YeHHI B [occopTpeectp.

Jlyk-miopeil — MomyisipHbId OOBEKT JUIsi OMOXMMHUECKUX
uccnenoBanuii (Bernaert et al., 2013, 2014; Soininen et al.,
2014), onHaKo TeHHBIC ¥ TEHOMHBIC CCIICAOBAHNUS ITOU KYyJIb-
TYpBI paHee MPAKTUUECKN He TPOBOIHIIN. Tak, ObLT onpesiesieH
TPAHCKPHUITOM JIHCTA JIyKa-1opesi, KOTOPBIH HCIONIb30BaIN
JUTSE CPAaBHUTEIFHOTO aHAIN3a SKCIIPECCHH TCHOB y BUIOB
Allium c pazmnunoit mopdonorueit micra (Zhu et al., 2017).
Metonamu AFLP 1 ISSR u3y4eHbl reHOMHBIH TOTUMOP(HU3M
16 00pas31oB TyKa-1mopest ¥ BHyTPHCOPTOBAs BapradeTbHOCTh
(®wnromuH u ap., 2011; GumronmH, Aradonos, 2015).

KomMruiekcHast orieHKa OHopa3zHo00pasusi, BKIIIOYAOIIAs,
TTOMHMO KJIACCHYIECKOTO MOP(HO(DU3NOIOTHIECKOTO OTIMCAHNUS
00pa3IoB, TeHOMHBIN aHaJIN3, CTAHOBUTCS B HACTOSIIIIEE Bpe-
Ms 0053aTeIbHON TS XapaKTePUCTUKU CeNTbCKOXO3SHCTBEH-
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HBIX BUJIOB pacTeHui. [loaToMy 1enbo Hamel paboThl cTaiu
OLICHKa ¥ CPAaBHUTEIIBHBIN aHaJIN3 BApHAOEITbHOCTH SIIEPHOTO
1 XJIOPOIUIACTHOTO T€HOMOB Y IIUPOKOH BEIOOPKH 00pa3IioB
JyKa-Tmopesl.

MaTeleaﬂbl n metogbl

Jlist n3ydenust ObIIM B3SITHI 65 00pa3noB JIyKa-Tiopest U3 KO-
nexunu deneparbHOrO HayYHOTO IIEHTPa OBOIIEBOACTBA (T10C.
BHUNCCOK, MockoBckas obnacts) (Tabm. 1). B xauectse
BHEIIHEH I'PYNITBI UCIIOIB30BAHBI POJICTBEHHBIC BH/BI W3
koyuiekuuu boranudeckoro cana Yausepcurera OcHaOprok
(I'epmanns), mpegocTasineHHbIe Tpodeccopom H. dprzenom:
A. ampeloprasum (xar. Ne 1023 u 1744, I'py3us), A. commuta-
tum (kat. No 1662, ®panuus) u A. pyrenaicum (xar. Ne 3018,
Wcnanus). JJHK Beigensnm u3 OATHIHEBHBIX TPOPOCTKOB
CTAB-MeTon10M € IBOWHOH AerpoTenHn3anueii xiaopodop-
MOM, IS BBIIETICHUS HCIIOIB30BaHU 10 10 MPOpOCTKOB Kax-
JIOTO COpTa AJIsl 0XBAaTa BO3MOKHOTO BHYTPHUCOPTOBOTO ITOJIH-
Mopdu3sma.

[oauMophu3M siIEpHOTO TEHOMa ONPENIENISIIIM METOIOM
AFLP, cormacHo cragmapTHOMYy mpoTokony (Vos et al.,
1995). B cBsi3u ¢ Tem, 4TO JIyK-IOpei uMeeT OobIIoii pas-
Mep redoma, s AFLP-ananu3a npuMmeHsn mpaiiMepHbie
KOMOMHAIINY C AEBSTHIO CEIEKTUBHBIMU HYKICOTHIAAMM:
E-ACT/M-CAAGCG n E-AGG/M-CAAGCG. U3 12 mpo-
TECTUPOBAHHBIX KOMOMHAIMH TOJBKO 3TH Mapbl MO3BOJIMIN
BBISIBUTH BHYTPHUBUI0BOI MOTMMOP(YH3M U TOIYIUTh ONTHU-
MallbHOE KoJM4ecTBO (parmenToB Ha resie. JJHK rugponmso-
BaJIM C IMOMOIIBI0 pectpukras EcoRl u Msel (Thermo Fisher
Scientific, CIIIA). IIpogykTsl aMIITH(QHUKAINN pa3aesuid B
6.5 % neHarypupyomeM NOIUAKPHIAMUAHOM Tele C Mo-
MOIIIbIO cucteMbl (hparmenTHoro anaianza LI-COR 4300 DNA
Analyzer (LI-COR Biosciences, CIIIA).

Omnpenenenne reaeTnueckux paccrossaui (1 —xoad. XKak-
Kapa) ¥ noctpoexue aexaporpammsl (Meron UPGMA) npo-
Bommu B miporpamme PAST3 (https://folk.uio.no/ohammer/
past/). [eHOMHYIO CTPYKTYpY BBISBISUIH C ITOMOIIBIO TPO-
rpammvbl STRUCTURE 2.3.4 (https://web.stanford.edu/group/
pritchardlab/structure.html) co cnemyronmu napameTpamu:
ADMIXTURE model c allele frequencies correlated, burn-in
500.000 u nymuuoit mporona 500.000 MCMC, uuciom knacre-
poB (set K) ot 2 1o 19. Haubomnee BeposTHOE YUCIIO KIACTEPOB
onpenensn mo Mmetonuke (Evanno et al., 2005).

Juist aHanmu3a nonuMopgu3Ma yuyacTKOB XJIOPOIIACTHO-
ro reHoMa ObUIM aMIUTM(UINPOBAHBI U CEKBEHHPOBAHBI
MEXTeHHbIe cneiicepsl rpl32-trnl w ndhJ-trnL, vHTpOH
reHa rps/6 (1OCnenoBaTeNIbHOCTH MpaiiMepoB B3SITHl U3
paboter (Shaw et al., 2007) u GeNOK-KOIUPYIOMNE TEHBI
psad (5'-CTTGACTGTTGGCGGGTCT-3"; 5'-GTAC
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Ta6nuua 1. O6pasubl nyka-nopes us konnekynn ®HLO, ncnonb3oBaHHble B paboTe
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CTpaHa npouncxoxgeHna*

Homep no katanory ®HLIO*

Homep no katanory BUP*

* Mpn Hanuunn.

CATAGTCAGTAGCTAGA-3"), psaB (5'-TTCTGGG
TGGAATTGCCAC-3"; 5'-ATAGCTCCATGAGCAAAG
GC-3"), psbA (5'-AGTACGTGTGCTTGGGAGT-3';
5'-TATAGCCCCTTCGTTCGAC-3"), psbB (5'-GTC
TATTGCAATGCGATAAAG-3"; 5'-ACCATAGAA
CTCAACAGTTAC-3"), psbE (5'-TCCCATCTTTCAC
CGAATC-3"; 5'-AGTCCGTGAATAGCTAACC-3"),
petB (5'-TGTGTTTCTGTTTGAGCCGT-3'; 5'-TATT
GTTCCTTCCCGATAGG-3"). Ipaiimepst miisi OeI0K-KO-
JTUPYIOIINX TeHOB OBUTH pa3paOoTaHBl HA OCHOBE CEKBEHH-
poBaHHBIX mIactoMoB BunoB A/lium (Filyushin et al., 2016,
2018). HykieoTuanpie MOCIEI0BATENHHOCTH BbIPABHUBAIU
n aHanusupoBanu B mporpamme MEGAT7.0 (https://www.
megasoftware.net/).

Pe3ynbTaTbl n 06CyXaeHMe

AFLP-anau3 siiepHOro reaoMa jgyka-nopest. C ucrnons3o-
BaHMEM OTOOpaHHBIX KomMOuHauuii npaiimepoB E-ACT/M-
CAAGCG n E-AGG/M-CAAGCG mnposenen AFLP-ananu3
SJIEPHOTO TeHOMa 65 00pa3loB JIyKa-Tmopesi, BKIFOYAIOIINX
CopTa OTCYCCTBECHHOM U 3apyOeKHOI cenekuuu. B pesynbsrare
aHanm3a u 06paboTku noxydeHHbx JIHK-crmexkTpoB naeH-
tuduuposano 760 ¢pparmenTos, 716 13 KOTOPHIX OBUIH ITO-
JUMOPQHBI ISl aHAIM3UPYEMbIX 00pa3ioB. PaccuntanHbie
TEeHETHYECKHE PACCTOSIHUSA MEXIY 0o0pasliaMu JyKa-Topest
Bapsuposaim ot 0.4 1o 0.76, a Mexy oOpasamu JIyka-o-
pest 1 BUJIaMH, B3STHIMH B KQU€CTBE BHELIHEH IPyIIIbI, — OT
0.65 mo 0.82.

Ha nennporpamme (puc. 1) Bce 006pasist A. porrum Gop-
MHUPOBAJIN €IUHBINA CyOKIIacTep, a BUbI, B3AThIC B Ka4€CTBE
BHEIITHEH IPYIIBI, — CECTPUHCKHUI cyOKIacTep. Beioop BumoB
A. ampeloprasum, A. commutatum v A. pyrenaicum B KaduecTBe
BHEIITHEH IpyTIbl 00YCIIOBJIEH TEM, UTO Psifl UCCIeIoBaTeNei
0OBEIMHSACT UX BMECTE C A. porrum ¥ elie HECKOIbKUMH POJI-
CTBEHHBIMU BUaMu B Allium ampeloprasum complex (Jones,

FEHETUYECKMUE PECYPCbl PACTEHWUW / PLANT GENETICS RESOURCES

Mann, 1963; Hirschegger et al., 2010; Guenaoui et al., 2013).
Cornacno cucreme APG 1V, A. porrum — caMocTOATENbHBIN
BU/I, B TO BpeMsI KaK psiJi UCCIIE0BATENIEH CUUTAET JIyK-11I0per
nmoaBunoM A. ampeloprasum (Hirschegger et al., 2010; Gue-
naoui et al., 2013). Ognako Ha geHApOrpaMMe 00pa3Ibl
A. ampeloprasum He 00pa3yIoT €AMHOM TPyl ¢ 00pa3namMmu
A. porrum, a KJIacTepu3yroTcs ¢ odpazuamu 4. commutatum
u A. pyrenaicum (cm. puc. 1).

AHanu3 reHOMHOU CTPYKTYpbl M3ydaeMblX 00pa3noB
nyka-niopes B nporpamme STRUCTURE 2.3.4 B couerannn
¢ meromukoit (Evanno et al., 2005) moka3an ux BeposTHOE
pazneneHne Ha ceMb rpymi. [lonydeHHnas quarpamma Obuia
Hanoxxera Ha AFLP-nennporpammy (cm. puc. 1). Kak BugHO
Ha auarpamme, Habopsl JJHK-dparmenToB 006pasios myka-
nopest OTJIMYAIOTCS ApYr OT Apyra meHee uem 10 % (mpu-
MECH JIPyTUX I[BETOB HAa KPACHOM (POHE), IIPH STOM 00pasIIbl
A. porrum, Gopmupylomme Ha JAEHAPOrpaMMe OTAEIbHbIC
IPyMIbl, UMEIOT CXOXKYI0 TEHOMHYIO CTPYKTYpy (cMm. puc. 1).

BrIsBreHHBIH BEICOKHH yPOBEHB MOTUMOP(hU3Ma SIepHOTO
TeHoMa A. porrum JIOTHIHO OBUIO ObI OOBSICHUTH THIIOM Pa3-
MHO)KSHUS (TIEPEKPECTHOE OTBLICHUE). AHAIOTMYHO BHICOKHIA
YpOBEHb BHYTPHBHIOBOM BapHaOEIbHOCTH OBIT ITOKA3aH AJIS
MepEeKPECTHO-OIBIIIEMOTO JIyKa permdaroro 4. cepa (Kari¢ et
al., 2018). ITpu 3TOM HHTEPECHO OTMETUTh, YTO TCHOM YECHOKA
A. sativum, KOTOpPBI Pa3MHOXKAETCsl TOJIBKO BETETaTHBHO,
TaKxKe siBsiercst kpaiine BapuadensHbM (Volk et al., 2004;
Zhao et al., 2011; Egea et al., 2017). 1o Bceit BUAUMOCTH,
BBICOKHH YPOBEHB MOJIMMOP(H3MA SIEPHOTO TeHOMA Xapak-
TepeH JuIst BUNOB Allium v MOXeT OBITh CBSI3aH C HACHIIICH-
HOCTHIO MOOWJIBHBIMH DJIEMEHTAMH ¥ HOBTOPSIOLIMMHCS
MOCIIEIOBATENILHOCTSIMH, O YeM CBHJECTEIbCTBYIOT IPOBE-
JICHHBIC paHee IUTOJIOTHYECKUE ¥ TEHOMHBIE UCCIIEIO0BAHUS
HeKoTopbix BUIOB Allium (Suzuki et al., 2001; Jakse et al.,
2008; Vitte et al., 2013; Peska et al., 2019). [Tomumo sTOTO,
JUIS. HEKOTOPBIX CEJIBCKOXO3SICTBEHHBIX KYJIBTYp OBLIO ITO-
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Alligator
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Merlin

K-51
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The Legon
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Tunis

Tres long Hiver
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Italian gent

Agria
Blauwgroene Winter
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Monstruoso (K-1)
Long d’hiver
Poireau

Giant anelioro
American flag
Olifant-Exelsior
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Monstruoso (K-10)
Musselburgh
Amarillo
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K-43

Bentons Monorel
Carentan
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Kazachok
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Allium porrum

Puc. 1. leHgporpamma, NOCTPOEHHAs Ha OCHOBE AaHHbIX AFLP-aHanmn3a 65 o6pasuos Allium porrum n yeTblpex poACTBEHHbIX BUA0B Allium, coBmeLLeH-

HadA C AnarpaMmMoln, oTpaxatoLen FEHOMHYI0 CTPYKTYpPY aHannsnpyembix 06pa3L|,OB NyKa-nopes.
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Tabnuua 2. XapaKkTeprcTuka aHanmsmpyembixX y4acTKOB XJI0POMIacTHOro reHoma y 06pasuos A. porrum

MNokasaTtenb rpl32-trnL ndhJ-trnL rps16 (MHTPOH)
Paswep pparventa,n.H. 793 837 844,891,913
KonBoSNP23 ...................... 0 ....................
KonBOMHAenemoo ...................... 2 ....................

Ka3aHo, YTO YPOBEHb FCHETHYECKOTO Pa3sHOOOpa3Hs MOXKET
OBITh CBsI3aH C IOMECTHUKAIEH U cenekrumeii (Sun et al., 2018;
Fuetal., 2019).

AHaju3 Bapua0eJbHOCTH YYACTKOB XJIOPOILIACTHOIO
reHoMa. Y M3ydaeMbIX 00pa3loB JiyKa-1opes ObUIM aMILId-
(pUIPOBAaHBl U CEKBEHUPOBAHBI AEBATh yYaCTKOB XJIOPO-
TUIACTHOTO TeHOMA, KaK HEKOIMPYIOIINE: MEKTCHHBIC CIIeH-
cepbl rpl32-trnl n ndhJ-trnL, vaTpOH reHa rpsl6, Tak u
OenoK-KoaupyIone: TeHbl psad, psaB, psbA, psbB, psbE,
petB (tabm. 2).

Pa3mepbl MeXreHHbIX crieiicepoB rpl32-trnl v ndhJ-trnL
y BCEX MCCIIElyeMbIX 00pa3loB JyKa-opes OKa3aJuch MH-
BapUaHTHBI, B HYKJICOTHIHBIX MOCIEIOBATEILHOCTIX OBLIO
BBISIBJICHO J[BA U TPU BapHadEJIbHBIX CaliTa COOTBETCTBEHHO
(cM. Tabm. 2). Pa3mMeps! 3THX y9acTKOB y BHJIOB JIYKOB, B3s-
THIX B Ka4e€CTBE BHEIIHEH TPYIIbI, BAPbUPOBAIH 3a CUCT
HaJau4Msl KOpOTKUX uHAened. Tak, [uIMHA IOCIIeN0BaTelb-
HOCTH rpl32-trnL y oOpa3noB A. ampeloprasum coctaBuia
839 1.H., A. commutatum — 822 11. 1., A. pyrenaicum — 785 1. H.
WurepecHo, 4To B 1ociieioBarenbHoCTsIX rpl32-trnl v ndhJ-
trnL y A. ampeloprasum oOHapyXeHBI KOPOTKHE WHICIN
W HYKJICOTH/HbIC 3aMEHBI, HE BCTpPEYAIOIINECs y 00pas31oB
A. porrum, HO IPUCYTCTBYIOIINE Y A. commutatum.

JinHa Toce10BaTeNnbHOCTH WHTPOHA TeHa 7psl6 y 00-
pasIoB JyKa-mopes Obuta pasnuyHa. Y OOJbIIMHCTBA 00-
pasnoB UHTPOH uMmend pasmep 913 m.H. Y Tpex oOpasios
A. porrum — Monstruoso (K-1), Wastlandia Winterreusen u
IIpembep — anmHa nocnenoBarenbHOCTU cocTaBuia 891 . H.
Paznuna B aimuHax oOycIOBIE€Ha TaH/IEMHO ITOBTOPSIIOLIMM-
ca 22-HyKJICOTHIHBIM (QparMeHTOM. Y 00pa3IoB BHJIOB
A. ampeloprasum, A. commutatum u A. pyrenaicum >3TOT
MIOBTOP IPEACTABIICH OJHOI Komnueil. Y eanHCTBEHHOTro 00-
pasma sryka-mopesi — copra Merlin — BeIsiBiIeHa cienuuaHast
69-HyKII€OTHAHAS JeNelHs, 3a CUET Yero JUIMHa MHTPOHA
coctaBuia 844 m.H.

INocnenoBaTrenbHOCTH MIECTH TEHOB (POTOCHHTETHUYECKOTO
anrapara, KoIupyomux cyoseanaunsl Gorocucrem | u 2
(psad, psaB, psbA, psbB, psbE), a Takxe CyObeIUHUILY I[H-
ToXpoma b (petB), ObLTN HHBApHUAHTHEI ITO Pa3Mepy y aHATH3H-
PYEMBIX 00pa3I0B TyKa-TIopest © MOHOMOP(MHEI (CM. TadI. 2).
Enuncreennas 3amena T327A B reHe psaB Obliia OOHapyKeHa
y coptoB Monstruoso (K-1), Wastlandia Winterreusen (K-62)
n Ka3za4ok, ojiHaKo oHa HE MPUBOJIMIIA K 3aMEIIEHUIO aMUHO-
KHCIJIOTHOTO OCTaTKa. ¥ 00pa3ioB BU/IOB, B3SThIX B KA4€CTBE
BHEIITHEH IPYMIIBI, pa3Mephbl H3y4aeMbIX MIECTH TCHOB TAKKe
OBUTH MHBAPHAHTHBI.

[TonyueHHbIe U151 KKI0T0 00pasiia NociIe10BaTeIbHOCTH
ObUTH 00BEIMHEHBI W UCIIOIb30BAHBI TSI HOCTPOCHUS JCH-
nporpaMMel (puc. 2). Ha nenaporpamme anaiausupyemble
00pas1ibl TyKa-rmopesi 00pa3yroT eANHbIN CyOKIacTep, 0a3aiib-
HYIO BETBb K KOTOpOMY opMupyeT obpaser A. pyrenaicum.
Ob6pasusl 4. ampeloprasum u A. commutatum o0OpasyoT
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psaA

K-51
Carentan
Alligator
Zimnii gigant
Slon
Tres long Hiver
26| Praza2
Lyon (K-2)
Monstruoso (K-1)
— Kazimir
American flag
Monstruoso (K-10)
Musselburgh
L{ Lincoln
34 Goliaf
Osennii gigant
K-52
Wastlandia Winterreusen
Poireau
Italian gent
Arcona
Vesta
— Kilima
Pras
Lyon (K-55)
Monstruena de Carentan
Kazachok
— Hulliver
Giant Musselburgh
Monstrueux
K-61
Colonna
Merlin
Porree dicker
Letnyi briz
Florena
Blauwgroene Winter
Amarillo
Olifant-Exelsior
Giant anelioro
Agria
K-23
Jiraf
Karantanskii
K-44
Zocal Type
Bentons Monorel
Geant d'Hiver Tezier
Colambus
— Elefant
Long d’hiver
Empire
Zocalen
Dobry molodez
Hobot slona
K-43
The Legon
Tunis
K-63
Suttons Prizetaker
Siegfried
Winter lauch Rijen fon Carentan
Premier
Monstrueux d’Elbeuf
Timperley Light

A. porrum 100

A. pyrenaicum
— A commutatum

A. ampeloprasum (1023)
100
99 ' A. ampeloprasum (1744)

—
0.0005

Puc. 2. [leHgporpamma, NOCTPOEHHaA Ha OCHOBE HYKNeOoTUAHbIX Nocne-
[loBaTeNbHOCTEN AeBATY YYacTKOB XJioponnactHoro reHoma (MEGA7.0,
metoa Maximum Likelihood, mogenb HKY).
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000COOJICHHBIH CyOKIacTep, B M3YYCHHBIX MOCIICI0BATEIIb-
HOCTSX XJIOPOTIJIACTHOTO TEHOMA 3THUX BU/I0B OBbLT OOHApPYKEH
psin obmmx nuneneit u SNP, orcyTerBytomux y 4. porrum u
A. pyrenaicum, 10ce10BaTEIbHOCTH KOTOPBIX ObLIN BBICOKO-
romoorugHbI (99.62 %).

AHa3 KOOUPYIOIINX ¥ HEKOIUPYIOMINX yJacTKOB XJIOPO-
IJTACTHOTO TeéHOMa cyMMapHO# jutnHoi oxoso 10500 . 1. s
Ka)X710T0 13 65 00pa3IoB JTyKa-1mopes MoKa3al KpaiHe HU3KAN
ypoBeHb nx nonumop¢usma — Bcero 6 SNP.

JlaHHble O BHYTPUBHUAOBOM MOJUMOpP(H3ME yuacTKOB
IUIACTOMA M3BECTHBI JIIIb JUT HECKOIBKUX BUIOB Allium.
Tak, aHannu3 Tpex MEXIeHHBIX crieiicepoB y 24 o0pasnoB
JIUKOPACTYIIUX NOMYIIAIMN 4. roseum TakKe BBIIBIII HU3KYIO
BapruadensHOCTh XI/IHK (Guetat et al., 2010). OtcyTcTBHE
BHYTPUBHUIOBOH BapraOeIbHOCTH IUIACTOMa OOHApYXEHO
[IPU UCCIICA0BAaHUK HEOONBIINX BbIOOPOK (10 10 0OpasiioB)
BuoB cekiuu Rhizirideum (Sinitsyna et al., 2016). Husknit
YPOBEHB BapHabeIbHOCTH y4aCTKOB XJIOPOIUIACTHOTO TeHOMa,
[10-BUIUMOMY, — XapaKTEPHBIW IPU3HAK IS [IPEICTaBUTEIEH
Allium, 910, KaK MPEIoNaraeTcsi, MOKET OBITh CIECTBHEM
THOPUAN3AIMN WM HHTPOTPECCHH XJIOPOIUTACTHOTO TeHOMA
(Hanelt, 1996; Li et al., 2010, 2016).

3aKkniouyeHune

B Hacrosmiell paboTte BrepBble Ha MIMPOKOH BBIOOPKE 00-
pasmoB M3y4deH BHYTPHUBHAOBON MOIUMOpP(HU3M reHoma
A. porrum. B pe3ynbrare BBISBICH BEICOKHI YPOBEHB ITOJTH-
MopdHu3Ma SIEPHOr0 TeHOMA JIyKa-1opesi, COMOCTaBUMBbIH C
TAKOBBIM y JPYTHX CEIbCKOXO3AHCTBEHHO 3HAYMMBIX BUIOB
Allium. HecMoTps Ha TO, YTO JTyK-TIOpEH — ITOITYIIsipHAast OBOII-
Hasl KyJIbTypa, MOJIEKYJISIPHO-T€HETHYECKHE HCCIIeIOBAHUS
KaK BCEro TeHOMa B I1€JIOM, TaK U OT/AENbHBIX JIOKYCOB/TCHOB
paHee IpakTHYECKH HEe MPOBOIMINCE. Hamm pesyasrars! o
BapuabeIbHOCTH SIIEPHOTO reHoMa A. porrum OyayT HCIIOJIb-
30BaHbI I HAyYHO 000CHOBAHHOTO TT0100pa POAUTETBCKUX
map JUIisi CKpEIIMBaHUs C IENBI0 MOJYYCHHUS BO3MOXXHOTO
rerepos3ucHoro 3hdexra B F, mpu ceneknuu Iyka-nopesi B
DenepanbHOM HAYYHOM IIEHTPE OBOILEBOICTBA.
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3yueHue INMHUI MATKON ITIII€HUITbI
ceseKIi HanimoHasIbHOrO 1ieHTpa 3epHa uM. ILI1. JIVKbIHEeHKO
I10 aJIJIeJIbHbIM BapuaHTaM reHoB Waxy

2.P AaBOHH@, A.A. Becriaaosa, P.O. AaBosiH, E.B. Araesa, I.V1. Bykpeesa, }O.C. 3y6anoBa, A.C. Mukos, A.M. Boapakos

HauunoHanbHbIN LeHTp 3epHa um. MN.1. JlykbAaHeHKo, KpacHopap, Poccua
® e-mail: davayan@rambler.ru

B cTatbe npepcTaBneHbl pesynbraThl M3yYeHWA C MOMOLLbIO MOSIEKYNIAPHbBIX MapKePOB IMHNUIA MATKOWN MWEHULbI
(Triticum aestivum L.) no annenbHbIM BapriaHTam reHoB Wx. iccnegoBaHue npoBoaunu B pamkax paboT no nepe-
nayve Hynb-annenei reHos Wx-AT1, Wx-B1, Wx-D1 B copTa MATKO NLIEHNWLbl U CO3AaHNI0 CENEeKLMOHHOro MaTepua-
na C 3MEHEHHOWN aKTVBHOCTbIO OCHOBHbIX GePMEHTOB, y4acTBYIOLNX B OOCHHTE3e aMUno3bl. JINHUM NonyyeHbl
B OTAese ceneKkunm 1 CeMeHOBOACTBA MNLeHMLbl 1 TpUTKKane HaunoHanbHoro ueHTpa 3epHa um. MN.1. JlykbaHeH-
KO B pe3ynbTaTe CKpeLlBaHWA MyTaHTHbIX $OPM — HOCUTENen HeakTUBHbIX (Hynb-annenen) reHos Wx-A1, Wx-B1,
Wx-D1 ¢ KoMMepUYeckumn copTaMmm MArkor nweHunupbl. OTob6paHHble Ansa paboTbl MONEKYNAPHbIE MapKepbl Mo-
3BOJININ BbIABUTb LIEHHbIN CeNeKUVOHHbIN MaTepuran, MeIOLWNA B CBOEM FeHOME KaK efiJMHNYHbIe HyNb-annenu
reHoB Wx, Tak 1 nx kombuHaumu. CouetaHve AByx Hynb-anneneit (Wx-A1b+ Wx-D1b) obHapyxeHo y 30 nnHuin. Ha-
nnuue Tpex Hynb-annenen (Wx-A1b+ Wx-B1b+ Wx-D1b), uto cooTBeTCTBYET NONHOCTbIO Wx-nweHnyam, obHapy-
eHo y oaHol nuHuK. OTobpaHo 37 NMHMIA, coyeTatoWmMx npucyTcTeue annena Wx-Ble c Hynb-annenamm Wx-AT1b
n Wx-D1b. Y 26 nuHuin ngeHtnduumpoBaHa komobuHauma (Wx-A1b+ Wx-Ble), 24 nnHAM UMenn coyeTaHve anne-
nen (Wx-Ble+Wx-D1b). UneHTudrumpoBaHo, uto MyTaHTHble dopmbl PI619381, PI619384, PI619386 — HocuTenn
dyHKUMoHanbHoro annena Wx-Ble. Annenn Wx-A1b n Wx-BTe mornu 6biTb nepefaHbl B U3yyaemble TUHUN KaK OT
MCNONb3yeMbIX JOHOPOB, TaK 1 OT copToB CTaplumHa 1 KopoTbilKa cOOTBETCTBEHHO. [JoHOpaMu NprBHECEHVA B
nuHumn annenent Wx-B1b n Wx-D1b cny»aT ncnonb3oBaHHble B CKpeLBaHUAX MyTaHTHble Gopmbl. MNprmeHeHne
0TOOPaHHbIX HAMU MONEKYNAPHbIX MaPKEPOB A1A NAEHTUOMKALMI aniefibHoro coctoAaHms reHoB Wx-AT, Wx-B1,
Wx-D1 moxeT ctaTb 9pEKTMBHON OCHOBOW N5 CENEKLMM C MOMOLLbI0 MONEKYNAPHbIX Mapkepos (MAS) no gak-
HOMY Npu3Haky. OTobpaHHble NIMHUK C UAEHTUGULNPOBAHHBIMU B HUX Hyfb-annensamu reHos Wx npeactasnstoTt
VNHTepec ANA CenekLMOHHbIX MPOrpamMm, HanpaB/IeHHbIX Ha yyULlleHne TEXHOTOTMUYECKMX KauecTB 3epHa 1 Nnony-
YyeHrie COPTOB MATKOW MLUEHULbI C HOBbIMM CBOMCTBaMU Kpaxmana.

KnioueBble cIoBa: MArkas niueHnLa; MosieKynAapHble MapKepbl; reHbl Wx.

AnayntnposaHus: lasosaH J.P, becnanosa J1.A., JaBosH PO., Araea E.B., bykpeesa /., 3y6aHoBa 10.C., Mukos [.C.,
bonpgakos [1.M. VI3yyeHune nuHMN MATKON NwweHnUbl cenekymn HaumoHanbHOro yeHTpa 3epHa um. M.11. Jlykba-
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Allelic variants for Waxy genes in common wheat lines bred
at the Lukyanenko National Grain Center

E.R. Davoyan®, L.A. Bespalova, R.O. Davoyan, E.V. Agaeva, G.I. Bukreeva, Yu.S. Zubanova, D.S. Mikov, D.M. Boldakov

National Center of Grain named after PP. Lukyanenko, Krasnodar, Russia
® e-mail: davayan@rambler.ru

This article presents the results of a molecular marker-assisted study of allelic variants of Wx genes in common
wheat (Triticum aestivum L.) lines. The study was carried out as part of the work on the transfer of null alleles of
the genes Wx-A1, Wx-B1, and Wx-D1 to soft wheat the varieties and creation of breeding material with modified
activities of the main enzymes involved in amylose biosynthesis. The lines were obtained at the Department of
Breeding and Seed Production of Wheat and Triticale, Luk’yanenko National Grain Center, by crossing mutant
forms carrying inactive (null) alleles of genes Wx-A1, Wx-B1, and Wx-D1 to bread wheat cultivars. The molecular
markers selected for the study allowed identification of valuable breeding material carrying both single null al-
leles of Wx genes and their combinations in its genome. A combination of two null alleles (Wx-A1b+ Wx-D1b) was
detected in 30 lines. The presence of three null alleles (Wx-A1b+ Wx-B1b+ Wx-D1b), which corresponded to fully
Wx wheat, was found in one line. We selected 37 lines that combined the presence of the Wx-B1e allele with the
Wx-A1b and Wx-D1b null alleles. The Wx-A1b+ Wx-Ble combination was identified in 26 lines, and 24 lines carried
the combination of alleles Wx-Ble+ Wx-D1b. The mutant forms PI619381, PI619384, and P1619386 were identi-
fied as carriers of the functional Wx-BTe allele. The Wx-AT1b and Wx-BTe alleles could have been transferred to the
studied lines from the donors used or from the Starshina and Korotyshka varieties, respectively. The mutant forms
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used in the crosses are donors of the Wx-B1b and Wx-D1b alleles. The use of molecular markers chosen by us for
identification of the allelic state of the Wx-A1, Wx-B1, and Wx-D1 genes can provide grounds for marker-assisted
selection for this trait. Selected lines found to possess null alleles of the Wx genes are applicable in breeding
programs aimed at the improvement of technological qualities of grain and raise of bread wheat varieties with

modified starch properties.

Key words: common wheat; molecular markers; Wx genes.
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BBepeHune

Co3maHue COPTOB C YAYUIICHHBIMHI TEXHOIOTUIECKIMH Ka-
YeCTBAMH 3€pHA — aKTyallbHasl 3aJjadya CCJICKI[UU MSTKOM
MIICHUIBI.

Opaxius Kpaxmala, cocTapistommas okoio 70 % ot obmie-
TO KOJIMYECTBA CYXOTO BEIICCTBA B 3¢PHE IMIICHUIIBI, MOXKET
3HAYUTCJIbHO BJIUATH HA KAYECTBO KOHCYHOI'O HCIT0JIb30BAHUS
MYKH U3 MSITKOH rireHuIs! (Zeng et al., 1997). AxtuBHOE TIpH-
MECHCHHE MIICHUYHOTO KpaxMalia B XUMHYCCKOHN U THIICBON
MIPOMBIIIIEHHOCTH OOBSICHSIETCS ero cBoicTBaMu. K HUM
OTHOCSTCS: TUTPOCKOIIMYHOCTD; HEHTPaIbHOCTh BKYCOBBIX
Ka4ecTB; XOpoIIasi CTOUKOCTh B CIIy4ae TepMOOOpabOTKH;
YMEpEeHHasl BSI3KOCTh; cTabmiu3aius smyibcnid (Maningat,
Seib, 1997). OqHO U3 HHTEPECHBIX CBONUCTB — CIIOCOOHOCTH
3epeH HaOyXarh P HAXOKICHUH B KHJIKOCTH C ITOBBIIICHHON
Temneparypoi. Kpome Toro, ero oTanuuTeIsHON 0COOCHHO-
CTBIO0 MOYKHO Ha3BaTh BO3MOKHOCTH (POPMHUPOBATH KIEHCTEPHL,
OTIMYAROIIUECS CTA0MIFHOCTRIO MIPU TCPMHUCCKOM BO3/ICH-
cTBUH U goirom xpanenuu (Maningat et al., 2009).

KadecTBo kpaxmaia TECHO CBSI3aHO C COOTHOIIICHUEM aMU-
JI03Bl K aMIJIOTICKTUHY — JIBYX OCHOBHBIX MaKpPOMOJICKYIT,
oOpasyromux kpaxmain. CBs3aHHas ¢ TpaHyJaMH Kpaxmai-
cunraza (GBSSI) — aT0 hepMeHT, OTBETCTBEHHBIH 32 CHH-
Te3 aMUJIO3bl B 3¢pHE NIICHUIBI. [I0CKOIBKY HEKOTOPBIC
Ba)KHBIC TEXHOJIOTHYECKHE CBOMCTBA KpaxMmalia, TaKue Kak
JKENATUHU3AIM, CKIICHBAaHNUE U TelIeo0pa3oBaHUe, 3aBUCST
OT COOTHOIICHUS aMUJI03a/aMIJIONICKTHH (Zeng et al., 1997),
T0 B mociennue roasl pepment GBSSI, win G6enoxk Waxy,
OBLII OOBEKTOM MHOTHX MCCIIENOBAHUIA. Y MSTKOH ITIIIEHUIIBI
3TOT (PEePMEHT KOTUPYETCS TPEMsI TOMOJIOTUYHBIMA TCHAMH
Waxy (Wx), pacriolo)KeHHBIMU Ha XpoMocoMax 7A (JIoKyc
Wx-Al), 7D (Wx-D1) u 4A (Wx-B1), (Shure et al., 1983;
Chao et al., 1989; Yamamori et al., 1994). Kax b1t u3 reHoB
Wx uMeeT HEeCKOJNBbKO alleNbHBIX BapuaHTOB. Hanbomnee
YacTO BCTPEYAIOTCS AJUISNH TUKOTO THIIA, TOTYIHBIINE Ha-
3Banue Wx-Ala, Wx-Bla w Wx-D1a (Yamamori et al., 1994,
Nakamura et al., 1995). DTu amienu He HECYT MyTallK U
aKTUBHO dKcnpeccupyrot oemox GBSSI. [pyroii Tum amiens
(Hynb-auienb) — He()YHKIMOHAIBHBIN, BCTPEUACTCS PEKE U
MIPUBOIUT K CHI)KCHHIO COACPIKAHHS aMHJIO3bI B Kpaxmaje.
W3BecTHO, UTO HaMOONbBIICE BIUSHIE HA COACPIKaHUE aMH-
JI03bI B Kpaxmalie MSTKOM MIIEHUIIbI OKa3biBaeT reH Wx-Bl,
3areM Wx-D1 n Wx-Al (Yamamori et al., 1994). Boiienenst
TakKe (YHKINOHATBHBIC aJJICTH, OTIUHIHBIC OT aJuIeNei u-
KOTO THUIIA, OJJHAKO UX BIIUSHUC OCTACTCS MAJIOU3YUYCHHBIM.
Hamawe tpex Hymnb-anmeneit mo reaam Wx-A1, Wx-B1, Wx-D1
MPHUBOIUT K TONMHOH snmumuHanmu GBSS1, GroxupoBaHUio
CHUHTE3a aMWJIO3bI U (POPMHUPOBAHHIO KpaxMaja aMHUIIOICK-
tunoBoro tuna (Nakamura et al., 2002).

FEHETUYECKMUE PECYPCbl PACTEHWUW / PLANT GENETICS RESOURCES

B nocneaee BpeMs poKoe pacpoCTpaHCHUE IOy IHITH
METOABI MOJIEKYJIAPHOI'O MApKUPOBAHUS I I/llleHTI/l(l)I/IKaLll/ll/l
AJIICIEHOTO COCTOSHUS TeHOB Wx. OHH MO3BOJISIOT 00HApY-
JKUBATh PA3JIUYHBIC aJUICIIA TCHOB WX, B TOM YHCIIC H HYJIb-
aJjuieNv, ¥ MOTYT HMCIOJIb30BAThCS B KAu€CTBE OCHOBBI JIJIS
CEJIEKIIMOHHBIX TIPOTPAaMM, HAITPABJICHHBIX Ha IIPOU3BOICTBO
MSTKOH TIIEHUIBI ¢ MOIU(PHUIIMPOBAHHBIM COOTHOIIICHUEM
amm1o3bl 1 ammtonektiaa (Nakamura et al., 1995; Kiribuchi-
Otobe et al., 1997).

Panee ¢ mOMOIIIBI0 MOJICKYISIPHBIX MapKepPOB OBLIO H3yYCHO
99 copTOB M TMHUI MSTKOM MILIEHUITBI cenekiu Harnonanb-
Horo nexTpa 3epHa (HL3) mm. TLIT. JlykpsHEHKO TIO aJuTeih-
HOMY COCTaBy TeHOB Wx. YCTaHOBIICHO, YTO Y OOJBITUHCTBA
M3 HUX MPUCYTCTBYIOT aJlJICJIU AUKOI'0O THIId, HC CHUKAIOIINEC
cozeprkaHne aMrmiIo3sI B kpaxmadie (Kimmmymmmna u ap., 2012).
[TomyueHHBIC TaHHBIC TTOCITYKWIA HA4aJIOM padoT 1o mepe-
Jaue Hynb-annenei reHoB Wx-Al, Wx-Bl, Wx-DI B copra
msrkoi mmeHuns! cenexuu HIL3 mm. TLIT. JlykesHeHko u
CO3JIaHHIO CEJICKIIMOHHOTO MaTepHalia C I3MCHCHHOH aKTHB-
HOCTBIO OCHOBHBIX ()ePMEHTOB, yYaCTBYIOLIUX B OHOCUHTE3E
aMUJIO3BI.

B mHacrosmiel ctarbe MpeaCcTaBICHBI PE3yIbTaThl U3yUe-
HUS C IIOMOIIBIO MOJIEKYJIIPHBIX MapKEpOB JIMHUM MATKOH
nmenunbl Fg no annensueiM Bapuantam renos Wx. Ilensb
paboTHI 3aKITF0YaIach B 0TOOPE IICHHBIX TCHOTHITOB, HECYIIINX
KaK OTACJIBbHBIC HYJIb-aJUJICJIU TaK U UX KOM6I/IHaIll/Il/I, JUISL
TIOCTIETYTOIIETO BOBIICUCHHS MX B CEJICKIIMOHHBIN MpoIiece,
HAIIpaBJICHHBIHN Ha MOTyYCHIE COPTOB C YITYYIICHHBIMU TEX-
HOJIOTHYECKUMHU KaueCTBaMHU 3€pHa.

MaTtepwuanbl n metogbl

OObekramu uccienoBanust crand 502 JTMHUM MSTKOH Iiie-
HMIBI TOKOJIEHUs F, moaydeHHble B OTaee CENEKIUH U
ceMeHoBojicTBa NiueHuIbl U Tputhkaine HI3 um. [LI1. Jlykbs-
HEHKO B PE3yJbTaTe CKPELIMBAHUSA HOCUTEIEH HEaKTUBHBIX
(mymp-amteneit) renoB Wx-Al, Wx-Bl, Wx-D1 ¢ xommep-
YEeCKMMH COpPTaMH MSTKOH MIIeHUIBl. B kauecTBe 1OHOPOB
HyJIb-aJlJIeliel HCIONb30BaIl MyTaHTHbIe popmbl P1619381,
P1619384, P1619376, P1619386, P1619377, P1619378, y
KOTOPBIX CHHTE3 (DYHKIIMOHAIBEHOTO Oenka Waxy OTCyTCTBY-
eT. OTu (OPMBI MUICHHUIBI OBLIM MOJTYYEHBI U3 OTAEICHHS
CIMMYT (Typmmst) B paMKax COTPYIHHYECTBA IO OOMEHY
CEJICKIIMOHHBIM MareprasoM. MyTaHTHBIE ()OPMBI CO3/IaHbI
B HannoHambHOM LIEHTpE MO HUCCIIEAOBAHUIO T€PMOILIa3Mbl
Menko3epHOBEIX KynsTyp (USDA-ARS, CIIIA) B pe3ymnsrare
CKPCIUBAHUS COPTOB MATKOM miieHUIsl Bai Huo kurarickoit
CeJIeKI[H, HOCUTENs Hylb-ayiens reHa Wx-DI, u copToB
Kanto 107 u Ike cenexmm CIIA, HOCHTENEH HyTb-aJlIeTeH
reHoB Wx-AI n Wx-BI. B xauecTBe peUUINEHTOB MpUMe-
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Ta6bnuua 1. KombrHaumm ckpelymBaHua
n3yyaemblix mHum (2012 r.)

Ne kom6VHaumn  Komb6rHaums cKpelyBaHus

CKpelwmnBaHuA
O
Tho oI
e e
e
s
s
6 Tabopx (PI619381/Koporeiuka/Crapuiia)
6 Tpowx(PI619378/Kopotiuka/Crapuita)
o et
D I

Hsu copta Crapmuza, Bacca, Ytpum, Cuna, Ecayn, Kyma
ceneknuu HII3 um. ILIL. Jlykesuenko u copt Kopotsimka
cesleKIMy benropoackoro HayYHO-HCCIIeIOBATEIBCKOTO HH-
CTHUTYTa CEJIbCKOro Xo3siicTBa. KoMOMHAIMK CKpEeIUBaHUS
M3ydJaeMbIX JIUHUH MPUBEICHBI B Ta0M. 1.

JHK Bbinensi u3 5—7-AHEBHBIX STHOJIUPOBAHHBIX MPO-
POCTKOB MIIIeHHIIBI 110 MeToy [Lnarike ¢ koyuteramu (Plaschke
et al., 1995). Ouenky nuHUI Ha aNJIETFHOE COCTOSHIE TEHOB
WX ocymecTBISIIIM ¢ HCHOJIb30BAaHUEM ITOJIMMEpa3Hoil 1erl-
Hoii peakiuu (ITLIP). [Tpaiimepsl oTOMpaIy Ha OCHOBAHHUU
JUTEPaTYPHBIX JaHHBIX, NX Ha3BaHWS U YCIOBUSI aMIITH(UKa-
ILIUH TIpeICTABICHBI B Ta0M. 2. PeakunonHast cMech 00beMoM
25 mkn conepxana 1x oydep mist Taq-AHK-nonaumepasbt
(50 MM KCI, 20 MM tpuc-HCI, pH 8.4, 2-5 mM MgCl,,
0.01 % TBuH-20), 2 MM MgCl,, o 0.2 MM kaxmoro dNTP,
12.5 MM kaxporo mpaiimepa, 50 ur JIHK u 1 en. Tag-nmomu-
Mepassl.

AmmrdrKannio BeJIH COTNIaCHO YCIIOBHSAM, yKa3aHHBIM B
tabm. 2. [Ipoaykrer [P pa3mensiiu ¢ moMoIibko 3nekTpodo-
pesa B arapo3aoM rese ¢ 0.5% Oypepom TBE (Tpuc-60paTHsrii
Oytep). Konnenrpanus rens BapsupoBaia ot 1.5 10 2.0 % B
3aBUCHMOCTH OT pa3Mepa aMIUTH(GUIIMPOBAHHOTO (h)parMeHTa.

Allelic variants for Waxy genes in common wheat
lines bred at the Lukyanenko National Grain Center

Ienu okpamBanu OpOMUCTBIM dTHANEM U (hoTOrpadupo-
BaJM B yIBTPA(QHOIETOBOM CBETE C TOMOIILI0 (poToOOKCa
Infiniti 1000. B xauecTBe Mapkepa MOJIEKYISIPHONW Macchl
ucnone3oBau JJHK-mapkep M 24100 bp «Cub2H3uMY.

Pe3ynbratbl

C npuMeHeHHneM MOJISKYJISIPHBIX MapKePOB IIPOBEJICH aHAJIH3
502 nuHMI MATKOM MIIEHHMIBI TIOKONEHUs F Ha annenbHOE
cocTosinue reHoB Wx-A1, Wx-B1, Wx-D1. Yucino nu3yuyeHHbIX
00pasloB 10 K0 KOMOMHAIMU CKPELIMBAHMS, a TaKKe
KOJIMYECTBO BBISIBJICHHBIX aJljIeIel IPUBEACHBI B Ta0I. 3.

W3yuenne nuHUN Ha anjaenbHOE COCTOSHUE reHa Wx-A1
MIPOBOJIMIIH ITPY TIOMOILM KOJIOMUHAHTHOTO MapKepa, paspa-
6orarnoro T. Nakamura ¢ xomteramu (2002). Hyms-anmens
reHa Wx-AI Ob1 uIeHTUGHUIUPOBAH BO BCEX KOMOMHAIMAX
cKpenuBanus, 3a uckiodenruem Ne 59 u 60. Beero uaenru-
¢urmmpoBano 122 nwauM, Hecymme Wx-Alb, B oCcTalmbHBIX
611 astens Wx-Ala (muxuii Tun). [IpucyTeTBre Hymb-aesns
Wx-A1b nOATBEPkKIEHO BO BCEX HCIIOIb3YEMBIX JOHOPAX,
MYTaHTHBIX 110 TeHaMm Wx-A 1, Wx-B1, u Wx-D1 nuHHASX.

Jis mneHTH(UKAIIY aJICTBHOTO COCTOSTHUS TeHa Wx-B1
Ha TIEpBOM JTalle UCIIOJIb30BaJIU MapKep, pa3paboTaHHBIN
A. McLauchlan ¢ xomneramu (2001), ganee oOpa3nbl ¢ BbI-
SIBJICHHBIMU HYJIb-aJutesIsiMu Wx-B 1b ObUTH TOIBEPTHY THI I10-
BTOPHOMY CKPHHUHTY C TIOMOII[bIO MapKepa, IPEII0KEHHOTO
L.S. Vanzetti ¢ xomneramu (2009) (pucyHOK). DTH aBTOPHI
MIOKA3aJI1, YTO C TIOMOIIILIO MOJIEKYJISIPHOTO MapKepa, pa3pa-
6oranHoro A. McLauchlan ¢ xoyuteramu (2001), HeBO3MOX-
HO pPa3Nu4nTh ayiens Wx-Ble u nynb-amnens Wx-Blb. B o
JK€ BpeMsl TIPH HCIIOJIb30BAaHUM BTOPOTO Mapkepa B ciIydae
HYJIb-aJlJIeNIsl aMIUTH(UKALUST OTCYTCTBYET, YTO MOXKET IPH-
BOJUTSH K OIIMOKaM MpH HeKauecTBeHHOM Bhiienennu JJHK
naruouposanuy 1P B oraensHbix o0pasnax (Knumymmna
u zp., 2013).

Hyns-annens Wx-B1b obHapyXeH B OJHOW JWHHH, II0-
Jy4eHHOW M3 KOMOMHAIMM ckpeuruBaHusi Ne 56, yeTbipex
JIMHUASX KOMOMHAUMU Ne 62 U HATH JIMHUSX KOMOWHAIUU
Ne 71. YcTaHOBICHO TaKke, 9TO U3 IMIECTH UCTIONB3YEMbIX B
KauecTBE JIOHOPOB MyTaHTHBIX (opM amnens Wx-B1b necyT
tonbko Tpu: P1619376, P1619377, P1619378. IlpucyrcTtBue
(hyHKunoHampHOTO ayiens Wx-Ble, otmmanoro ot Wx-Bla,
unaeHTuGUIIpoBaHo B 108 muHmsIx. B xomOuHanusx Ne 56,
59, 62, 71 aToT ajuienb He OOHAPYKEH.

Ta6nuua 2. Ycnosusa MLUP 1 Ha3BaHUA NpaliMepoB, NCMOJb3yeMbIX AJ1A MAEHTUGMKaLMM COOTBETCTBYIOLLMX annenei reHos Wx

leH Mpamepbl

WxAT AFC n AR2 (Nakamura et al., 2002) 65

WxB1 4F n 4R (MclLauchlan et al., 2001) 65
Wx-B1L n Wx-B1R (Vanzetti et al., 2009) 65

WxD1 Wx-D1-2-F n Wx-D1-2-R (Shariflou et al., 2001) 55
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Temnepatypa omxura, °C  Annenb

Pasmep ¢parmeHTa, n.H.

Wx-Ala 389
N — et
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Ta6nvu.|a 3. Homep KOM6VIHaLI,VIVI CKpeLwmnBaHMA N KOJINYeCTBO TINHWN C VIAEHTVId)I/IU,VIpOBaHHbIMVI Hynb-annenamm

Wx-A1b, Wx-B1b, Wx-D1b n annenem Wx-Ble

N2 komburHaL MK Kon-Bo nuHuin

CKpeLwmnBaHuA

Wx-A1b

s % %
s a5 7
6 7 noo
58 a4 2
59 ............................... 3 3 ..............................................
60 ............................... 6 2 ..............................................
e a7 7
62 6o o
0 00 3
I s 7
s
a

SnekTpodoperpamma npoaykTos MLP ¢ npaimepamm:

Kon-Bo NMHWI C BbIAABNEHHbBIMY annenammn

Wx-B1b Wx-Ble Wx-D1b
..................................................... 2 217
..................................................... 2 04
................... 1
A
..................................................... 5 1
..................................................... 134
4 ................................................................... 3 ...............................
4742 .............................
5 ................................................................... 12 .............................
"""""""""" o 18 w0

a - 4F n 4R (McLauchlan et al., 2001). 7-12 — nuHUM KOMBUHaLUK cKpewmBaHua N2 54; 13 — K+ (myTaHTHas ¢dopma P1619381); 6 - Wx-B1L
nWx-B1R (Vanzetti et al., 2009). 7 — K+ (MyTaHTHaa ¢opma PI619381); 2-9; 12-14 — nuHun KombrHaumm ckpewmsanua N2 54; 10— myTaHTHaA
dopma P1619377; 11 — myTaHTHasa popma PI619378. M — MapKep MONEKyNAPHOro Beca.

HedynkunonaneHslit amiens Wx-D1b obHapyxen y 100
JIMHUH BO BceX KOMOMHANMSIX CKPEIIMBAHMS, 32 NCKITIOYCHH-
em Ne 56 u 59. HanbGobiiiee 4iciio JIMHUN € ATUM aJuiesieM
HACHTUPUITNPOBAHO B KOMOMHAIMH ckpemmuBanus Ne 70.
B pesynbrare mpoBeIeHHOTO aHANINW3a OTOOPAHBI JIMHUU C
KOMOMHAIMSIME HYJIb-aJljIeNicH reHOB Wx (Tabi. 4).

Coueranne aByx Hymb-amieneit (Wx-A1b+ Wx-D1b) o6-
HapyxeHo y 19 nuHnit n3 KoMOnHamu ckpentuBanus Ne 58,
y Tpex nuHuil B komOuHanusx Ne 61 u Ne 62, y AByX JIMHUIH
xomOmHanmu Ne 70 u y ogHO# uHNE B KoMOnHarmu Ne 71.
Hannaue tpex nynb-amneneit (Wx-A1b+ Wx-B1b+ Wx-D1b),
YTO COOTBETCTBYET MOJIHOCTHIO WX-NIIEHHUIIaM, BBISBICHO B
nHAN 56-12Mc4, omy9eHHO# OT CKpeIIUBaHIs MyTAaHTHON
dhopmsr P1 619376 ¢ coprom Bacca (koMOmHAIMS CKpenBa-

FTEHETUYECKUE PECYPCbl PACTEHWUI / PLANT GENETICS RESOURCES

Hust Ne 56). OtoOpaHo 37 TMHUN, COUETAIOIINX TPUCYTCTBUE
amnenst Wx-Ble ¢ nyns-amnensimu Wx-A1b n Wx-D1b. Y 26
JMHUA naeHTHGUIpoBana komounanust (Wx-A1b + Wx-Ble),
24 nuHUM HeCTu codeTanue amenen (Wx-Ble+ Wx-D1b).

O6cyxpeHue

C 1OMOIIbI0 OTOOPAHHBIX MOJIEKYJISIPHBIX MapKepOB BBISIB-
JICHBI JINHUY MSTKOW TIICHUIIBI, HECYIIUEe KaK CINHUYHBIC
HyJIb-aJlIeNI reHoB W, Tak 1 nx komOuHauu. [Ipumenenue
MOJIEKYISAPHBIX MapKepOB IS HISHTH()UKAIIIH aJUICTBEHOTO
coctosinusi reHoB Wx-Al, Wx-B1 w Wx-D1 Moxer crarhb
3¢ GEeKTUBHON OCHOBOM sl CEJICKIMU C TIOMOIIBEO MOJICKY-
JSIPHBIX MapKepoB MO JaHHOMY NpH3HaKy. Ha HauadpHBIX
JTamax oTdopa A M3YYCHHUS aJUICTBHOTO COCTOSHHS TeHA
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Ta6bnuua 4. Homep KOMOUHaLmm CKpelwmnBaHMA N KONN4ecTBo JIVHWI C BbIABNIEHHbIM COYeTaHveMm annenen reHos Wx

N2 KombuHauun

Kon-Bo nNHMI C BbIAABAEHHbIM COYeTaHNEM annenen reHos Wx

CKpelynBanma Wx-Alb+Wx-Ble Wx-Alb+Wx-D1b Wx-Ble+Wx-Dib Wx-Alb+Wx-Ble+Wx-D1b Wx-Alb+Wx-B1b+Wx-D1b
L R S, S, S S
s S S L
T T
L s
T S S s
s T s
S e
Sl e L
O L e L

Wx-B1 nenecoodpa3Ho JIOTOIHUTEIHHO MPOBOANTH CKPUHUHT
¢ KOZOMHHAHTHBIM MapKepoM, paspaboranHeiM M. Saito ¢
koseramu (2009), KOTOpBIH TTO3BOJISAET HACHTH(OUIINPOBATH
reTepo3UroTHbIe pacteHus. OnHaKo paboTa ¢ ’TUM MapKepoM
TpeOyeT MmpoBeneHNs AMEKTPodope3a ¢ BEICOKAM pa3perie-
HHUEM /It O0oJiee TOYHOTO pa3/iesieHHs] Mex 1y (pparMeHTaMu
[P anneneii Wx-Blewn Wx-Bla. llpuBHecenue Hylb-aJliemns
Wx-A1b B muann xomOmHaImu ckpermmBanust Ne 54, 55, 61,
62 MOTIIO TPOM30MTH KaK OT MCIIOIB3yEeMBIX B KaYeCTBE J10-
HOpoB MyTaHTHBIX Gopm P1619381, P1619384 u P1619378,
Tak u o1 copra Crapumaa. [1o nanasiv M.B. Kimmmytmaoii ¢
kosuteramu (2012), 3TOT COPT CITy>KUT HOCUTENEM HyJIb-aJlIeIst
Wx-A1b. B cnyuae NMHUH, MONTYyYEHHBIX NMPH KOMOWHALIUH
ckpenruBanust Ne 56, 58, 70, 71, annens Wx-A1b nepenan ot
noHopoB P1619376, P1619384, P1619381 u P1619377 coot-
BeTCTBeHHO. [Toka3aHo, uTo copT Msrkoi mmenunsr Kopo-
THIIITKA, B KOTOPOM paHee OMTHO0YHO ObIT HACHTH(PHIINPOBAH
HyITb-aJutests Wx-B1b, ciy>xut HocuTesleM (OyHKIMOHAIBHOTO
annens Wx-Ble (Juauryk u ap., 2011). CnenoBarenbHo, STOT
COPT MOYKET OBITH TOHOPOM TIepenadn amuiens Wx-B1le B miHU-
SIX, IOJTyYEHHBIX C €r0 yJacTHeM (KOMOMHAINY CKPEIIBaHUS
Ne 54,55, 61). B myrantubix ¢popmax P1619381, P1619384 u
P1619386 namu ObuT MueHTH(GUIIUPOBAH (QYHKIIHOHATBHBINA
amens Wx-Ble. Annens Wx-B1e Takxke MOT OBITh IEpeiaH OT
PI1619381 u P1619384, a B ciryuae KOMOMHAIIMY CKPEIIMBAHUS
Ne 70 — tompko ot PI619381. YuacTBOBaBIINE B CKpEIIUBA-
HUSIX COpTa HE SIBISIOTCS. HOCUTEIISIMH HYJIb-aJUIeNIei TeHOB
Wx-BI n Wx-DI. Takum 06pa3oM, JOHOpaMH MPUBHECEHUS
amnens Wx-B1b 'y 10 oToOpaHHBIX JTHHAN CITy)KaT MyTaHT-
uele Gopmsl P1619376, P1619377 u P1619378, a B ciryuae
amtens Wx-D1b—P1619381, P1619384, P1619386, P1619377,
P1619378.

OTtoOpaHHbIE IMHAY C UACHTH(OUIMPOBAHHBIMY B HUX aJI-
JIeIISIMH T€HOB WX MPE/ICTABIISIFOT HHTEPEC JUIS CENEKIIMOHHBIX
[IPOTpaMM, HAIPaBJICHHBIX Ha YIy4IICHHE TEXHOIOTHIECKUX
KauecTB 3epHa M MOJY4YEHHE COPTOB MSATKON MIIEHHIBI C
HOBBIMH CBOWCTBaMH Kpaxmaina. JIMHUU ¢ HyJb-aluiesaem
Wx-B1b mepcrieKTUBHBI IJIsi IPOU3BOJCTBA CIIEIHATBHBIX
BUJIOB JIAITIIM, TAKUX KaK yJIOH WM paMeH. JTO CBS3aHO C
BBICOKUMH IOKA3aTeIsIMU 00beMa HAOyXaHHs U MUKOBOU
BSI3KOCTH CKJICHBAHMSI, KOTOPBIE HAOTIOAAIOTCS Y TIIEHHUIIBI C
TIOHIKEHHBIM COJIepy)KaHUEM aMUII03b1. Tak, Harpumep, Ipu-
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TOHOCTh aBCTPATMICKUX COPTOB MSITKOH MIIICHUIIBI JJ151 TIPO-
M3BOJICTBA STIOHCKOH JIAIIIINA YOH YaCTUYHO OOYCIIOBIICHA
HHU3KUM ypOBHEM aMmIIo3bl B 3THX coprax (Oda et al., 1980;
Toyokawa et al., 1989). YcranoBiieHO, 4yTO y OOJIBIINHCTBA
U3 HUX OTCYTCTByeT Oemok Wx-BI (Yamamori et al., 1994).
CBolicTBa KpaxMalia MOJTHOCTHIO Wx-MILIEHUL, HECYLIUX
Hynb-ayenu Wx-A1b, Wx-B1b, Wx-D1b, e nonxonst Jyis
WCTIONB30BaHMS B TIPOU3BO/ICTBE JIAMIIIH, HO MOTYT OBITH ITO-
JIC3HBI JIJIsI IPOMBIIIUICHHBIX 1ierneit. [[puMeHeH e MOTHOCTEI0
Wx-niieHun B cMecsiX 0ObIYHOM MyKH YBEIIMYMBAET BECOBOI
BBIXOJI ITPOTYKTa 1 00BHEM HCTIEICHHOTO XJ1eba, a MyKa, TTOoJTy-
YCHHAS 3 COPTOB Wx-TIIIICHUIIBI B YUCTOM BHJIC, UMEET HH3-
KUH YICTbHBIN 00bEM U JIUIIKYIO CTPYKTYPY MSKHIIIA U HE IO
XOIIUT JJIS BBRITICUKH XJ1eb6o0ymounsrx m3nemnii (Hayakawa et
al., 2004). MakcumanpHOE ColepyKaHHe MYKH WX-ITIICHUTTBI
0e3 CyIIECTBEHHBIX OTPHIIATCIBHBIX M3MEHECHUH KauecTBa
xJy1e000ynouHoro n3nenus cocrasiseTr 30 %. B To xe Bpems
MyKa Wx-TIeHHIsl 001agaeT TOTCHIMAIOM YTy IIUTENs, a
TaK)Ke CIIOCOOCTBYET UIUTEILHOMY XPaHEHHEO TOTOBOH IPO-
nykmmu (Hayakawa et al., 2004).

3aknioyeHune

M3yueHne amienbHBIX BapUAHTOB T€HOB Wx SBISETCS BakK-
HBIM 3TaIOM JUISl CEJICKIIMH COPTOB MSTKOW IIICHHIIBI C U3-
MCHCHHBIM COCTAaBOM Kpaxmalia 663 €ro XUMHUYECKOMN MOJH-
(ukarn. B pesynasrare mpoBeaeHHON paboThI 0TOOpaH IeH-
HBII MCXOIHBIA MaTepuat AJIsl CEJIEKIINU MTKOH MIICHUIIBI C
YIAYYHICHHBIMU TEXHOJIOTMYCCKUMHN Ka4€CTBaMU 3€pHaA.
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@eHOTUMMYECKOe IMMPOSIBJIEHNE a/ljie/Is HU3KOCTeOeIbHOCTI
Rht-Blp (Rht-17) vV IpOBOIi TBEepAOIi ITIIE€HUIIbI
B JIBYX KJIMMaTUYECKUX YCIIOBUSIX
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T Bcepoccuickuii HayuHoO-MCCeoBaTeNbCKII WHCTUTYT CENbCKOXO3ANCTBEHHO 61IOTEXHONOMM, NabopaTopmA NPUKNAAHON FEHOMUKIN
1 YaCTHOW cenekLunn CenbCKoxo3ANCTBEHHbIX pacTeHnin, Mocksa, Poccua
2 Poccnickumin rocyfapCTBEHHbIN arpapHbii yHrBepcuTeT — MCXA um. K.A. Tumnpssesa, LieHTp monekynsapHoi 6uotexHonoruu, Mocksa, Poccusa
3 HauunoHanbHbIn LeHTp 3epHa um. MN.1. JlykbAHeHKo, KpacHopap, Poccua
® e-mail: Irbis-sibrl@yandex.ru

Annenu reHoB, onpenensiolmne H1U3KOCTEGENbHOCTb, UIPatoT GObLUYI0 POSb B CENeKLMM TBEPAON MIIEHNMLbI, Tak Kak
He TONIbKO CHMXalOT BbICOTY pacTeHuid, obecrneunBan nx yCTOMYMBOCTb K MONIeraHunio, HO 1 obnafaloT pAAOM nnemno-
TponHbIx 3bdeKToB. TBephan MlleHnLa HeceT ABa cybreHoma, A 1 B, UTo orpaHMyMBaeT UCMONb30BaHUE annesnen re-
HOB cybreHoma D v TpebyeT paclumpeHuns apceHana annenen HU3KoCTe6enbHOCTY U U3yUYeHUA UX BANAHUA Ha BbICOTY
1 arpoOHOMMYECKM BaxKHble MpU3HaKW. B HacTosAwen paboTe nlyyanu deHoTMnNmMyeckoe npossreHne annena Rht-Blp
(Rht-17) B cembax B,F,.; nonyueHHbix B pesynbrate ckpewmsaHua Chris Mutant/#517//LD222 B nonesom onbiTe B
Mockse n KpacHopape. Moka3aHo, UTO pacTeHUs, FOMO3UrOTHbIe MO annenio Rht-B1p, No cpaBHeHWIO C pacTeHUAMU,
HecyLmmn annenb aukoro tuna Rht-Bla, 6binn HXe Ha 36.3 cm (40 %) B MockBe 1 Ha 49.5 cm (48 %) B KpacHogape. B
nonesom onbiTe B KpacHogape y pacteHuii ¢ Rht-B1p 6bii0 Ha OLHO MEXA0Y3NMe MeHbLUE, YeM Y pacTEHUIA ANKOrO THNa,
YTO TaKe BHEC/10 BKNaf B CHYPKEHME BbICOTbl pacTeHWI. Macca 3epHa B rnaBHOM Kosoce y pacTeHuin ¢ annenem Rht-B1p
6blna HUXKe, YeM y pacTeHuin ¢ Rht-B1a, Ha 12 % B Mockse 1 Ha 23 % B KpacHopape 13-3a cHukeHna maccbl 1000 3epeH
B 060MX permoHax NpoBefeHNA NoneBoro onbiTa. Y1cno 3epeH B raBHOM Konoce y pacTeHuin ¢ Rht-B1p 6bino Bbilwe no
CpaBHeHWI0 C pacTeHnAMU ¢ Rht-B1a Ha 6.5 % B MockBe 6narofiaps yBENMYEHWIO Y/Ca KOTOCKOB B FaBHOM KOMOCE U Ha
11 % B KpacHopape BcnefcTBme 6osblueit 03epHEHHOCTM KOoCKa. KonolueHne y pacTeHuin C annenem HU3KOCTebHO-
CT1 Rht-B1p no cpaBHeHWIO C pacTeHVAMU C annenem amkoro Tina Rht-B1a B KpacHogape HacTynmnmno nosxe B cpefHemM
Ha cemb fHeln. O6CyX[aloTCA BO3MOXHOCTb 1 MEePCNeKTUBbI MCnonb3oBaHua Rht-B1p B cenekumnm TBepAON NIEHNLbI.
KntoueBble cnoBa: TBepAan MiLeHNLa; MONeKyIApHbIe MapKepbl; MNeONTPONHOe [eCTBUE reHa; NoneBol ONbIT; FeHbl
HM3KOCTeBENbHOCTY; arPOHOMMYECKI LieHHbIe MPU3HAKW; BbICOTa PacTeHMA.

Ana uyntuposauna: YepHook A.l, KpynuH IM.10., becnanosa J1.A., MaHyeHko B.B., KoBTyHeHko B.f., baxeHos M.C., Haza-
poBaJl.A, Kapnos /., KpynuHa A.10., AnBawyk M.I. DeHoTUNUYeCKOe NposABNeHe annensa Hu3koctebenbHocTn Rht-B1p
(Rht-17) y apoBoOI TBEpAON MLUEHNLbI B ABYX KIMMATUYECKUX YCIOBUAX. BaBUNOBCKMI XKypHan reHeTUKN 1 cenekuum.
2019;23(7):916-925. DOI 10.18699/VJ19.567

Phenotypic effects of the dwarfing gene Rht-17
in spring durum wheat under two climatic conditions

A.G. Chernook! 2@, P.Yu. Kroupin! 2, L.A. Bespalova®, V.V. Panchenko?, V.Ya. Kovtunenko?®, M.S. Bazhenov! 2, L.A. Nazaroval,
G.L Karlov! 2, A.Yu. Kroupinal, M.G. Divashuk! 2

TAll-Russian Research Institute of Agricultural Biotechnology, Laboratory of Applied Genomics and Crop Breeding, Moscow, Russia

2 Russian State Agrarian University - Moscow Timiryazev Agricultural Academy, Centre for Molecular Biotechnology, Moscow, Russia
3 National Center of Grain named after PP. Lukyanenko, Krasnodar, Russia

® e-mail: Irbis-sibrl@yandex.ru

Alleles of the genes, conferring a dwarfing phenotype, play a crucial role in wheat breeding, as they not only reduce
plant height, ensuring their resistance to lodging, but also have a number of positive and negative pleiotropic effects
on plant productivity. Durum wheat carries only two subgenomes (A and B), which limits the use of the D-subgenome
genes and requires the expansion of the arsenal of dwarfing alleles and the study of their effects on height and ag-
ronomically important traits. We studied the effect of the gibberellin-insensitive allele Rht-B1p in the B,F,; families,
developed by crossing Chris Mutant /#517//LD222 in a field experiment in Moscow and Krasnodar. In our experiments,
plants homozygous for Rht-B1p were shorter than those homozygous for the wild-type allele Rht-B1a by 36.3 cm (40 %)
in Moscow and 49.5 cm (48 %) in Krasnodar. In the field experiment in Krasnodar, each plant with Rht-B1p had one less
internode than any plant with Rht-B1a, which additionally contributed to the decrease in plant height. Grain weight per
main spike was lower in plants with Rht-B1p than in plants with Rht-B1a by 12 % in Moscow and by 23 % in Krasnodar
due to a decrease in 1000 grain weight in both regions of the field experiment. The number of grains per main spike in
plants with Rht-B1p was higher in comparison to that with Rht-BTa by 6.5 % in Moscow due to an increase in spikelet
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MnenoTponHble 3pdeKTbl annena HU3KocTebenbHOCTH
Rht-Blp (Rht-17) y ApoBoiA TBEpLOW MLUEHNLbI B ABYX 30HaX

number per main spike and by 11 % in Krasnodar due to an increase in grain number per spikelet. The onset of heading
in plants with Rht-B1p in comparison with the plants with the wild-type allele Rht-B1a was 7 days later in Krasnodar. The
possibility and prospects for the use of Rht-B1p in the breeding of durum wheat are discussed.

Key words: durum wheat; molecular markers; pleotropic gene effect; plot experiment; dwarfing genes; valuable agro-

nomic traits; plant height.
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BBepeHune

BricoTa niteHuibl — CI0XKHBIN TPU3HAK, KOTOPBIN ONpeiess-
eTcs pa3IMYHBIMU TPYTIIIaMy T€HOB U CBsI3aH ¢ Mopdororueit
1 (EepTHIBHOCTHIO KOJIOCA, BPEMEHEM IIBETEHUS, MPOIYK-
THBHOCTBIO pacTeHus U kKauecTBoM 3epHa (Chen et al., 2016;
Wiirschum et al., 2018a, b). OnHuM H3 MyTell MOBBIIICHUS
YPOXalHOCTH TIIEHUIIBI, 0OCOOEHHO B YCIIOBUSIX WHTEHCHB-
HOTO 3EMJICACIINA, ABJIACTCA OIITUMHU3AIHA BBICOTHI paCTeHHﬁ
3a CYeT CO3/MaHUs HU3KOCTeOSNbHBIX cOpToB (JIyKpsHEHKO,
1970; becmanmona, 2001; Divashuk et al., 2013; Grover et al.,
2018). Haubosbiee 3Ha4eHUE B CO3IAaHUU (POPM TILICHHUIIBI C
ONTHUMAaJIbHOM BBICOTOM pacTEHUM B HACTOALLEE BPEMS UMEIOT
aJJIeTbHbIC BApHAHTHI TEHOB, ONPEACISIONINX BBICOTY pac-
TeHus1, obaaronpe GeHOTHINYECKUM AP (HEKTOM CHUKEHHUS
BBICOTHI pacTeHnit. Cpen MHOT000pa3us TeHeTHIECKHUX (aK-
TOPOB, OTBEYAIOIINX 32 BBICOTY PACTEHUsI MIIICHUIIBI, 0c000e
MECTO 3aHUMAIOT ajljie/ibHbIe BapuaHThl reHa RAt (Reduced
height), mpencTaBIeHHOTO Y MATKOM MIIIEHUITBHI TPEMS TOMEO-
noramu: Rht-A1, Rht-B1 v Rht-D1. DTv TeHBI KOMUPYIOT OCTIOK
DELLA, KOTOpBIii MONABISET POCT KIETOK U PEMPEeCcCUpyeT
ruboepemHOBHIH curHai (Peng et al., 1999). ['nb6epemmma
AaKTUBUPYET POCT KIIETOK, 3amyckas gerpanaunuto DELLA
1 CHUMas PEIPECCUI0 ¢ TeHOB pocra. JIMKuil Tun ajuienei
reHoB Rht-Ala, Rht-Bla u Rht-D1a He nmMeeT cOOCTBEHHOTO
(heHOTHITIYECKOTO IPOSIBIICHNS. MyTalluy B 9TUX TeHaX MOTYT
NPUBOANTH K 00pazoBanuio 6eiaxoB DELLA ¢ noBbinieHHO
CTaOMITBPHOCTHIO, KOTOPBIE HE MOABEPTarOTCs THOOSPEIITHH-
orocpeioBaHHOMY TpoTteonu3y. deHorunuaeckuii ahpext
TaKUX MYTAHTHBIX annenen — pacT€Husd Co CHM)KEHHOU BBI-
COTOM, KOTOPYIO HEJIb3sI BOCCTAHOBUTH BHEITHEH 00paboT-
Kol rnb0epemmHaMu (ruOOepeIITMH-HETyBCTBUTEIBHBIH
(denorun) (Chebotar et al., 2012; bunosa u ap., 2016; Van
De Velde et al., 2017).

YMepeHHOe CHM)KEHHE BBICOTHI PACTCHUH KaK pe3ysbTar
9KCIPECCUM TAKMX aJUIEel M03BOJISIET NOBBICUTH ypOXKai-
HOCTB OJTarogaps CIeayroIuM GakTopaM: HI3KOPOCIIEIE pac-
TeHUs OoJjiee YCTOWYMBBI K IMOJICTaHUIO, BCIICACTBUE YETO
YMEHBIIAIOTCSA MTOTEPHU MPH YOOPKE; y COPTOB, YCTOHUMBBIX K
TOJIETaHNIO0, MOYKHO YBEJIMUUTH HOPMY BBICEBA 10 CPABHEHHIO
C HEYCTOWYNBBIMH, &, CJICZI0BATEIBHO, YBEIMIUTH CTEOIECTOM
Ha EANHMUILY [JI0OLIAAN; Y HU3KOPOCIBIX PACTEHUHN TPOUCXOIUT
THepepacIpesiesieHue aCCHMUIISTOB B TIOJTb3Y Pa3BUBAIOIIETOCS
KOJIOCa, a HE BereTaTuBHBIX opraHoB (JIykbsiHeHko, 1970;
becnanosa, 2001; Hedden, 2003). AJsiesiu reHOB, onpeaesisi-
FOIITE HU3KOCTEOCNbHOCTD, RAt-B1b (Rhtl)n Rht-D1b (Rht2),
CBITpaJIi OOJIBIIYIO POJIb B 3esIeHOH peBomronnu. brarogapst
WX UCTIONB30BaHMIO B cenekiun B Mekcuke, CIIIA u EBpone
ObUIM CO3/1aHBI MPOAYKTHUBHBIE COPTA, YCTOMYUBBIE K TI0-
JIETAHUIO TIPH BBICOKHX J103aX YJOOpPEHUIl M OPOIICHHUH, YTO
MO3BOJIMJIO OTKA3aThCS OT NMpHUMeHeHus perapaantos (Ky-
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maeBa, 2000; Hedden 2003; Borojevic K., Borojevic K., 2005;
Knopf et al., 2008). Amnenu Rht-B1b n Rht-D1b Hapsny c
JPYTHMHU aJUIeIIsIMUA HU3KOCTEOIbHOCTH IOy YHIIN OO0JIbIIoE
pacrpocTpaHEHHE CPEIU OTEYECTBEHHBIX COPTOB MSATKOM
nreHunsl (becamosa u ap., 2012; Divashuk et al., 2013;
MuxoB u 1ip., 2018). Uto xacaercs TBEpAOH MIIEHUIBI, TO
B OTEUECTBEHHOI cejekuuu B mociennue 20 et oTMedeH
3HAYNUTENBHBIA POCT MPOXYKTUBHOCTH COPTOB Oyaronaps
untporpeccuut Rht-B1b v Rht-Ble (Camodaiiosa u ap., 2014;
Mynpoga, SAHoBckuit, 2016), a B COBpEeMEHHBIX HTAIBTHCKUX
1 UCTIAHCKHUX COPTax HanOoJIbIlIee pacrpoCTpaHEHHE MOITy-
91 aJviesb RAt-B1b, KOTOPBIA YBEIUYMI YPOXKAHHOCTh 3a
CUeT 03epHEHHOCTH Koocka (Alvaro et al., 2008). B cospe-
MEHHBIX COPTax MPEACTABICHBI IPEUMYIIICCTBEHHO 3TH J[Ba
ajesnsi, HECMOTPSI Ha pa3HOOOpa3ue MyTaHTHBIX ajliesieit
Hu3KoctedbenpHOCTH (Alvaro et al., 2008; Mansankos, 2009).
[ToMumo npenMyIIecTB, KOTOpbIe naet Rht-B1b, on obnaia-
€T U psIIOM HEeJOCTAaTKOB. Tak, pacTeHus TBEpAOH MIICHULIbI,
HECYIINE ITOT aJJIeNb, UMEIOT 00JIee KOPOTKHUH KOJICOIITHIIB 110
CPaBHEHUIO C PACTEHUSIMU C aiuieneM Rht-Bla, 9To orpaHu-
YKBaeT TyOOKYIO 3a/IeJIKy CEMSIH B PErHOHAaX C HEJJOCTaTKOM
MTOYBEHHOM Biary B epuof nocesa (Trethowan et al., 2001).
B ycioBusix 3acyXu BEICOKOPOCIIBIE paCTEHHUS TBEPAOH IIIie-
HUIIBI ¢ ajuiesaeM RAt-Bla MoryT mokas3arh 00jiee BBICOKYIO
MIPOYKTUBHOCTb, YeM pacteHus ¢ Rht-B1b (Mathews et al.,
2006). Bmecre ¢ TeM pacTeHUsI TBepIOH MIICHUIIBI ¢ RAt-B1b
JIaBAJIU 3€PHO C MEHBIINM BECOM U 00JIee HU3KUM COAEPKAaHH-
emM OenKa, 9T0 MOXKET OBITh cepbe3Hoi mpobiemoit (McClung
etal., 1986; Zaccai et al., 1987). PasnooOpasue aneneii rena
Rht-B1, KOTOpbIE MO>KHO UCIIOIB30BATh JIsl CHUKEHHSI BBICO-
Thbl paCTEHU MIIEHULbI TBEPIOM, 3371€HICTBOBAHO B HACTOSIIIEE
BpeMs He OJIHOCThIO. [Ipostomkaercst akTuBHas paboTa 1o
pacumpeHuo pa3Hoo0pa3usi FeHOB HU3KOCTEOEIbHOCTH, BO-
BJICUEHHBIX B CO3/IaHNE HOBBIX COPTOB TBEPZOI MIICHUIIBI, U
M3YYEHUIO UX BIMSHUS Ha XO3SIMCTBEHHO IIEHHBIE ITPU3HAKH
(Watanabe, 2008; MasbarkoB u ap., 2017; Vikhe et al., 2017,
2019). CpaBHHTENBEHO HETABHO C MOJCKYISPHONW TOUKH 3pe-
HUSI OBUT OITHCAH aJuIeIb HU3KocTeOembHOCTH Rht-B Ip, panee
o0o3HayaeMblii Kak RAt-17 (Bazhenov et al., 2015).
MocxkoBckas obnacts (LlenTpanbubrii paiton Hewuepro-
3eMHOM 30HBI) 1 KpacHomapckwii kpail sSBISTIOTCS BAXKHBIMU
JUIsSL DKOHOMHMKH C TOYKH 3PEHUSI TIPOM3BOJCTBA 3€PHA IS
HYX] HAaCeJIeHWs, )KUBOTHOBOJICTBA U IepepaldaThIBaIOIICH
MPOMBINIICHHOCTH. OHH OTIMYAIOTCS IO TOYBEHHO-KJIMMa-
THUYECKHUM YCIJIOBHUSIM U ITO3BOJISIFOT OLIEHUTH (PEHOTHITYECKOE
MIPOSIBIIEHHE aJIENsl B PA3IMYHBIX ycsoBusax. Hacrosimee uc-
CJICIOBAHME HANPABIICHO HA M3yUeHNE (PEHOTHITHYECKOTO (-
(exra annens Rht-B1p Ha BRICOTY pacTeHUI U IpyTrUe X03si-
CTBEHHO LIEHHBIE MPU3HAKH Y MIICHHUIBI TBEPJOH B TIOJIEBOM
OIIBITE, IPOBEJICHHOM TapanienbHo B Mockse 1 KpacHonape.
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T. aestivum Chris Mutant x T. durum #517
F,x T.durum LD222

B,F; X T. durum LD222

B,F ()
Y
BzF2®

BbipawueaHue B Termue 110 pacteHuit
OT160p romo3urot no Rht-Bip

BoFa3 @
BblceB B Kaxabll pAROK

CeéMsAH C O4HOro pacTteHunAa
B MoneBom onbite

Puc. 1. Cxema nony4vyeHmAa pactuTenbHOro Mmatepuana anAa nposeneHunA
MoJsieBoro onbiTa.

Kpy»KOM C TOUKOW BHYTPY 0603HaYeHO CamMOoOMblieHMe.

MaTepmanbl n Mmetoabl

PactuTenbHblii MaTepual. B xauecTBe MCXOIHOrO MaTe-
puanga HaMHU ucHonb3oBanack nomynsaius B,F, Chris Mu-
tant/#517//LD222, nomydenHast ot mpodeccopa N. Watanabe
n3 YauBepcutera Moapaku (akynbsret arpoHoMuH, SIoHns)
(Bazhenov et al., 2015) (puc. 1). HuzkocrebenbHas THHUS
Msrkoil mmeHunsl Chris Mutant cIyXKUT TOHOPOM aliIens
Rht-Blp, oHa mony4eHa ImyTeM XHUMHYECKOTO MyTareHesa U3
copra Chris (Heiner, Elsayed, 1974).

Pacrenus nonynsuuu B,F, BhIpamuBanm B KOIUYECTBE
110 wr. B Termmue LienTpa MonekynsspHOi OMOTEXHOIOTUHI
(Poccuiickuii rocyIapCTBEeHHBIM arpapHbBIil YHUBEPCUTET —
MCXA um. K. A. TumupszeBa) rnpu J03UPOBAaHHOM TIOJTHBE
1 BHECCHUH PABHBIX /103 YOOpEeHHH. Y Ka)10r0 UHIMBHIY-
anbHOrO pacrenus B,F, ¢ oMoIbr0 MOIEKYIPHOro Mapkepa
(cMm. pazmen MoneKynspHBIi aHAIH3) OTIPEIEIISIIH aIeTEHOS
cocrosiHMe reHa Rht-B1, mocne yero orOMpanu pacTeHus-
TOMO3UTOTHI MO anjensMm Rht-Blp w Rht-Bla. T'omo3urot-
HBIE PACTEHUS MO JIOCTIKEHNT UMM ()a3bl MOITHON CIIENIOCTH
o0OMoIIa4nBay Bpy4HYI0, CEMEHA, COOpaHHBIE C OT/ICIBEHOTO
pacrenust B,F,, npunumanu 3a onny cempro. B pesynbrare
JUIs TIOCEBa B ITOJIEBOM OIIBITE OBLIM OTOOpAaHBI CEMEHA OT
pacTeHuni, TOMO3UTOTHBIX 110 ayesiM Rht-Bla (25 cemeit)

Phenotypic effects of the dwarfing gene Rht-17
in spring durum wheat under two climatic conditions

u Rht-Blp (18 cemeii). CemeHa OT KaX/J0H ceMbH ObLIH pa3-
JIETICHBI Ha JBE YaCTH JUIS TIOCEBA B ITOJIEBOM OIIBITE B ABYX
perronax (Mocksa u KpacHonap).

IToneoii onbIT ¢ pactenusmu B,F, , mpoBoannm 8 Mockse
Ha IlomeBoii onerTHOIM cranmun PTAY-MCXA uMm. K.A. Tu-
mupsizeBa (55°50' c.mr., 37°33' B. n.) u KpacHomape Ha 3eMelhb-
HOM yuactke HanmonanpHoro nentpa sepHa um. ILIL JIykbs-
HeHKo (45°.41" c.ur., 38°.55" B. 1.) B 2018 1. (manee MockBa u
KpacHonmap coorBercTBeHHO). MockBa (LleHTpanbHbIil paii-
oH HeuepHo3eMbs, yMEPEHHO KOHTUHEHTAJIBHBIH KIMMAT)
OTIIMYAETCS OOJBIINM KOJTMIECTBOM OCAJKOB, YMEPECHHBIMHU
TeMIIepaTypaMu U IePHOBO-TIO{30JIMCTHIMH TTOYBAMH, a IS
Kpacuonapckoro kpas (Ceepo-KaBkasckuii pailoH, MATKU
KOHTUHEHTAJIbHBIH KIIMMAT) THITHYHBI BHICOKHE TEMITEPATyPbl
TIpY OOMITBHBIX 0CAIKaX ¥ YePHO3EMHBIE TTOUBBI, TIPH ATOM IS
HEro XapakTepHbl pe3KUe MOrojiHble U3MeHeHus. [loronHble
YCIIOBHS (TeMIepaTypa U 0CaJIkKi) BO BpeMs IIPOBEIACHUS I10-
JIEBOTO OTIBITA OT ITOCEBA 0 OKOHYATEIbHON yOOPKH IoKa3a-
HbI B Ta0. 1. JImnHa cCBETOBOTO JIHS B EPUO/] BHIPALITUBAHUS
pacteHuii B ycmoBusx MockBHI cocTaBisiia 15:35 Ha MOMEHT
moceBa (5 Mas), yBenuunBaiack 10 17:33 (24 uroHs), nauee
CHIDKAsCh 10 14:49 ko nHIO OKOHYATEeNbHOM yoopku (18 aB-
TycTa); CpeaHss InHA JHS cocTaBmia 16:40 (ITHHHBLH cBe-
TOBO JIeHb). J{mHa cBeTOBOTO IHS B IEPUOJ BHIPAIIUBAHUS
pactenuii B KpacHonape cocrapisiia 12:10 Ha MOMEHT ToceBa
(21 mapTa) 1 yBeTM4MBaNIach, JOCTUTHYB 15:34, KO THIO OKOH-
yareabHON yoopk# (30 UrOHs); CpeHsIs ITMHA JJHS COCTaBUIIa
14:23 (xopoTkuii cBeToBOH AeHb). [loceB ocyuiecTBIsIM B
Mockse 5 mas, B Kpacromape — 21 mapra 2018 r. IToces B
JIBYX PETHOHAX MPOW3BOAMIN KaCCETHBIM CIIOCOOOM CeleK-
nnoHHo# cesuikoit CKC-6-10 npu creayomux mapameTpax:
JUIMHA JENSHKY 1 M, B 4 psifika ¢ pacCTOSHUEM MEXIy psa-
kamu 30 cm (Mocksa) wm 40 cm (KpacHomap), paccTosiHue
Mexay aenstHkamu 50 cM. COpHSIKH BBINAJIBIBAIN BPYUHYIO,
TIPOBOIMIIN HEOOXOTUMYIO 00pabOTKY ITeCTUIHIAMHU IS 3a-
IIXTHI pacTeHU oT Bpenuteneit. Kaxknoe pacrenne yonpanu
BPYUHYIO OTJICIIBHO, 110 JIOCTHXXEHHUIO UM (ha3bl MOJIHOM crie-
JIOCTH; OKOHYATENIbHBIN NeHb YOOPKH B MOCKBE MPHILEINCS
Ha 19 aBrycra, B KpacHonape — Ha 30 utons. O6motoT mpo-
BOIUIIM Ha KosocoBor Monotuiike MKC-1M (BUM-M30K,
Mocksa, Poccwst).

®eHOTHNIHPOBAHME. BBIMOTHIIN CTPYKTYpHBIN aHAmu3
Ka)XJJOr0 WHIMBHIYaJIbHOTO PACcTeHUs 10 cieayromum de-
HOTHITHYECKUM IIPU3HAKAM: BBICOTAa PACcTeHUl (CM), JUIMHA

Ta6bnuua 1. ArpomeTeoponornyeckrie ycnoBus B neprog npoBeaeHus nonesoro onbita 8 Mockse n KpacHopape B 2018 T.

Mecsau MockBa KpacHopap
5 maa-19 aBsrycta 2018 . 21 mapTta-30 nioHA 2018 .
CymmaaktusHbix  Cpegan Cymmaocagkos  CymmaaktusHbix  Cpegwan Cymma ocagKos
TemnepaTyp Temnepatypa TemnepaTyp Temnepatypa
M apT ..................... R R e 1 42 ............................. 6 4 .............................. 3 8 .............................

A.—. pe n b ................. e S S 2 345 ........................... 138 ............................ 2 6 .............................

M a.,. ....................... 3 288 ........................... 161 ............................. 105 ............................. 4 731 ............................ 194 ............................ 4 3 .............................

Mwa ..................... 3 914 ........................... 173 ............................ 107 ............................. 5 407 ........................... 2 41 ............................. 11 ..............................

|/|,om, ..................... 5 097 ........................... 2 05 ............................ 190 ............................. T T S

ABFYCT ................... 2 926 ........................... 2 03 ............................ 3 9 ............................... e S S
Gmwa S5 ML s s
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KaJIOTO MEKA0Y3/IHsA (CM), KOTMUECTBO MEKI0Y3IUH, ITHHA
TJIAaBHOTO KoJioca (CM), YMCIIO KOJIOCKOB B TIIABHOM KOJIOCE,
Macca 3epHa ¢ TIIaBHOTO KoJioca (T), YHCIIO 3€PEeH C IIaBHOTO
KoJoca (T), YUCIIO 3€PEH B KoJIoce (OTHOLIEHHE YUCIIa 3epeH
B IVIABHOM KOJIOCE K YHCITy KOJOCKOB B IJIJABHOM KOJIOCE);
BEreTaTHBHAs Macca HaJA3¢6MHON YacTH IIaBHOTo rodera /10
obmortora. Ha ocHOBaHHMHM M3MEPEHHBIX BETMUUH PACCUUTHI-
BaJIM CJIEIYIOIINE MOKa3aTeNu: TUNIOTHOCTh KoJjoca (YUCIIo
KOJIOCKOB B IIaBHOM Koiyioce Ha 10 ¢M JUITMHBI KOJIOCOBOTO
crpexHs), Macca 1000 3epeH (ThICsTUeKpaTHAs Macca 3e€peH ¢
IIaBHOTO KOJIOCA 110 OTHOUIEHHIO K YHCITy 3€PEH C ITIaBHOTO
KOJIOCA), 03€PHEHHOCTH KOJOCKA (YHCIIO 3€peH B INIaBHOM
KOJIOCE 110 OTHOILICHHIO K YHCITY KOJIOCKOB B INITABHOM KOJIOCE),
yb6opounsrii naaekc (Kxo3, oTHOImEHEe MacChl 3epeH C IaB-
HOTO KOJIOCA K BEreTaTHBHOW Macce Ha/I3MHOI 4acTH IaB-
HOro mobera 10 00Mo0Ta). JlaTy HACTYIUICHHS KOJIOLICHUS
OTIPEACTISIIN B IIEJIOM JUIsl OT/ACNBHON CEMbU BU3YallbHO. 13
Ka)XZI0M ceMbu aHaJIM3upoBaiu o 15 pacrenuil. [loncuer ce-
MSIH OCYIIECTBIISUIN ¢ TIOMOILbIo npuiiokeHus SeedCounter
(Komyshev et al., 2017).

MoJiekyasipHbIi aHaIU3. M3 KaXK1010 MHIMBUIYATbHOTO
BEreTHPYIOIIETO pacTeHus 13 iucta obuia BeiaeneHa JJHK u ¢
MIOMOIIBIO MOJIEKYJIIPHBIX MAPKEPOB YCTAHOBIICHO AJIJIEIbHOE
cocrostnue rena Rht-B1. 'enomnyto JIHK skerparuposanm u3
UHINBUAYATBHBIX BereTupyromux pacrenuit CTAB metonom
(Bernatzky, 1986). AnmnensHoe cocTosaue reHa Rht-B1 ompe-
nensinu mertopom TP ¢ mpuMeHneHneM NByX nap npaiMepon
JUISL KQXKJIOTO M3 N3yYaeMbIX aJlIeIIeii: ISl BBISIBICHUS aJlIesist
Rht-B1a ncnonp3oBanu napy npaitmepos Rht-B1-R1au BF; a
aytenst Rht-B 1p —napy npaiimepos Rht-B1p-R u BF (Tat6um. 2).
IIpaiimeps! cuntesuposansl OO0 «Cuntom» (Mocksa, Poc-
cust). Takum 006pa3om, Kaxx10€ pacTeHHE IPOBEPSUTH TBAKIBI:
Ha Hanmaue Rht-Bla v Ha ipucytcTBue Rht-Blip.

CocraB peakuuoHHoit cmecu u ycnoBus [TIIP coorBet-
CTBOBAJIM IMPOTOKOITY, onricanHoMy B (Bazhenov et al., 2015).
Peaxnuro [TLIP nmposoanmu B mpndope GeneAmp PCR System
9700 (Applied Biosystems, ®octep Cutu, Kanudopuus,
CIIIA). Pa3mep aMIUIMKOHOB yCTaHABIUBAIN METOIOM JJIEK-
Tpodopesa B 1.5 % arapozHom rese ¢ 1o0aBiIeHuEM OpOMH-
ctoro tuaus B Tpuc-6opat-D/ITA Oydepe u nmocneayroriei
Busyanm3anueii rens B cucreme Gel Doc XR+ (Bio-Rad La-
boratories, Inc., 'epkynec, Kanmudopnus, CILIA). B kauectse
Mapkepa pazmepoB npumensuin mapkep GeneRuler 100 bp
DNA Ladder (Thermo Fisher Scientific, Yorxrem, Maccauy-
cerc, CIITA). Pa3mep 11emeBoro nmpoykTa aMIuiupuKaniy mpu
MCIIOJIb30BaHUK 00EUX Map mpaiMepoB cocTaBis 226 . H.
(Bazhenov et al., 2015).

Crarucruyeckuii anaam3. [ kaxxaoro GeHOTHITITYECKO-
o MpHU3HaKa ONPEAEIsUTN CpeiHee 3HAYEHUE U CTaHIapTHOE
oTkioHeHne. [lomyueHHbIe maHHBIE 00pabdaThIBaIA C TIO-
MOIIBIO JIBYX()aKTOPHOTO AMCHEPCHOHHOTO aHayim3a: (ak-
Top 1 —aitensHOe cocTosiHue rena Rht-B1, haxrop 2 — pernox
MIPOBEAEHUSI ITOJIEBOTO OIBITA. 3HAYUMOCTD PA3HOCTH MEKIY
CPeIHUMH 3HAYCHUSIMU TI0 BCEM H3YYaeMbIM NPHU3HAKAM y
pacTeHuii, rOMO3UTOTHBIX 10 Rht-Bla v Rht-Blp, B 1BYX
pETHOHAX MPOBE/ICHHS TOJIEBOTO OTBITA BBISBIISUIN HOCPEa-
CTBOM KPHUTEpHsl HAaUMEHbBIIECH CyIIeCTBEHHON Pa3HOCTH Ha
95 % yposre noseputenbHoi BeposaTHocTu (HCP 5). dns
BU3yaJM3aIMN BIUSHAUS RAf-BIp Ha BBICOTY, Maccy 3epeH ¢
IIaBHOTO KOJIOCA, YKCIa 3€PeH C TIIABHOTO KOJIOCA W Maccy
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MneioTponHble 3pdeKTbl annens HU3KOCTEGENbHOCTM
Rht-Blp (Rht-17) y ApoBoiA TBEpLOW MLUEHNLbI B ABYX 30HaX

Ta6bnuua 2. MNpaimepbl 4ns onpefeneHna annenemn
Rht-B1awn Rht-B1p

Mpanmep HykneotugHaa nocnegosaTenbHOCTb
BF5GGTAGGGAGGCGAGAGGCGAG3 .................
RhtBlaR  5-CCATCTCCAGCTGCTCCAGCTTATG3
RhtBIpR  5-CCATCTCCAGCTGCTCCAGCTTATA3

1000 3epeH HaMu OBLT MPOBEICH aHAIKM3 METOJIOM TJIABHBIX
KOMITOHEHT. Pe3ynbraTsl aHain3a MHTEPIPETUPOBATIH Ha
OCHOBAaHUM Y4EOHBIX MocoOmii mo craructuke ([locnexos,
1985; StatSoft, Inc., 2012). Bce aHamu3bl 0CyIIECTBISIIH C
moMoIIsIo mporpammsl Statistica 12.0 (StatSoft, Inc., Tanca,
Oxnaxoma, CIIIA).

denorunnueckuii apdexr Rht-B1p orHocurensHo Rht-Bla
OTIPEACIIIIN KaK pa3HUIly Mexxay cpemHuMH (Cp) U1 KasKI0ro
(heHOTHIIMYECKOTO MTPU3HAKa Y TPYTII paCTeHNH, TOMO3UTOT-
HBIX 110 ajuiesisiM Rht-Blp (renotun Rht-B1p Rht-Blp) v Rht-
Bla (renotun Rht-Bla Rht-Bla). 3nadenne HeHOTUTHIECKOTO
addexra Rht-Blp, HOpMUpOBaHHOE OTHOCUTENBHO Rht-Bla
(H®D), onpeaensiiu Kak yKa3aHHYIO pa3HUIYYy OTHOCUTEIBEHO
CpeIHET0 3HAUECHUSI N3y4aeMOro (PeHOTHUITNYECKOTO IIPU3HAKA
y TPYIIIBI pacTeHUH, TOMO3UTOTHBIX 10 aento Rht-Bla
(renotun Rht-Bla Rht-Bla), BBIpa)XeHHYIO B IIPOLIEHTAX:

H®D Rht-Blp (%) =
_ Cp(RhtB1p RhtB1p)~Cp(RhtBlaRhtBla)

-100.
Cp(RhtBlaRhtBla) 00

Pe3ynbratbl

MoJiekyasipHbIIi aHaJIM3. B pe3ynasTare MOIeKyIsIpHOTO aHa-
71332 HAMH WAECHTH(HUINPOBAHO AJIIEITLHOE COCTOSHHUE I'eHa
Rht-B1'y otneneHbIX pacTeHuii nonynsauuu B,F, (Ilpunoxe-
rue 1)!. Ha 0cHOBaHNHM MOy 9EHHBIX TAHHBIX ObLITH OTOOPAHBI
pacTeHus, TOMO3UTOTHBIE TI0 ayutessaM Rht-Bla (25 pactenuii)
u Rht-Blp (18 pacrennii). CeMeHa ¢ 3TUX PAaCTEHHH ObUIH
pasieneHsl Ha JIBe 4acTH U BeIcesHbl B Mockse u KpacHonape
B IIOJIEBOM onbITe. [IpoBesieHo n3yueHne GeHOTUITNIECKOTO
nposiBiieHust Rht-Blp Ha OCHOBHBIC arpOHOMHYECKH IIEH-
HBIE IPU3HAKU Y TBEPJOH MIICHUIIBI B YCIOBUSIX MOCKBBI U
Kpacuonapa.

Bobicora u meskaoy3aust. J{ucrnepcuoHHbIN aHaIu3 pe3yiib-
TaTOB I0JIEBOro omnbITa B MockBe 1 KpacHonape nokassIBaeTt
3HAUUMOCTB Ha 5 % ypOBHE BIUSHNUS JIJIETBHOTO COCTOSIHUS
Rht-B1, pernoHa npoBeJeHHUS TIOJIEBOTO OMbBITA, & TAKKE X
B3aUMOJICHCTBUA Ha BbicoTy pacTteHuil (IIpunoxenue 2).
O1eHKa 3HAUUMOCTH Pa3HOCTEH MEXIy CPeIHHMHU 3Haue-
HUSIMH M3YyYaeMbIX MPH3HAKOB y PACTEHUH, TOMO3HTOTHBIX
1o Rht-Bla u Rht-Blp, c nomomsio kpurepus HCP,, . nana
CJIelyIOIIHe Pe3ynbTaThl. PacTeHus ¢ aneneM AUKOTO TUIA
Rht-Bla 3Ha4MMO BHIIIE PACTEHUH C ajuIeleM JUKOTO THIIa
Rht-Bla B Mockse — Ha 13.7 cM. B 10 e Bpems pacTeHus ¢
anyeneM HI3KoctedensHOCcTH Rht-B1p B Kpacromape n Mock-
BE CYIIECTBEHHO HE OTIMYAIOTCS JPYT OT JpYra I10 BBICOTE
(tabun. 3, [lpunoxenue 3). Pacrenus ¢ amienem Rht-Blp no
CPaBHEHUIO C PACTCHUSIMH, HECYIIIIMHU aJUIENb JUKOTO THUIIA
Rht-Bla, obin Hyoke Ha 36.3 cm (40 %) B Mockse nHa 49.5 cm
(48 %) B Kpacuomape (cm. Tabn. 3, [punoxenue 2). I[Ipu

1 Mpunoxexna 1-4 cm. no agpecy:
http://www.bionet.nsc.ru/vogis/download/pict-2019-23/appx21.pdf
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Ta6nuua 3. BnusaHue annensa Rht-B1p Ha OCHOBHble arpOHOMMUYECKY 3HaUYKMbIe MPU3HAKM

B CeMbAX TBepAoi nweHunubl B,F,.5 (Chris M1/#517 xLD222)

MockBa

Mpur3Hak

KpacHogap

B TaﬁJ’II/ILl,E OTpa)KeHbl CpefiHMe 3HaueHUA + CTaHAAPTHOE OTK/IOHEHne. * CpenHme, OTMeY€eHHbIe OANHAaKOBbIMUN 6yKBaMI/I, He3Ha4yMO OT/InYalTCA APYr OT Apyra

no HCPg os.

CPaBHEHUH JUIMHBI MEX/I0Y3JIUi HanOobIIas abCoIoTHAS
Pa3HOCTh MEXK/Y PACTEHUSIMH, TOMO3UTOTHBIMHY 110 RAt-Blp n
1o Rht-B1a, Oplia BRISBIICHA IO IEPBOMY BEPXHEMY MEKI0Y3-
0. [lepBoe BepxHEe MEXKI0y3/IHE Y PACTEHHI, TOMO3HIOT-
HBIX 110 Rht-B1p, kopoue, yeM y pacTeHHH, TOMO3UTOTHBIX I10
Rht-Bla, B Mockse Ha 22.4 cm (46 %), a B KpacHomape — Ha
27.0 em (52 %) (cm. Tabdm. 3, [Ipunoxenue 3).

o pesynpraram qUCIEPCUOHHOIO aHAIN3a [10Ka3aHa 3Ha-
YUMOCTb Ha 5 % ypOBHE BIHMSHUS aJUIEIBHOTO COCTOSHUS
Rht-B1, pernoHa poBe/ICHNS OJIEBOTO OMNBITA M X B3aHMO-
JIEHCTBUS Ha KOJIMYECTBO Mek10y3uid (cM. [Ipunoxkenue 2).
o cpaBHEHHU!IO € pacTeHUsIMH, BbIpalleHHbIMU B KpacHonape,
y pacTeHui ¢ ajteseM Aukoro tuna Rht-B1a B Mockse ObII0
B CPEHEM Ha OTHO MEX/I0y3JIMe MEHBIIIE, & Y HU3KOPOCIBIX C
amneneM Rht-Blp — B cpeqreM Ha 0.6 MEXI0Y3TIHIA MEHBIIE
(cm. Tabn. 3, [Mpunoxenue 3). Y pacrenwnii ¢ Rht-Blp xonn-
YEeCTBO MEXJ0Y3/I1i B yciaoBusx MockBbl Obuto Ha 0.2 1mT.
MeHbIIIe, YeM Y pacTeHuit ¢ Rht-Bla, a B KpacHomape — Ha
0.7 wT.; pazHuna HaOIIOMANIACH 110 YETBEPTOMY BEPXHEMY
Mexa0y3auio (cMm. Tabdn. 3, [punoxenue 3). B ombite B
MocKkBe 4eTBEepTOE BEpXHEE MEK10y3JHe ObUIO TONBKO Y 1 %
pacrtennit o6oux renotunos (puc. 2). B onbite B Kpacnonape
YEeTBEPTOE BepXHEee Mex10y3nue umenu 69 % pacreHuii-ro-
MO3HUTOT 110 Rht-Bla, n Tonbko 4 % roMo3urot — o Rht-Blp.

CrpoeHue U NPOAYKTHBHOCTH Koj1oca. Pe3ynbrars muc-
MEPCUOHHOI0 aHAJIN3a JAHHBIX [TOJIEBOTO OIBITA TOKA3BIBAIOT
3HAUMMOCTh Ha 5 % ypOBHE BIUSIHUS PETHOHA ITPOBEICHUS
TIOJIEBOTO OMBITA U B3aUMOJICHCTBHS PETHOHA U aJLICIBHOTO
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Puc. 2. [In1Ha MeXaoy3nuii CONOMWHbI FaBHOTO nobera W rnaBHOro
Konoca y pacTeHuin TBeppoi nwenutbl ByF,.3 (Chris M1/#517 x1LD222)
B nosieBoMm orbite B Mockse 1 KpacHopape.

Mo ocn opavHart - BbicoTa (cm), Mo ocun abecuymucc — reHotun (Rht-Bla Rht-Bla
1 Rht-B1p Rht-B1p). CBepXy BHW3 MOKa3aHbl: [MaBHbI KOJIOC, MOAKOIOCOBOE
(nepBoe BepxHee) MeXA0Yy3Nne; BTOPOe BepXHee Mex/oy3nune; TpeTbe BepX-
Hee MeXAO0Yy3Nne; YeTBepToe BepxHee Mex[oy3snme (ToNbKo y pacTeHnin Rht-
BlaRht-B1a B KpacHogape, Ha fimarpamme nokasaHo TEKCTYPOI); BTOPOE HIX-
Hee MeXJoy3nie; NepBoe HIKHee MeXAoy3nme.
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cocrosiHusi Rht-Bl Ha AJMHY KOJIOCA U YKCJIO KOJIOCKOB, a
TaK)Ke peTHOHAa — Ha INIOTHOCTH KoJtoca (cM. [Iprmoxenue 2).
Konoc y pactennii kax ¢ ayutenem Rht-Bla, Tak u ¢ ayuiesnem
Rht-Blp, B KpacHogape uMeeT 3HaUMMO OOJIBIIYIO JUTHHY H
YHCIIO KOJIOCKOB M 3HAUMMO MEHBIIYIO INIOTHOCTH. OIHAKO
Pa3HHUIIA 10 YUCITY KOJIOCKOB Y HU3KOCTEOCIBHBIX PACTEHHH C
aieneM Rht-B1p mexay MockBoi 1 KpacHogapom 3amMeTHO
MenbIe (cM. Tabm. 3, [Tpunoxenue 3).

XoTs JUIMHA TIIAaBHOTO KOJIOCA Y PACTEHUH, TOMO3UTOTHBIX
no Rht-Blp, B MockBe u KpacHonape 3HauuMO MEHBbIIE
JUTMHBI TJIABHOTO KOJIOCA Y PACTEHHM, HA 2 U 3 MM COOTBET-
CTBEHHO, OTHAKO 3TO PA3IMYHE B YCIOBHSAX TOJICBOTO OIBITA
HE UTPaeT CyIIECTBEHHOMN poitu (cM. Tadi1. 3, [Ipunoxenue 3).
Umncno KOIOCKOB y PacTeHH, TOMO3UTOTHBIX 10 Rht-Blp,
10 CPAaBHEHHIO C PAaCTEHUSIMH, TOMO3UTOTHBIMU 110 Rht-Bla,
6bu10 OoJtbIe Ha 0.6 TIT. (4 %) B MockBe 1 MeHbIie Ha 0.7 T,
(4 %) B Kpacuomape (cM. Tabm. 3, [Tpunoxenue 3).

[lo pe3ynmbraram AMCIEPCHOHHOTO aHAIN3a ITOKa3aHa 3Ha-
YUMOCTh Ha 5 % YypOBHE BIIMSHHS aJJIEIbHOIO COCTOSHHS
Rht-B1, pernoHa mpoBEICHUS MOJEBOTO OMBITA M MX B3aH-
MozercTBus Ha Maccy 1000 3epeH, 03epHEHHOCTB KOJIOCKa,
Maccy W 4Hcio 3epeH B kojoce (cM. [Ipunoxenue 2). Pac-
TeHUs ¢ aieneM Rht-Bla B ycnoBusax ombiTa B MOCKBe HE
OTJIMYAIOTCSI OT TAKOBBIX B YCIIOBUSIX ombITa B KpacHonape mo
03EpHEHHOCTH KOJIOCKA, HO CYIIECTBEHHO YCTYHaroT UM IO
YHCITy 36PEH B KOJIOCE (32 CUET MEHBIIIETO YHCIIa KOJIOCKOB B
kosoce) u macce 1000 3epen. Taknm obpa3om, Macca 3epeH
B IJIABHOM KOJIOCE Y pacTeHuii ¢ ajutenem Rht-Bla na 18.4 %
HIKe B Mockse, yeM B KpacHomape. AHanmu3 pacTeHui ¢ aji-
neneM Rht-Bp oka3bIBaeT, 4To B YCIOBHUSIX ONBbITa B MOCKBE
pacTeHus UMEIOT 3HAYMMO MEHBIIINE 03€PHEHHOCTh KOJIOCKA
1 YHUCIIO 3€PeH B KOJIOCE 10 cpaBHEHHUIO ¢ KpacHomapoM, HO
6naromaps Tomy, uro macca 1000 3epeH y HU3KOCTEOETbHBIX
pactenuil B Mockse Bhllle, 4eM B KpacHopmape, pa3sHuia mo
Macce 3epeH B INIABHOM Kousioce Mexy Mocksoii u KpacHo-
JIlapOM TIOYTH B J[Ba pa3a MEHBIIE, YeM MEX/Ty PACTCHHSIMHU
¢ ajeneM aukoro tuna Rht-Bla, v cocrasisieT 7 %. Takum
00pa3om, MPOTYKTUBHOCTE KoJloca y pacteHui B KpacrHomape
BEIIIIE, YeM B MOCKBe, KaK y pacTeHul ¢ ameneM Rht-Bla,
TaK U ¢ ajuieneM Rht-Blp, npy 5TOM pazindue Mexay HU3KO-
POCIBIMH PACTEHUSIMU MEHBIIIE, Y€M MEK/LY BBICOKOPOCIIBIMU.
D10 00BACHSIETCS TeM, 9TO CHIKeHHE Macchl 1000 3epeH mox
BiusiHueM Rht-Blp Gonee cuibHOe B onbiTe B KpacHomape
(o 30.8 ), wem B Mockae (70 35.9 1) (cm. Tabm. 3, Ipwuio-
JKeHue 3).

Macca 3epeH IIaBHOTO KOJIOCA Y PACTEHHH, TOMO3UIOT-
HBIX TI0 Rht-Blp, Obpl1a CTaTUCTHYECKH 3HAYUMO HIDKE, 9eM
Y pacTeHHid, TOMO3UTOTHBIX N0 RA#-Bla, B 000MX pernoHax
IpoBesieHus noneBoro onbita: B Mockse Ha 0.2 T (12 %), B
Kpacnonape Ha 0.4 r (23 %). Macca 1000 3epeH y pacteHui,
TOMO3HMIOTHBIX 10 RAt-Blp, Obla CTAaTUCTUYECKH 3HAYMMO
HIDKE, UM Y PaCTEHHH, TOMO3UIOTHBIX 10 RAt-Bla, B 060ux
perrnoHax MPOBEACHHUS MOJIEBOTO onbiTa: B Mockse Ha 7.0 T
(16 %), B Kpacnonape na 13.7 v (31 %). Yncno 3epen B
KOJIOCKE (03epHEHHOCTh) B MOCKBE HE pa3ianyanoch MEXIY
renotunamu Rht-Blp n Rht-Bla; B KpacHonape y pacTeHuit
¢ Rht-BIp uncno 3epeH B kosocke Obu10 Ha 0.3 Gomnbiie, uem
y pacteHuii ¢ Rht-B1a. Ynco 3epeH T1aBHOTO KOJI0ca Y pac-
TEeHUH, TOMO3UTOTHEIX 10 Rht-Blp, OBIIO CTaTHCTUYECKU
3HAYMMO BHIIIIE, YEM Y PACTCHHI, TOMO3HUTOTHEIX 110 Rht-Bla,
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B 000HX peruoHax MpoBeACHMS MOJIEBOTO OMbITa: B MOCKBe
Ha 2.0 mT. (6.5 %), B KpacHomape na 4.2 mT. (11 %) (cMm.
tabm. 3, [Ipunoxenne 3).

Takum oOpasom, B pesynbrare Biusinust Rht-B1p B Mockse
HaOII0/1a710Ch YBEIMYEHNE YNCIIA 3€PEH B KOJOCE 3a CUEeT
YBEIIMUYCHHUS YHCIIa KOJIOCKOB, a B KpacHomape — 3a cuer yBe-
JIMYEHUST 03€PHEHHOCTH KOJOCKA OTHOCUTEIBHO PACTCHUH €
amneneM Rht-Bla. Tlo3utuBHbIN (eHOTHIIMYECKUH 3 dexT
Rht-BIp Ha 4ncio 3epeH ¢ NIaBHOTO KOJIOCa M OTPUIIATEIbHOE
€ro Bo3/IeiicTBHE Ha Maccy 3epHa ¢ konoca u Maccy 1000 3epen
B Kpacnomape nmpumMepHo B aBa pasa 6omnblie, ueM B MockBe
(cM. Tabm. 3, [punoxenue 3).

JlucnepcHoHHBIH aHaMU3 MOKa3al 3HAYUMOCTh Ha 5 %
YpOBHE BIHSHUS AJUICIBHOTO COCTOSIHUSA Rht-B1 n pernoHa
MIPOBE/ICHNUS TIOJIEBOTO OIBITAa Ha YOOPOYHBIH WHJAEKC (CM.
[Ipunoxenue 2). CpaBHEHHE CPEAHUX 3HAUCHUI MOKa3ao,
9YTO YOOPOUHBIN HHACKC pacTeHUH B MOCKBE 3HAYMMO BHIIIE,
yeM B KpacHonape, y pacteHuil kak ¢ amiensmu Rht-Bla
(ua 33 %), Tak u ¢ Rht-Blp (Ha 34 %), X0Ts 1 Macca 3epeH
B KOJIOCE, 1 BEereTarnBHAs Macca pacTeHuil B MOCKBe ObLH
CTaTHCTHYECKH MEHBIIIE TT0 00eNM TpyTaM TeHOTHIIOB (CM.
tabun. 3, [lpunoxenue 3). Takum 0OpazoM, pacTeHus B 1oJje-
BOM OIBITe B MOCKBe OKa3aiuch Oonee 3(h(heKTHBHBIME IO
UCTIONIb30BAaHNIO HAKOTUICHHBIX ACCHMHJISITOB.

Y6opouHbIil HH/IEKC PaCTEHNI, TOMO3UTOTHBIX 110 Rht-Blp,
OBUT 3HAYMMO BBIIIE, YEM y PACTCHUI, TOMO3UTOTHBIX II0
Rht-Bla, B Mockse Ha 11.3 %, B KpacHomape — na 10.1 %.
IIpu »TOM BereraTuBHas Macca ObUIa MEHBIIE y PacTEHUH,
TOMO3UTOTHBIX 0 RAt-Blp, O CpaBHEHHUIO C PaCTCHUSIMH,
TOMO3HMTOTHBIMU 10 Rht-Bla, na 22 u 30 % B MockBe u
Kpacnonape coorBercTBeHHO. TakuM 00pa3oM, yBelIHYeHHE
yOOpOYHOTO MHJEKCA MPOU3O0IUIO HE 33 CUET YBEINUCHUS
Macchl 3epHa (Y HU3KOCTeOeIIbHBIX pacTeHUH OHa ObljIa MEHb-
11e, YeM y BBICOKOCTEOCNBHBIX), @ BCIEACTBUE YMECHBIICHUS
HENPOIYKTUBHOU OroMaccsl (cM. Tabm. 3, [Tpunoxenue 3).

Cpoku koJjomeHusi. /[MCIepCHOHHBINA aHANU3 MOKa3all
JIOCTOBEpHOE BIUsSHUE (Ha 5 % ypoBHE 3HAUMMOCTH) Ha CPOKH
KOJIOIIICHHS KaK aJIeTTBHOTO COCTOSTHUSA RAt-B 1, Tak ¥ peTHOHA
MIPOBEIEHHS [TOJIEBOTO OMBITA, a TAKXKE U MX B3aMMOICHCTBUS
(cwm. ITpunoxkenue 2). B moneBom omnbiTe B MOCKBE pacTeHus,
TOMO3UTOTHBIE 110 Rht-Bla m Rht-B1p, BEIKOIAINBAINACE CO-
OTBETCTBEHHO Ha 9 1 15 HeH 3HaYMMO paHbIIIE, UEM B OIIBITE
B Kpacuomape (cM. tabm. 3, [Tpunoxenue 3).

B cpenHeM mepuox OT moceBa A0 KOJOIICHUS B OIBITE B
MockBe 6611 KOpoue, 4eM B KpacHomape, 4To MOXKeT OBITh
00yCIIOBJIEHO pa3HHIIEH B MPOJIOKUTEILHOCTH U IMHAMUKE
n3MeHeHwus cBeToBoro aHs. Komomenne y pacrennii ¢ Rht-Blp
B OITbITE B MOCKBE HACTYIIHJIO B CPEAHEM Ha 2 JTHS TIO3KE, YeM
y pacrenuii ¢ Rht-Bla; B onbiTe B KpacHonape konomienue
HACTYIIMJIO B CPEIHEM Ha 7.2 JIHS TO3KE 10 CPABHEHHUIO C
pacrenusimu ¢ Rht-Bla (cm. Tadn. 3, [lpunoxenne 3).

Ouenka niaeioTponHeix 3¢ dexToB annenss Rht-Blp
MeTO/IOM IVIaBHBIX KOMIIOHEHT. B pe3ynbrare aHammsa Me-
TOJIOM TJIABHBIX KOMITOHEHT HaMH OBIIO BBIIEIEHO /1B (ak-
Topa: aktop 1 MMeer Hanbosiee BBHICOKYIO KOPPEISIIMIO C
BBICOTOI{, aJIeNbHBIM COCTOSHUEM Rht-Blp, Maccoit 3epeH
B Kostoce 1 Maccoit 1000 3epen, cpokaMu KosomieHust, dak-
TOp 2 — € Maccoii 3epeH B INIABHOM KOJIOCE, YHCIIOM 3€PEH B
IJIaBHOM Kosioce M yoopounsiM nHAEKcoM (Kx03) B 00omx
perroHax npoBeIeHNs 1oJeBoro onbiTa (cM. [Ipunoxenne 4).
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Puic. 3. Pe3ynbTaT aHanu3a rnaBHbIX KOMMOHEHT BNUAHMsA Rht-B1p Ha oc-
HOBHbIE arPOHOMUYECKU 3HaUYMMble MPU3HaKM Y pacTeHN TBepAOIA Nniue-
HULbI, MO pe3ysibTaTam MoNIeBoro onbiTa B ceMbaAx ByF,.5 Chris M1/#517 x
LD222 B MockBe (a) n KpacHogape (6).

B - BbicoTa; M3 — macca 3epeH rnaBHOro Konoca; 43 — uncnio 3epeH rnaBHOro
konoca; M - macca 1000 3epeH; K - cpok KonoleHus (gHeln oT noceBa Ao KO-
noleHus). YepHbiMm Toukamm 0603HaueHbl ceMby, Hecylve annenb Rht-Bip,
6enbiMn — cembu, Hecylwme annenb Rht-Bla.

®akrop | o0bsicHsIeT 56 % 1 76 % MUCTIepcu, B TO BPeMst Kak
taxrop 2 —22 % u 15 % nucnepcun B Mockse u KpacHopa-
pe cooTBeTCTBEHHO. CeMBbH CTPYNINPOBAIINCEH O TOPH30H-
TAIBHON OCH TIO BBICOTE PACTCHUH, a 10 BEPTUKAIBLHON OCH
HaOIoaeTcsl TeHASHINS IPYINITUPOBKY IO JIEMEHTaM Ipo-
nyktuBHOCTH. Ha muarpamme Ha puc. 3 mokaszaHo, 94To B 0001X
peruoHax BekTop Rht-Blp nmeer HanpasieHUE, TPOTHBOIIO-
noxnoe Boicote (B) u macce 1000 3epen (M), bonee ciiaboe
OTpHIaTebHOE BIUsHUE RAt-B1p Oka3bIBaeT Ha MacCy 3epeH
B KOJIOCE; UMEET OJTHO HANPABICHHE C BEKTOPOM CPOKOB KO-
nomenus (K) n yoopounoro unzaekca (Kxo3) u 6omnee ciadoe
MOJIOKUTENIbHOE BIUSTHIE Rht-B1p Ha 9UCIIO 3€peH B KOJIOCE.

O6cyxpeHue

AJienu reHoB, OIpeeIoNNe HU3KOCTE0eTbHOCT, HE TOIb-
KO CHW)KAIOT BBICOTY PACTEHUsI, HO M 00JIa1at0T IuIeHoTpoTII-
HBIM 3()()eKTOM Ha arpOHOMHUECKH IIeHHbIe pu3Haky (Re-
betzke et al., 2011; Liu et al., 2017; Kroupin et al., 2019).
Hamu 6bu10 M3y4ueHo GeHoTunmieckoe nposisienue Rhat-B1p
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Phenotypic effects of the dwarfing gene Rht-17
in spring durum wheat under two climatic conditions

Ha OJIHMX U TEX K€ CEMbsIX B,F, . TBepoi menuibl B Mock-
Be u Kpacnogape. Ilpu sToM nokasano, uro B Kpacnopape
BIMsiHUE Rht-Blp Ha BBICOTY, MapaMeTphl 3€pHA M TEPUOL
JI0 KOJIOIICHHUsT OoJiee BhIpaxeHo, ueM B Mockse. OOmiue
TEH/ICHIINH BO3JCUCTBHA ajuiens Rht-B1p Ha u3ydaemMble IpH-
3HAKH, OTPEJICIICHHBIC METOJIOM IMCTIEPCHOHHOTO aHAJIN3a 1
METOJIOM IVIaBHBIX KOMITOHEHT, COBIIA/IAJIM MEXK/y PErHOHAMHU
MIPOBEIEHHS TIOJIEBOTO OTIBITA.

Bnusinue omHOro M3 Hanbosee pacpoCTpaHEHHBIX aje-
JIe, OTIPEACIISIONINX HEUyBCTBUTEIBHOCTh K THOOEpeIInHY,
Rht-B1b, Ha BbIcOTy MOXeT BapsupoBars oT 10 1o 25 % y
Msrkoi mueHuns! 1 oT 30 10 40 % y TBeproi NIIEHUIBI IO
CpaBHEHHIO C ajuiesieM aukoro Tuma Rht-Bla (Mathews et
al., 2006; Rebetzke et al., 2012; Subira et al., 2016; Liu et
al., 2017). CHKeHUE BBICOTHI pACTEHHH B ITOJIEBBIX OIBITAX,
BBI3BAHHOC HAJIMYKMEM B TeHOME RAt-Blp, B HAIIUX UCCIIENO-
BaHMAX B ombITe B Mockse coctaBmio 41 %, B Kpacaonape
—55 %, 4TO COMOCTAaBUMO C JAHHBIMU JAPYTHX UCCIIEIOBAHUM,
MoJy4eHHbIX B BeretannonHbix ombitax (Ellis et al., 2004;
Bazhenov et al., 2015). CpaBHeHHE TaHHBIX MTOJICBOTO OITBITA
C TIOMOIIBIO AMCHEPCHOHHOTO aHaJIM3a MEXIY PErHOHAMH
MIO3BOJIMJIO BBISIBUTH CIIEIYIOIUE TEHACHIMH. PacTeHus c
Rht-Bla B ycnoBusax moneBoro omnbiTa B KpacHomape Obin
3HAUMMO BBIIIE TakoBBIX B MockBe, a ¢ amtenem Rht-Blp
3HAYMMO HE pa3jinyajinuch. Y pacteHuil ¢ ayuienem Rht-Bla
MOXHO TIPEIONAraTh pa3Hyl0 PEaKIMIO KICTOK M TKaHeH
Ha (haKTOpBI pocTa (B YaCTHOCTH, THOOEPEIUIOBOI KHUCIIOTHI)
B Pa3JIMYHBIX YCIOBHSX Cpeibl (OCBElIEHHE, TeMIIepaTypa,
BIQKHOCTH). B TO ke Bpems y pacTenwii ¢ ayuteneM Rht-Blp
9TH (aKTOPbI pOCTa OIOKUPYIOTCS U3-32 MyTallUH B T€HE, TIPH
5TOM HaMHU OTMEUEHO, YTO PACTEHHsI 3HAYMMO I10 BBICOTE HE
paznuuarorcs. TakuM 00pa3oM, B 3TOM IKCIIEPUMEHTE Pas-
JIMYHS B YCIIOBHSX CPeJIbl HE MOBIUSUIN Ha ()eHOTUITNIECKUI
a¢dexT Rht-Blp Ha BBICOTY PACTCHHU.

CHIKEHUE BBICOTHI B JIByX PETHOHAX MPOUCXOIUT 32 CUET
YMEHBIICHHS [UIMHBI MEXKI0y3/Inil (TIpex/e BCero, MOIKo-
nocoBoro). Ho npu atom B KpacHonape ninHa Mexa0y3/1uid
MEHSIETCSI HETPOIIOPIIMOHAIBHO, @ BBICOTA PACTEHUH CHU-
JKaeTCsl JIOTIOTHUTENIFHO 33 CUCT YMEHBIICHHS KOJINYeCTBa
MEXKI0y3/11i. SIBlIeHrE HEITPOIIOPLUOHAIBHOIO YMEHBILICHUS
MIOIKOJIOCOBOTO MEXKJI0Y3JIHsl OBUIO ONHCAHO y PacTEeHHH C
amtenem Rht-13 (Rebetzke et al., 2011), a cHrKeHHE YrcTa
MEXI0Y3IIUil B pe3yJibTare BIUsSHHS ajuiesieil HU3KoCcTeOeb-
HOCTH B JINTEpaType NMPaKTUUECKH He onucaHo. MHTepecHo,
9TO 3TOT (heHOTUNHUYECKHH d(PPEeKT ObIIT OTMEUEH TONBKO B
OJIHOM U3 PETHOHOB IIPOBEICHHSI I10JIEBOI0 OMbITa. BO3MOXHO,
YTO 3TO CBSI3aHO CO B3aMMOJICHCTBHEM ailels HU3KOCTe-
O6enpHOCTH Rht-Blp ¢ npyrnMu reHaMu, HallpuMep I'eHOB
YYBCTBUTEIBHOCTH K (hoTOmIEepHOLY.

Brustane Rht-B1p Ha 9UCI0 KOJTOCKOB COMTOCTaBUMO MEXK-
Jly peTHOHAMHM MPOBE/ICHHS TTOJICBOTO OIBITA IO CHIIC, HO
MIPOTHUBOIIOJIOKHO O HAMpaBJIEHHIO: B MOCKBE YHCIIO KOJIOC-
KOB Bo3pacTaeT, B KpacHomape ymeHbIIaeTcs; o01ee Iucio
3epeH B KOJIOCE B IBYX PETHOHAX BO3POCIIO, YTO MOKET OBITh
00yCIIOBIICHO YBEJIMYCHUEM YHCIIA [IBETKOB, (PEPTUIILHOCTH U
3aBsI3bIBAEMOCTHI0. MEHbIIast pa3HUIIA MEKTy HI3KOPOCIBIMU
1 BBICOKOPOCJIBIMH PAaCTEHHUSMH, BBHIPAIICHHBIMH B OIIBITE B
Mockse u KpacHonape, o JyinHe KoJI0ca U YUCITy KOJIOCKOB
B IJIABHOM KOJIOCE MOXKET OBITh 0OYCIIOBIEHA TEM, YTO TPH
OTCYTCTBHH BHYTPEHHUX (pAKTOPOB pOCTa (TOPMOHBI, OCIIKH),
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BBI3BAHHOTO MyTauuel B aene Rht-Blp, cHuxkaeTcs Boc-
MPUUIMYHUBOCTD KJIETOK M TKaHEH KoJloca K BHEIITHHM YyCJIO-
BUSIM (TEMIIepaTypa, OCBEIIEHHOCTD, BIaKHOCTD).

Yuciio 3epeH B KOJIOCE ONPEeNIsieTCsl YUCIOM KOJIOCKOB U
03EPHEHHOCTBIO KaX/I0T0 KOJIOCKa. B Haliem moneBoM oreite
B Kpacnonape y pacrennii ¢ Rht-B1p 4nciio KOIOCKOB OBLIO
Ha 4 % MeHbllle, YeM Y pacTeHHH C ajieneM AUKOTo THIIA, a B
Mockse —Ha 4 % 6ombiie. [Toxoxkast pa3HOHANPABIEHHOCTH B
MIPOSIBIICHUH aiutenst Rht-B1bh OTHOCHTENIBHO YHCiIa KOJIOCKOB
Habmonanack B pabote (Alvaro et al., 2008): y HTanbsHCKHX
COPTOB TBEPIOH MIIEHUIIBI C RAt-B1b 9UCIIO KOJIOCKOB B KO-
noce Ha 7 % Oosbllre, 4eM y COPTOB C aJlIeJIeM JIUKOTO THIIa,
a'y UCMaHCKUX Hao0opoT — Ha 2 % MeHbIe. Uncno 3epeH B
KOJIOCE B HAIIUX OIBITAaX y pacTeHui ¢ Rht-B1b okazamoch
BBIIIIE, YeM y PACTEHHH C ajuiesieM AWKOro Thia B MoOCKBe
3a cYeT yBEJIMYCHUsI YMclia KOJIOCKOB, a B KpacHonmape — 3a
cuet Gosee BEICOKON 036pPHEHHOCTH KOJIOCKA MO0 CPaBHEHHIO
¢ pacteHUsIMHE C ayuieneM Rht-Bla. B uccnenoBanun (Alvaro
etal., 2008) y HU3KOPOCIBIX UTAJBSHCKUX U UCIIAHCKUX COP-
TOB YHCJIO 3€PEH TAKXKe OBUIO BBIIIE, YEM Y BBICOKOPOCIBIX
(1a 20 1 13 % COOTBETCTBEHHO), UTO OOBSICHSUIOCH HX OoJiee
BBICOKOH 03epHEHHOCTHIO (Ha 11 1 16 % COOTBETCTBEHHO).

I'm60epeTH-HeTyBCTBUTENBHBIE (DEHOTHUIIBI C AJUTCIISIMA
HHU3KOCTEOCIBHOCTH TeHa R/it, Kak IPpaBUIIO, IMEIOT OoJIbIlee
YHCII0 3epeH B Kojoce U MeHbIyto Maccy 1000 3epen (mnn
9KBHBAJIEHT 3TOTO IOKA3aTelsl — Maccy OJHOTO 3€pHa) 10
CPaBHEHUIO C PACTCHUSIMH, HECYIIIUMH aJJIesb JUKOTO THIIA,
4TO CBA3aHO C MCHBIIUM KOJIMYECTBOM KJICTOK B IEPHUKAPIIC
(Mirrales et al., 1998; Zhang et al., 2013). Kak 0110 TOKa3aHO
(Alvaro et al., 2008), B 1IeIOM Y COBPEMEHHBIX HTaTbSHCKHX
Y MCIIAHCKUX COPTOB TBEPJOH IIISHUIIBI Macca OJHOTO 3ep-
Ha HIKE, YeM y CTapOJaBHHUX, YTO TaKKE MOXKET OBITH 00y-
CIIOBJIIGHO BHEJPEHHEM ajuiesnell HuzkoctebenpHocTH. [1o
JINTEPATYpPHBIM JAHHBIM, Pa3HUIA B Macce OJHOTO 3€pHa
MEXIy HU3KOCTeOSIbHBIMU PACTEHISIMH C aiienieM Rht-B1b
W pacTEHMsIMU C ajjieJieM AUKOTo Tuna Rht-Bla cocraBiser
5-10 % (Liu et al., 2017). ITo cpaBHenuto ¢ Rht-B1b, B Hammx
SKCIepUMEHTaX Halonazack OObIas pa3HUIa: pa3HOCTh
MEX]y pacTeHUsIMH ¢ Rht-Blp W pacTeHHSMH C ajjeseM
nukoro tuna Rht-Bla coctasuna 17 u 32 % B Mockse U
Kpacnonape coorBerctBenHo. IIpu atom B KpacHonape ot-
Mevaercs Ooree cmutbHOe cHipkeHre Macehl 1000 3epeH, uem B
Mockae. B psine uccienoBanuii ObLUTO IPOIEMOHCTPHPOBAHO,
YTO BBICOKOCTEOENbHBIE (DOPMBI B 3aCYHUIMBBIX YCIOBHAX
MMEIOT TPEUMYIIECTBO Nepe]] HU3KOCTEOSIbHBIMA B OTHO-
IIeHNH Macchl U Hatypbl 3epHa (Richards, 1992a, b; Butler
et al., 2005). Takum o6pa3om, 6oree BBIpaKCHHBIN HETaTHB-
HBIH TUIeHOTpONHEIH 3¢ ekt Rht-BIp B OTHONIEHUH MacChl
1000 3epen B moneBoM omneiTe B KpacHomape 1o cpaBHEHHUIO
¢ oreIToM B MOCKBE Takke MOKET OBITh CBS3aH C pa3HUIICH
B KOJIMYECTBE OCAJIKOB MEX/Yy PETHOHAMH MPOBEACHUS TO-
JIeBOTO OmbITa (cM. Tadm. 1).

Hamu npopeMoHCTpHPOBAHO, YTO PACTEHHUS C aJUIENIEM JH-
Koro tumna Rht-B1aw ¢ annenem HA3KocTeOepHOCTH Rht-B1p
B ycJoBHsX omnbiTa B KpacHonape 6oiiee mpoyKTHBHBI, 4eM
B Mockse. Onnako mpu 3toM Macca 1000 3epeH y pacTeHuit
¢ Rht-B1p B Mockse Oblita BbIlIe, 9eM B Kpacnomape. [Tomy-
YCHHBIC HAMU JTaHHBIC TOBOPAT O TOM, YTO YCJIOBHUA OINbITa B
Mockse ObiH O0J1ee OmaronpusaTHEL, yeM B KpacHomape, mis
(hopMupOBaHUSI OTJETHHON 36PHOBKH M €€ HAJIMBA JUIsl pac-
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MnenoTponHble 3pdeKTbl annena HU3KocTebenbHOCTH
Rht-Blp (Rht-17) y ApoBoiA TBEpLOW MLUEHNLbI B ABYX 30HaX

TEHHH, HE YyBCTUTENBHBIX K rHO0EpesioBol Kuciore. IT1o
MOKET TOBOPHUTH O BO3MO)KHOCTH TIOJyYEHHUS! B YCIIOBHSIX,
ONM3KMX K YCIIOBHSM IIPOBEACHUS OIbITa B MOCKBE, MEHB-
IIEro KOJIMYECTBa 3epHa, HO Oosiee KPYITHOTO.

SlpoBast mMIIeHUIa — PaCTeHUE UIMHHOTO JHS, U B YCIIO-
BUSIX JUIMHHOTO CBETOBOTO JHS B MOCKBE OHa IEPEXOIUT
K KOJIOIIEHHUIO OBICTpEEe, YeM B YCIOBHSIX KOPOTKOTO JIHS B
Kpacuomape. B KpacHomape HU3KOCTEOCTBHBIE pacTECHUS
OTCTaBaJIM OT BBICOKOCTEOEIBHBIX Ha HEICIIO, YTO MOXKET
OBITH KPUTHYHBIM B YCIIOBUSIX HACTYIUICHUS JIETHEH 3aCyXH.
Kak ormeuarot R. Motzo u F. Giunta (2007), Rht-B1b B iesiom
HUKAaK HE BIMSCT HA TEMITbI Pa3BUTHSI y IIISHHIIBI, XOTS ObLTH
OTJICIIbHBIC COOOIICHHUST O TOM, UTO RAt-B1b yckopsieT 3aiio-
’KEHHE COIBETH. B HaieM ncciiefoBaHNN B IByX PETHOHAX
MIPOBEJICHUSI ITOJIEBOTO OITBITA PE3YIIBTATOM (DEHOTHUITHYECKOTO
nposiBiieHust Rhat-Blp crano Oosee no3aHee KOJOIICHUE T10
CPaBHEHHIO C PACTEHUSIMU, TOMO3UTOTHBIMU 110 Rht-Bla. OtoT
ruieiioTponHbIi ekt amneneit HU3KocTeOapbHOCTH Rht-B1
paHee He ObLI OTMEUCH.

Herarusnoe BiustHue Rht-B1p Ha Maccy 3epHa KOMIICHCH-
pyeTcst yBeIMUCHHUEM YHCIIa 3epeH B KOJIOce M YOOPOUHOTO
nniekca. HuskocrebenbHble copra 0oliee yCTOWYMBBI K TI0-
JIETaHUIO, NX MOKHO BBICEBATh C OOJBINEIf HOPMOH BBICEBA.
DTO MO3BOJUT YBEIHMYHUTH CTCOIECTON Ha €IMHHUILY TUTOIIA N
1 cOO0p 3epHa, KaK IMOKa3bIBAET OIIBIT UCIIOJIL30BAHUSI COPTOB
¢ HanboJee PacIpoCTPaHEHHBIMH AJUTEISIMA HU3KOCTEOCTh-
HocTh Rht-B1b n Rht-Ble (becnamosa, 2001). Kpome Toro,
BO3MOYXHO KOMOMHUpOBaHue RAt-B1p ¢ annensiMu HU3KOCTe-
0eTPHOCTH, MPUBOAALIIMHA K (POPMHUPOBAHHIO THOOSPEIITHH-
yyBcTBHUTENBbHOTO (henotuna (Rebetzke et al., 2012; Liu et
al., 2017), u annensiMu T€HOB SPOBU3ALMHU U YyBCTBHUTEIIb-
HOCTH K (DOTOTIEPHO/LY, B TOM YHCIIE ¥ BHOBb BBISIBICHHBIMHU
(Shcherban et al., 2012; Kiseleva et al., 2016; Chen et al.,
2018; Okada et al., 2019).

Taxum 00pa3om, CpaBHEHHE HAIINX JAHHBIX M OITYOIHKO-
BaHHBIX HAyYHBIX UCCIIE0BAHMH MTOKA3bIBACT, YTO, HECMOTPSI
Ha psifl OTAMYuid, RAht-Blp 1o cBoemy (heHoTHIIYECKOMY d(-
(hexTy conoctaBuM ¢ Rht-B1b v MOXKET OBITh NCTIONB30BaH B
CEJICKIINH TBEPIOM MIICHUIIBI HapaBHE ¢ HUM. Rht-BIp Taxxke
MOXKET OKa3aThesi 3P (EKTHUBEH MPHU CO3aHUH TeTEPO3UCHBIX
THOPHIIOB TBEPJOW MIIEHHIEI. B I0)KHBIX permoHax Harlen
CTpaHbl BHeApeHue Rht-Blp B TeHOM TBEpAOH MIICHHUIIBI
MOKET OBITh 60.]166 MEPCICKTUBHBIM, TaK KaK 3TOT aJUICJIb HE
TOJIFKO CHIKAET BBICOTY pacTeHHi, oOecneunBas UX yCTO-
YMBOCTB K [OJIETaHHIO, HO ¥ 00JIa1aeT PsI/IOM IIICHOTPOITHBIX
3P PEKTOB, a UIMEHHO — II0J] €r0 BIMSHUEM YBEIHYHUBACTCS
YHCIIO 3€PeH B KOJIOCE, YTO MOTEHIIMATIBHO MOXKET AaTh 00JIb-
MM ypoxail, HeCMOTpsI Ha OoJiee MEITKOe 3epHO.

3aknioyeHune

Hamu n3ydeno eHoTHIIITUECKOE TPOSIBIICHUE AJUIEIsI HU3KO-
creOesbHOCTU Rht-Blp B CeMbsiX TBEPIOU MIICHUIIBI B,F,.;
B YCJIOBHSX Ios1eBoro omnbitTa B Mockse u Kpacnonape. Ilo-
Ka3aHo, YTO pacTEHHs, HECyIIHe 3TOT ajuiesb, 00IagatoT
HHU3KOCTEOEIbHBIM (DEHOTHIIOM, Macca 3epHa B Kojoce Obliia
MEHBIIIE IT0 CPABHEHHUIO C PACTEHUSIMU C RAt-B1a, KOMM4IecTBO
3epeH ObUTO OOJIBIIIE 32 CUET YBEIMIECHHS KOJIOCKOB B ITOJIEBOM
omnbITe B MOCKBE U 03€pHEHHOCTH KOJIOCKA B ITOJIEBOM OTIBI-
te B KpacHomape. Pactenus ¢ anneneM HU3KOCTEOCITBHOCTH
Rht-Blp 1o CpaBHEHHUIO C BBICOKOPOCIBIMU PAacTEHUSIMHU
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XapaKTepH30BAIUCH OoJiee BHICOKUM YOOPOUHBIM MHIEKCOM
u Oosee MO3THUM CPOKOM KosomieHus. bornee mepcnexrus-
HBIM UCIIOIb30BaHue ajutens Rht-B1p MoxXeT ObITh B FOXKHBIX
permoHax, Tak Kak 3TOT aJjIesib He TOJIBKO CHIDKAET BBICOTY
pacTeHuii, obecrieunBas yCTOHYNBOCTH K TOJETaHUIO, HO U
o0naaer psaoM IIIEHOTPOIHBIX 3P (EKTOB, MOTCHIINAIBHO
CIOCOOHBIX J1aTh OONBIINI ypoXKail.
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dopMupoOBaHIe U 3yUeHle KOJUIeKIIIOHHOIO reHOpOoHIa
pecypCHbIX BUAOB poga Miscanthus Anderss.
B VCJIOBUSIX JIecoCTeru 3anagHoi Cuoupn
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B HacTosALee BpemA 0cOoObIN MHTepeC NPefcTaBAAlT PacTEHUA, XapakTepU3yoLMecs BbICOKOW CKOPOCTbIO HapacTaHuA
HaZ3eMHO BereTaTMBHOM MacChl 1 MeloLMe NpaKTUYeckoe NpYMEHeHe B KauecTBe NCTOYHMKa 61MosTaHoNa v Lenio-
no3bl, Hanpumep, BuAbl poaa Miscanthus Anderss. (BeepHuK). Lienb gaHHOro nccnefoBaHUa — MONEKyNAPHO-TeHeTnYecKan
naeHTUPMKaLMA 1N IMCTOXMMUYECKINIA aHann3 BugoB poaa Miscanthus: M. sacchariflorus (Maxim.) Benth., M. sinensis Anderss.
n M. purpurascens Anderss. KOnnekUMoHHoro reHopoHpaa LieHTpanbHoro cnbupckoro 6otaHnyeckoro caga CO PAH ans Bbl-
ABNIEHNA NEePCNEeKTUBHbBIX TEXHUYECKMNX CbiPbeBbIX pacTeHui. [Ana GopMmnpoBaHUNA, U3yuyeHUA U naeHTUGUKaLNN Konek-
LMOHHoro reHodoHaa pofa Miscanthus npumeHANca MynbTUANCUUMIIMHAPHBIA NOAXOA, 3aK/I0YaBLUMINCA B CleAyloLeMm:
npu cbope 06pasLOB B NPUPOAE MCMONb30BaNCh TPAANLMNOHHbIE METOAbI KNacCUYECKOW CUCTEMATUKIN U re0b0TaHNKM
(cpaBHUTENBHO-MOPHONOTMYECKNIA 1 GUTOLLEHONOTUYECKIIA); NPY BblAeneHnn GopmM Nof KOHKPETHble pecypcHble (6vo-
SHepreTMyeckune), TEXHONOrMYECKNe 3adaun NPUMEHANNCL Bromopdonormyeckne Noaxonbl U NPOBOAUIOCH OMNMCaHue
MUKPO3KONOTMYECKMX YCIIOBUI C akLLleHTOM Ha HaviMeHee 6naronpuaTHble Ans npouspactaHua dakTopbl. MonekynspHo-
reHeTuyecKmne NCcnefoBaHnA GblIN HanpaBieHbl Ha YTOYHEHME TAKCOHOMUYECKO MPUHAANEXHOCTY U aHaNIM3 reHeTuYe-
CKUX ONCTaHUMI MeXAy NpefctaButenamm Tpex sugos Miscanthus. Mo pesynbtatam ISSR-aHanm3a n3yyeHHble o6pasubl
Tpex BUAOB MUCKaHTYCa pa3fennnncb Ha ae Knagbl: Sinensis u Sacchariflorus, uto xopoLo cornacyerca ¢ BULOBOW Npu-
HaZNeXXHOCTbIO 6oNbLUNMHCTBA 06pa3uoB. VicknoueHune coctaBunu pacteHna M. purpurascens_| v Il, koTopble Mo AaHHbIM
MOMeKYNIAPHO-TEeHETNYECKOrO aHann3a OTHeceHbl K Knage Sacchariflorus, 4to MOXeT ClyXnTb NOATBEPKAEHVEM rMbpua-
HOro NpoucxoXaeHnA AaHHoro Buaa. Knaga Sinensis pasgenunach Ha aBe cyoknagbl. B cybknagy | Bownu o6pasubl, npous-
pacTaBLuMe B HaMMeHee 6N1aronpPUATHbIX MUKPOIKOTOTMYECKIMX YCIOBMAX — Ha Gonee 3aconeHHbIX MoyBax, a B cyoknage Il
cocpefoToueHbl Hanbonee rabuTyanbHO MOLHbIe 06pasLbl. OTU faHHble MO3BONAIT NPEAMNOIOKMUTb, UTO Cpean obpasLoB
cy6knagbl | MoryT okasaTbcsa JOHOPbI YCTOMUMBOCTY, @ Cpefn 06pa3uoB cybknagpl Il — goHOpbl NpoAyKTUBHOCTU. M3BecT-
HO, YTO 13-3a NOBbILLIEHHOIO COAEPKAHUA TMTHNHA CHUXKAETCA TEXHONOrMYecKasn LLeHHOCTb CbipbsA. CornacHo NpoBefeHHo-
My HaMV TMCTOXVIMUYECKOMY aHann3y, MOLLHOCTb MEXaHNYECKOW IMTHUH-COAePXKaLlen TKaHy pa3nmyaeTca y pasHbIx pac-
TEHWI MMCKaHTYCa, NO3ToMy Haunbornee LenecoobpaseH CeNeKTUBHbIN OTOOP 0Co6elt, HaKanIMBaOLWKMX MEHbLLE JIMTHKHA
(C HaMMeHee Pa3BUTON CKNEPEHXMMOIA). BbiiBNeHHbIe MONEKYNAPHbIE NMPU3HAKM Pa3HbIX BULOB MUCKAHTYCa MOTYT ObiTb
MCMOSIb30BaHbl ANA naeHTMdUKaLMM 1 NacnopTn3aumy nepcnekTMBHbIX GOPM U NIMHUIA B KayecTBe afbTepHATUBHOIO MC-
TOYHMKa 61OTOMNNMBA U LIENSTION03bI.

KntoueBble cnosa: pog Miscanthus; ISSR-aHann3; rMCTOXMMUYECKII aHanu3; 61oMopdOnorus; MMKPOIKONOMA; KnacTepHas
LeHAporpamma; 61mostaHon.

Ana yntuposaHua: [loporuna O.B., Bacunbea O.10., HyxkguHa H.C., byrnosa J1.B., Xmygab E.B., 3yesa I A., KomnHa O.B.,
Ky6an W.C., Tycap A.C., lyaknH P.B. DopmmpoBaHve 1 n3yyeHne KONneKLUMOHHOTO reHopoHAa peCcypCHbIX BUOB Poaa
Miscanthus Anderss. B ycnoBusix necoctenu 3anagHon Cnbrpun. BaBunoBckuin XypHan reHeTrkn 1 cenekumm. 2019;23(7):
926-932. DOI 10.18699/VJ19.568

The formation and the study of a collection
of the Miscanthus resource species gene pool
in the conditions of the West Siberian forest steppe

OV. Dorogina1 ®, O.Yu Vasilyeval, N.S. Nuzhdinal, L.V. Bugloval, E.V. Zhmud!, G.A. Zueval, O.V. Kominal,
LS. Kubanl, A.S. Gusar?, R.V. Dudkin3
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Several species of the genus Miscanthus Anderss. (elephant grass) characterized by a high rate of growth of the above-
ground vegetative mass are currently in the focus of attention due to their high practical application as a source of bioetha-

nol and cellulose. The main goals of this study were: (1) molecular genetic identification and (2) histochemical analysis of
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M3yueHmne KonnekLumoHHOro
reHodoHaa Miscanthus

the genus Miscanthus Anderss. species in the collection of Central Siberian Botanical Garden SB RAS in order to identify the
most perspective and technically valuable individuals. To study the collection of Miscanthus samples, a multi-disciplinary
approach was applied. To collect the samples of different species from native habitats, traditional systematic and geobota-
nical methods (comparative morphological and phytocenological) were used. According to the results of the ISSR-analysis,
16 samples of three Miscanthus species were divided into two clades: Sinensis and Sacchariflorus, the former including
two subclades. For the samples of M. purpurascens_| and Il, a hybrid origin of this species was confirmed by ISSR data. The
molecular data obtained from the study allowed us to hypothesize that the samples involved in the subclade | of the Sinen-
sis clade could be used as donors of resistance to adverse environments, and the samples of the subclade Il, as donors of
high biomass productivity. Based on histochemical analysis, sclerenchyma cells were characterized by the most lignin-rich
thickened membranes, so the most appropriate direction in Miscanthus selection should be based on identification and
using less lignin-containing samples.

Key words: Miscanthus; ISSR analysis; histochemical analysis; biomorphology; microecology; cluster dendrogram; bio-
ethanol.

For citation: Dorogina O.V,, Vasilyeva O.Yu., Nuzhdina N.S., Buglova L.V., Zhmud E.V., Zueva G.A., Komina O.V., Kuban LS.,
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BBepeHune

Cpenu nipezicTaBuTeNEH paCTUTEIFHOTO MUPA HAIIEH MIIaHETh
Miscanthus (BeepHUK) CUMTAETCs OAHUM M3 Hamboiee d(-
(DeKTUBHBIX aKKyMYJISITOPOB coHedHol sHepruu (Dohleman,
Long, 2009). Bricokoe comep:kaHnE EIUTIONO3BI U 3HAYH-
TesbHast OMoMacca pacTeHUH MO3BOJISIFOT PACCMaTPUBATH €TO
KaK MEePCHEeKTHUBHBIA albTepPHATUBHBIA MCTOUYHUK DHEPTUU
(Lewandowski et al., 2000; McCalmont et al., 2017; Van Der
Weijde etal.,2017). ®u3nonors u OHOXMMUKU CYUTAIOT BHIIBI
MHCKaHTyCa YHUKAJIbHBIMU BBICOKOIIPOYKTHBHBIMHU HCTOU-
HUKAaMH BO300OHOBIIIEMOTO CHIPBSI AJIs OJyYCHNUS STHICHA U
1enTroo3sl (CIbIHBKO U 1p., 2013).

BeepHuk sBisiercs Takke LEHHOH MEIMOPAaTUBHOM KyJlb-
Typoil. BbICOKHE TeMIIbI pOCTa PACTEHUH, HETPUXOTIIMBOCTh
K TIOYBEHHBIM YCIIOBHSIM, BBIPDXKEHHAS 3aCyX0yCTOHYUBOCTD
CrocoOCTBOBAJIM IHUPOKOMY NMPUMEHEHHIO MUCKAHTyCa IS
CTaOMIM3alluK M CHIDKCHUSI FHTCHCUBHOCTH IIPOLIECCOB 3PO-
3um oy (Kahle et al., 1999, 2001).

B KoHIle mpomoro Beka MHOTHE OTEYECTBEHHBIC M 3a-
pyOexxHBIE O0TAaHUUECKHE CaIbl HAYalll BBOAUTH B KYJIBTYPY
M. sacchariflorus u M. sinensis B KauecTBe JEKOPAaTHBHBIX
31akoB. COOTBETCTBEHHO MEPCIEKTHBAM HX UCIIOJIB30BAHUS
B JIaHAMA(THOW apXUTEKType pa3paldaThIBaINCh KPUTEPUH
orbopa ex situ — PUTMOJIOTUUECKUH U OHTOI€HETUYECKUI.
B XXI B. BhlllIeHa3BaHHbIE BUJIbI, a Takxke M. X giganteus
ObUTH IPU3HAHBI MUPOBBIM HAYYHBIM COOOIIECTBOM OCHOB-
HBIMH PECYPCHBIMH BUJIaMH JIJISI Pa3padOTOK B 00JIaCTH aJlb-
TEPHATUBHOMN 3HEPIEeTUKHU.

B IlenTpansaoM cubupckom 6otanudeckoM cagy CO PAH
(LICBC CO PAH, HoBocubupck) u3ydeHre BHI0B BEEpHUKA
MIPOBOAUIIOCH ¢ KoHIa 1990-X TT. B cOCTaBe KOJIJIEKIIUU Ta-
30HHBIX W JEKOPATHBHBIX 371aKoB. B mocnennee Bpemst ¢op-
MHPOBaHHE U HCCIIEA0BaHHUE KOJUIEKIIMOHHOTO reHO(pOH 1a po-
JIOBOTO KoMIIiekca Miscanthus B COOTBETCTBHH C MUPOBBIMHU
TEHJCHIMSIMH BEIETCS B IBYX HAIIPABICHUAX: JIEKOPATUBHOM
n OnosHeprernyeckom. [Tonck B mpupose mepcreKTHBHBIX
(dhopM 1 pajbHeilee H3yueHne nX ONOIHEPTETUIECKOro 1o~
TEHIIMAJIa 3a MIPEIeIaMH eCTECTBEHHOTO apeaja morpedoBa-
JIM pa3pabOTKHU JOTIOTHUTEIBHBIX KPUTEPHEB 0TOOPA, OLICHKH
XO035HCTBEHHO-ONOIOTHUECKUX MTPU3HAKOB U CBOMCTB.

Pernon Hammx 3KCNEAMIMOHHBIX padoT IO M3yUEHUIO
BHYTPHBHJIOBOTO NTOIIMMOpdu3Ma BUI0B Miscanthus v TOUCKY
MEPCIEKTUBHBIX 00pa3noB — poccuiickuii JJansuuit Boctok,
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rne M. sacchariflorus npuypodeH K CeBEpHBIM MECTOOOUTa-
HUSIM, a M. sinensis npouspactaert ioxHee. Tak, B 2013 1. koi1-
JIEKIIMOHHBIHM reHO(OH T HONOIHIICS oOpasuamu M. sinensis
¢ m-oBa ['amoBa (Xacauckuii paiion ITpumopckoro kpas).
B 2017 ©. M. sacchariflorus 6w11 cobpan B UyryeBckom, a
M. sinensis 1, IpeANIOIOKUTENbHO, M. purpurascens — B Xa-
caHckoM paiione IIpumopckoro kpas. Kpome toro, codpan
JKUBOH Marepuan Ha ocTpoBax Kypunbckoit rpsasl — [Inxo-
tane, Kynamupe, Utypyne.

B xagectBe KpuTepreB 0T00pa 00pas3ioB B IPUPOJIE HAMU
BBIJICJICHbI OMOMOP()OJIOTNYECKUIT 1 MUKPOIKOJIOTHYECKUH.
Bo Bpems skcriemunuii mpoBeieH 0TOOp BETeTaTHBHBIX YacTeH
(JacTh KOpHEBHINA) y pacTeHHH ¢ Hauboyiee MOIHOW HaJl-
3eMHOM BereTaTuBHOM Maccoil. OMHOBPEMEHHO OTMEYaIHCh
MHUKPO3KOJIOTHUECKNE yCIoBuUs npouspactanus. K nebna-
TOTIPUSITHBIM OBITM OTHECEHBI: 3aCOJICHHAs! 30HA 3aIlIeCKa;
YYaCTKM C 3aCylUIMBOW YIUIOTHEHHOM IOYBOM; OTKPBITHIE,
MO/IBEPKEHHBIE BETPaM BEPIIMHBI XOIMOB. PacTenus, omm-
Yarolrecs: B JAHHBIX MECTOOOUTAHUSIX HOPMaJIbHBIM 1100e-
rooOpa3oBaHUEM, BIIOJIHE MOTYT 00JiaJaTh BHICOKUM ajarl-
THUBHBIM MOTCHINMAIOM B 00JIe€ CypOBBIX KJINMAaTHYECKUX
YCIIOBHSIX KYJIBTUBUPOBAHMUS.

HaxormieHHOE B KOJJIGKIIMOHHOM TeHO(OHJIE BHYTPHBH-
oBoe U (hopMOBOE pa3HOOOpa3me MmoTpedoBa0 M3YUCHUS
reHeTndeckoro rnomumopdusma u nposenenns JAHK-unen-
tudukanuy. Llenpro HacTosIero nuccieqoBanms Oblia Mojie-
KyJISIPHO-TEHETHYECKas HACHTU(HUKALMS U THCTOXUMHYECKUI
aHanu3 koyuieknnonHoro renogonaa [ICBC CO PAH Bunos
pona Miscanthus 1Jisi BBISIBICHHSI NIEPCIIEKTUBHBIX (OPM B
KaueCTBE TEXHMUECKHUX ChIPbEBBIX PACTEHUH.

MaTtepwuanbl n metopbi

B pabote npuMeHsICS KOMIUIEKCHBIH MYyIbTHLIUCIUTLTIHAD-
HBIH TIO/1X0/1 K (JOPMHUPOBAHMIO M MTACTIOPTHU3AIMH KOJIJIEKIIN-
onHoro renodonpa. [1pu BeIOOpe paiioHOB HCCIIEIOBAaHUN
cbope 0Opas3IoB pa3TMYHBIX BHIOB B IPUPOJIE MCIIOIH30BA-
JIMCh TPaJUINOHHBIE METOBI KJIACCHUECKOW CHCTEMaTHKH 1
reo0OTaHUKU. B eCTeCTBEHHBIX MECTOOOMTAHUSIX TPU BbI-
JeneHny (opM JUIs peIIeHUs] KOHKPETHBIX PECYPCHBIX 3a/1a4
MIPUMEHSUINCH OMOMOP(OIIOTHYECKHE TIOIXOAbI U TPOBOIN-
JIOCh ONMCaHNE MUKPOAKOJIOTHUECKHX YCIOBHUMA. Y 00pasIoB,
BBIOPAHHBIX JUISI MOJIEKYIIIPHO-TEHETHUECKHUX NCCIIEI0BAHNH,
YUUTHIBAINCH (PUTOIIEHOTHYECKAS TPHYPOYEHHOCTH, KOOP-
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Study of the collection gene pool
of Miscanthus

Ta6nuua 1. MNponcxoxgeHre 06pasLos Tpex Bugos Miscanthus, npoaHanv3npoBaHHbIX B paboTe

Ha3BaHue obpasua

MecTo c6opa, reorp. KOOPANHATbI

Tpacca A181.44°51'21" c.w., 134°52'95"B. 1.

Cnxota-AnnHb. OfiHa 13 cambix CeBEPHbIX TOYeK apeana. YyryeBcKunin paioH, He fjloe3xas Ao p. [lokpoBKa.

JIMHATHI ¥ BBICOTA HaJl ypOBHEM Mops. B psine cimyuaes nana
XapaKTePUCTHKA MUKPOIKOJIOTHUECKHIX YCIOBHUH.

B uccnenosanue ObLT B3sIT Marepuai 16 o0pasnoB Tpex
BUIOB: M. sinensis, M. sacchariflorus n M. purpurascens
(tabn. 1). O6pasusl M. sacchariflorus Oblnu TPUBE3CHBI U3
Uyryesckoro paitona CUX0T3-AJNHHSA, a TAKXKe U3 OKPECTHO-
CTeH CeBEepHON YacTH HAIMOHAJIBHOTO MapKa «30B THIPay,
TEPPUTOPHSI KOTOPOTO BKJIFOYAET y4acTku Uyryesckoro, Oib-
TMHCKOTO 1 JIa30BCKOTO paifoHOB. DTOT BUJI pacTeT 3/1eCh Ha
OTKPBITHIX POBHBIX IIPOCTPAHCTBAX U 3aJI€XKaX, SBIISIOMINXCS
BTOPUYHBIMH CYKIECCHSIMH.

Coopsl M. sinensis u M. purpurascens NpOBOIUINUCH B
XacanckoMm pailone IIpuMopckoro kpas, rae BHUJbI IPOU3-
pactanu B cocTaBe KyCTapHHKOBO-Pa3HOTPABHBIX T'PYIIIH-
poBok. OtaenbHbIC 00pa3iibl ObUTH B3STHI B PEIKOCTOMHOM
KyCTapHUKOBO-pa3HOTpaBHOM nyOHske (Quercus dentata
Thunb.) va ckioHe k OyxTte TenskoBckoro. OCHOBHBIE pabOTHI
BBINOJHSUIMCH Ha M-0Be ['aMOBa, Ha aOCOJIIOTHBIX BBICOTAX
ot 14 no 112 m, rae HaOMIOAANCS MHUPOKHUNA CIIEKTP MHUKPO-
9KOJIOTHYECKUX YCIIOBHH.

JLi1st MOJIEKYIISIPHO-TeHETHYECKOTO aHAJIN3a C LIENIbI0 yTOY-
HEHMS TaKCOHOMUYECKOTO IOJIOKEHUSI ¥ HIeHTH()UKAINH
00pas3IoB HCIOJIb30BAIN BBICYLIICHHBIC JIUCThSI PACTCHUH
Tpex BUAOB MUCKaHTyca: M. sinensis, M. sacchariflorus u
M. purpurascens, coOpanusIe ¢ 15 pacTeHnl, Mpou3pacTaro-
IIMX B €CTECTBEHHBIX IIPUPOIHBIX MOMYIISIHAX (CM. Tao. 1).
Kpowme toro, npoananusupoBa obpasen M. purpurascens u3
Kommexmun sxuBbix pacternii LLCBC CO PAH (cm. Tabm. 1,
M. purpurascens I, YHY Ne USU 440534).
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Oxerpakmmio JJHK mpoBogmmu ¢ momormpio NucleoSpin
Plant IT kit (Macherey and Nagel, CILIA). YucToTy 1 KOHIICH-
Tpamuio nonydeHubix skcrpaktoB JJHK onpenensim criexr-
podoromerpuuecku ¢ momoripio Spectrophotometer kinetic
1 MUKpoKioBeTHI [-cuvette (Eppendorf, 'epmanmust). Uuctoty
JIHK paccunTthiBaiy Kak COOTHOILICHHUE BETHUMH ONTHYECKOM
CHITBI pacTBOpa npH JymHe BoiH 260 1 280 HM.

Peaknmonnas [TI[P-cmech 00beMOM 25 MKIT COCTOSIIA U3:
2.7 MM MgCl,, 1.25 MM npaiimepa, 0.4 MM MoHOHYKII€O-
tunos, 1x PCR-6ydepa, 1.5 en. Taq JHK-monumepass
(«Menuren», Poccust) n 20-30 uHr marpunsl. B nporpammy
amMITT(UKAIMU BXOAMIM CIEAYIOIINE dTalbl: ACHATYPALUsI
JIHK: 90 ¢ mpu 94 °C; 35 muxuioB ammumdukarmm: 40 ¢ mpu
94 °C, 45 ¢ npu 41-58 °C (omxwur npaiimepa) u 90 ¢ npu
72 °C; 5 mun npu 72 °C. AMIUMQUKaIys BBIIOIHSIIACH B
C 1000 Thermal Cycler (BioRad Laboratories, CILIA). ITpo-
JIYKTBl aMITTH(UKAIMN Pa3aessuii METOIOM dJIeKTpodope-
3a B 0.8 % araposnom rese B 1x TBE-Oydepe. [Tonyuennbie
ISSR-¢pparmenTs! okpammuBamu SYBR-Green («Meauren»),
BU3YaIM3UPOBAIN C TTOMOIIBIO CHCTEMBI I'eJlb-JJOKyMEHTH-
posanus Gel Doc XR+ 1 aHamu3upoBaid ¢ IOMOIIBIO TIPO-
rpammHoro obecnieuerns Image Lab Software (Bio-Rad La-
boratories).

Paszmep npentnunmpoanusix ISSR-dpparmenTon ompe-
JIEIISUTH C TIOMOIIBIO MOJIEKY/IIPHOTO MapKepa Macchl («Me-
quren»). Kaxapiii ammiauguuupoBanueiii GpparMeHT pac-
CMaTpUBAJICS KaK JOMUHAHTHBIA MapKep, U JJIsl KaXKJI0T0 M3
CpaBHMBAEMBIX 00pa3IoB OTMeUaoCh ero Hammaue (1) mbo
orcyrctsue (0).
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Craructuueckasi o0paboTKa JaHHBIX, [IOCTPOCHHE KIacTep-
HOU JEHAPOTpaMMBI M aHAJIN3 TIIABHBIX KOMITOHEHT (Principal
Components, PCO) Bemosntens! B nporpamve PAST (Hammer
etal., 2001).

JUI THCTOXMMHYECKOTO aHajm3a OBITH OTOOPAaHBI CyXHe
BEreTaTHBHbIC ITOOETH Ha 3aKIIOYMTEIBHON CTaIuy Bere-
Taiuu ot Tpex oopasios (IV, V u VI) M. sinensis u 0OmHOTO
obpasua (/1) M. purpurascens, IpUBE3€HHBIX KUBBIMU KOP-
HEBHIIIAMHU M3 YETHIpEX MOMYJSIHUH XacaHCKOro paiioHa M
ITpumopckoro kpast Poccuu. Ilocnenyromas Bereranus mpo-
XOJWJIa B OJHOTUIIHBIX YCJIOBHSIX B COCTaBe OMOpPECYpCHOM
HayuHol koyeknuu LICBC — USU Ne 440534. JIns ananusza
Opasn yactu credns jaiauHod 10 cM OT MHUHUMAJIBHOW Mpo-
MBIIIUIEHHOH BBICOTHI — 10 CM OT YpPOBHS ITOUYBEI.

JanpHelmme nccieoBaHus IPOBOIMWIN B LIEHTPE KOJI-
nekruBHOTO noJp3oBanus LICBC CO PAH. ITo6Geru, HaunHast
OT HIDKHEH CTOPOHBI, MPOJIOIBHO HAPE3aIH CKaJbIIeIeM Ha
OpycKH JUTMHON OKOJIO 3 MM, TOMEIIATN Ha 3aMOPayKMBAFOIINI
MHUKPOTOM M BBIOJIHSIIN MPOJ0IbHbIE cedeHust 60—90 MKM.
OxpanrmBaare OCYIIECTBISUTN (PIOPOTITIONWHOM B COJISTHOM
KHCJIOTE M aJIbIIMAHOBBIM CHHUM B YKCYCHOH KHCIIOTE TIO CTaH-
naptHeiM Metonukam (bapwikuna u np., 2004). Kpome Toro,
MIPOBEPSUTH BO3MOXKHOCTE AU PEpEeHITPOBAHHON OKpacKu
9THMH KPacUTEISIMU.

MuKpocKonpoBaHue ¢ HPOTOCHEMKOH BBITIOIHSIIH Ha CBE-
ToBOM MuKpockore Carl Zeiss Axio Scope Al.

Pe3ynbtatbl

MonekynsapHo-reHeT4eCcKuin aHanms
B uccnenosanuu 0610 IpeBapuTEILHO UCTbITaHo 16 ISSR-
paiitMepoB, U3 KOTOPBIX IS BEITIOTHEHHS aHATTN3a B J1ajb-
HeHIleM MCIONb30BaIH JeBATh (Tadi. 2), OTINYaBIIMXCS
HaMOOJNBIIAM KOJIMYECTBOM U MOIUMOp(U3MOM aMIuinpu-
IUPOBAHHBIX (ParMEHTOB W MPUTOMHBIX UIA W3yUCHHS Te-
HETHYCCKON M3MEHYMBOCTH pacTeHUi ponma Miscanthus Ha
BHYTPH- U MEKBHIOBOM YPOBHE.

B skerpakrax JJHK Muckanrtyca, mosy4eHHBIX U3 BBICY-
IIEHHBIX JINCTHEB, KOHIEHTPAIMS paBHsUIACh 3—24 HI/MKIL.
Uucrora skctpaktoB JJHK, BeIpakeHHas: COOTHOIICHUEM

M.sin_I
M. sin_II
M. sin_IIl
M. sin_IV
M. sin_V
M. sin_Vil
M. sin_VIll

=
<
A
N
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Ta6bnuua 2. Xapaktepuctukn ISSR-npaimepos,
WCMbITaHHBIX 1 BbIGPAHHBIX (BblAeNIeHbl XUPHbIM WPUHTOM)
LNA NccnegoBaHUA reHeTnyYeckoro nonumopdrsma

BMAOB poga Miscanthus

Mparimep HykneotngHas Torr °C
nocnenoBaTefibHOCTb, 5'-3'
3 14 ........................ ( CT) 8TG ........................................... 5 1 ..........................
1 7398A ................. ( CA)GAC ........................................... 4 5 .........................
1 7898 B ................. ( CA)éGT ........................................... 4 8 .........................
17399/.\ ................. ( CA) GAG ........................................... 4 3 .........................
1 7399 B ................. ( CA)GGG ........................................... 4 2 .........................
8 44A ..................... ( CT) 8AC ........................................... 4 4 .........................
3 443 ...................... ( CT) 8GC ........................................... 4 2 .........................
M1 .......................... ( AC)8CG ........................................... 5 5 .........................
M2 ......................... ( AC)SYG ........................................... 5 8 .........................
M7 ......................... ( GAC)S ............................................. 4 6 .........................
M11 ........................ ( CA)ﬁAR ........................................... 3 9 .........................
M14 ....................... ( GACA)4 ........................................... 4 7 .........................
|.| 310 ..................... ( GA)6CC ........................................... 4 8 .........................
|-| 312 ...................... ( CAC)3GC ........................................ 4 1 ..........................
|-| 314 ..................... ( CTC) 3GC ......................................... 4 2 .........................
U BS 8 26 ................. ( AC)8C ............................................. 5 3 .........................

Ao/ Asgg» BapbupoBaa B nipefenax ot 1.25 o 1.83 . Ananus
MEXMUKpocaTeuIMTHEIX yuacTkoB JIHK mccnenoBaHHbIX
00pasioB ¢ nomoinsio aeBsitH [SSR-mpaiimepoB mo3Bommn
uaeHtTuGuuuposars 177 aMmin@uUUpoBaHHBIX (parMeH-
ToB mnuHOH oT 270 mo 1800 m. H. 0. Ha puc. 1 mpencrasien
ISSR-nponis 06pa3oB, MoIyYeHHBIH TPpH aMIUTA(QUKALTIH
¢ npaiimepom 17899B.

[To pesympraram ISSR-ananmza 16 06pa3oB MUCKaHTyca
pa3menmch Ha 1Be Kiansl: Sinensis u Sacchariflorus (puc. 2),
YTO COIVIACYETCS! C BUIOBOW MPHUHAMIEIKHOCTBIO KayKI0TO

M. sin_IX
M. sin_X
M. sac_|
M. sac_ll
M. sac_lll
M. sac_IV
M. purp_|
M. purp_Il
C+)

1000
900
800

700
600

500

400
300

Mn.H.O.

Puc. 1. Snektpodoperpamma lNLIP-npoaykToB, nonyueHHbIx npu amnandukauum HK Tpex Bugos Miscanthus v ISSR-npanmepa

17899B.

C(+) - nonoxuTtenbHbI KOHTPOb; M — mapkep Beca. 0603HaueHuns obpasLos Miscanthus cm. B Tabn. 1.
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Knapa Sacchariflorus Knapa Sinensis
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Puc. 2. KnactepHasa geHfporpamma, oTpakalolasa BeNNUMHY reHeTnye-
CKVX AUCTaHUmMii Mexay 16 obpasuamu Tpex suaos Miscanthus.

oOpasma (BenmmunHa OyTcTpen-nojyepkku pasHa 55). Ilpu
atoM M. purpurascens I w Il pacnpeneiauinchk BHYTpHU
knanel Sacchariflorus (cm. puc. 2). I[lpuHumas Bo BHHMa-
HHUE MPEANOIOKHUTEIFHO THOPHIHOE TTPOMCXOXKICHNE BHIA
M. purpurascens, Mbl CKIIOHHBI OLICHUTb [1OJTyYEHHbIE JaHHbIE
Kak moATBepskaeHne runotess (Jiang et al., 2013).

[IpumeuarenbHO KpaiiHE TECHOE F€HETHYECKOE POJICTBO
00pasuoB M. sacchariflorus I w II (cMm. puc. 1 u 2). It 00-
pasibl ObLUTH COOpPaHBI 3 OIHON MOIMYJISIIUN U UMEIOT MOYTH
naeHTH4Hble [ISSR-narTepHsl, 4TO MOXKET CBUIETENBCTBOBAT
0 [IPOUCXOXKJICHUN 00EUX 0CO0EH B pe3ylIbTaTe BereTaTiBHOTO
Pa3MHOXKEHHSI ICXOAHOTO PaCTEHUSI.

Ha ocnoBanuu ananusa gaHHbeix ISSR-MapkupoBanus
MeTonoM riaBHbIX kommoHeHT (PCO) ompexaenena auc-
TaHIUS MEXIy JBYMsI TPyIIaMu 00pa3IoB BHYTPH KIIaabl

100 MKM

Puc. 4. Cpe3 cTtebna obpasuos M. sinensis_VI (a) n M. sinensis_IV (6).
OKpatluviBaHvie GpIopornoLHOM — aibLIMaHOBbLIM CUHUM.
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M. purp_|
M._sac_IV
M.purp_ll
N M.sin_VI,
c . —
S gt ") L
s -8 S T~6, -4 2 2 4 6 8
e M.sin_| M. sin_IV
U — -
M. sin_V
2}
3t
4}
5L
M. sac_ll
6L M. sac_I

Component 1

Puc. 3. PacnpepeneHnue 16 obpasuos Tpex BuaoB Miscanthus no pesynb-
TaTam ISSR-MapKnpoBaHMA MeTOLOM rMaBHbIX KOMIOHeHT (PCO).

Sacchariflorus (puc. 3). Ilepsas rpynmna Bkmoudaer M. sac-
chariflorus_I v II, Bropass — M. sacchariflorus III, IV u
M. purpurascens In Il

lMcToxnmmnyecknin aHanus

C menpro M3y4eHHs CE30HHOW AMHAMUKHA U 0COOCHHOCTEH
OJIPEBECHEHHS COJIOMHUH OBUIM TPEANPUHATH THCTOXUMH-
YecKue HMCClieoBaHus. Pe3yabrarsl XMMHUYECKOTO aHan3a,
BBITIOJTHEHHOTO paHee B MIHCTUTYTe Ipo0iieM XUMUKO-3Hepre-
trdyeckux texnonoruit CO PAH (1. buiick), BeIsiBIIHN Y psina
00pas3110B MOBBILIEHHOE CO/IEPKaHKE JIMTHUHA, JIOCTUTAI0IIee
28.1+£0.5 % B mepecuere Ha a.c.c. (Joporuna u ap., 2018).
OO0HapyKeHO, YTO MPH MOBBIIICHHOM CO/ICPKaHUH JTUTHUHA

CHIDKAETCSI TEXHOJIOIMYecKasi IEeHHOCTh ChIpbsi (Jlopornna
u np., 2018).
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IIpoBeneHHBIN TUCTOXUMUYECKUI
aHaJIM3 MOKa3aJl, YTO CTPOCHHE 0OETroB
y pencTaButeneit M. sinensis CXOIHO C
TaKOBBIM y IIPE/ICTaBUTENICH cemeiicTBa
Poaceae. CosoMrHa cHapy» Ky MOKPbITA
TOHKUM OJHOCIIOWHBIM 3IHEPMHUCOM,
MPUCYTCTBYIOT CJIOM U3 PAIHAIBLHO pac-
MIOJIOKEHHOM MEXaHUYECKON TKaHU ¢
TOJICTHIMH JIUTHA(DUIUPOBAHHBIME 000-
JIOYKaMH KJIeToK (puc. 4). Haubomnee 60-
raThl IMTHUHOM YTOJIIEHHBIE 00O0TOUYKN
KJIETOK CKJIEPEHXUMBI, PACTIOIIOKEHHbIE
B J1Ba CJIOSI BOKPYT IIPOBOASILHMX ITy4YKOB
(cMm. puc. 4). MOITHOCTh MEXaHIMYECKOI
JUTHUHCOJCPKAIICH TKaHHU pa3iinda-
eTCs y Pa3HbIX PacTeHUH: y pacTeHHs
n3 mormyssiuy Ne 3 murHAUITPOBaH-
Hasl CKIIEpEHXMMa MEHEe BEIpaKEHa 110
CPaBHEHHIO ¢ 00PAa3IIOM U3 TOMYJISAIUU
Ne 24 (cwm. puc. 4, a, 6).

O6cyxpeHue

Kmanma Sinensis pasgenunace Ha aBe
cyOkyasl (cM. puc. 2), IpuyeM B cyo-
kiany | Bouwin oOpasifsl, mpouspac-
TaBIIMe B HanMeHee OJIarompHUsITHBIX
MHKPOIKOJIOTHYESCKUX YCIOBUsX. Tak,
obpazen M. sinensis_VII coopan B Oyx-
Te TensKoBCKOrO B 30HE 3aIliecKa Win
CyNpaJMTOpalH, HaXOIIIeHCs Ha Tpa-
HHUILIE MOPsI U CYILIH, BBILIE YPOBHS MaK-
CHUMAJIBHOTO MTPUJIMBA, YTO TTOpazyMe-
BaeT OoJiee 3acOJICHHBIE MHKPOIKOJIO-
THYECKUE YCIIOoBUS (puC. 5).

Obpa3zen M. sinensis X Obu1 cOOpan
B TEXHOTCHHO HAPYILICHHOM MECTOO0H-
TaHWH, B palOHE aBTO3AMPABKH ITPH 110~
BOpOTE Ha C. AH/IpEEBKa, I7Ie BO3MOXKHO
MOBBILICHHOE BO3JCHCTBHE BBIXJIOMHBIX
ra3oB (cm. Ta0m. 1).

[TpumeyarensHO, 4TO 00pa3Ibl, BO-
meme B cyokinany 11, npencrapistor
co0oii HanOoJiee rabuTyaIbHO MOIIHbIE
pactenus. Ilo ceomm Mopdomornye-
CKHM IapaMeTpam 0co00 BBIICISINCH
M. sinensis V u M. sinensis VI, nipo-
M3pACTaBIINE B KYCTAPHUKOBO-PA3HO-
TPaBHOW TIPYNIIMPOBKE HA IIATO HaJ
Oyxrtoii Bursizb (puc. 6).

3aknioyeHmne

IIpoBeeHHBIN KJIACTEPHBIA aHAJINU3
MO3BOJISIET MPEATIONOKUTD, YTO CPEAN
00pa3ioB cyOxaabl [ MoryT okaszarbes
pacTeHus, XapaKTepu3yloluecs yc-
TOWYMBOCTBIO W MOTOMY SIBIISTFOIIIHIECS
JIOHOpPaMH YCTOWYHBOCTH, a Cpeu 00-
pasuoB cyOoknazp! 11 — noHOpBI TpoyK-
THUBHOCTH. BBIsSIBICHHbIE MOJIEKYIISIPHbIE
MPU3HAKK pa3sHbIX BHIOB MHCKaHTYCa

2019
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M3yueHune KonnekLuroHHOro
reHodoHaa Miscanthus

Puc. 5. MectoobutaHue M. sinensis_VIl B 30He 3annecka B 6yxTe TenakoBCKoro.

Puc. 6. O6wmin Bug M. sinensis_V v M. sinensis_VI, npov3pacTalomx B KyCTapHUKOBO-Pa3HOTPaB-
HOV FpyNMNUPOBKe Ha NiaTto Hag 6yxToli Butasb, Mpumopckuii Kparii.

MOT'YT OBITh UCIIOIB30BaHbI IS WACHTU(QHUKALIMHI U [TACTIOPTH3aLUH (POPM U JIMHUH,
MIEPCIIEKTUBHBIX JUIS IOy YCHUSI SKOHOMHYECKH IOCTYITHOTO PACTHTEIBLHOTO ChIPbS,
MIPUTOHOTO ISl IPUMEHEHHS B Ka4eCTBE SKOJIOTHUCCKH O€3011aCHOTO allbTepHa-
TUBHOTO BapHaHTa OMOTOILINBA.

Ha ocHOBaHMH I'MCTONIOTMYECKOTO aHaIM3a ITI00eroB M. sinensis MOXXHO TIPEATIO-
JIOKUTB, YTO HEKOTOPbIE SK3EMIUISIPBI HAKAITMBAIOT OOJIBIIIOE KOJTMIECTBO JIMTHUHA
B CYXHX, 3aBEPIIMBIIMX BETeTAIMIO COIOMHHAX, YTO, BEPOSTHO, 3aTPYAHUT IPO-
MBIIIEHHYIO NepepaboTKy. [109ToMy HEOOXOIMMBI JOTTOITHHUTEIBHBIE HCCIICTOBAHHS
MOJIOJIBIX TOOETOB JIUIsl M3yUCHUS! TMHAMHUKH HAKOTUICHNS JIMTHUHA. B CBs3M ¢ 5TNM,
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BO3MOXXHO, IPOAYKTHBHEE Oy/eT paHHsist yOOpKa BereTarus-
HOM Macchl, a Hanboee 1esriecoodpa3eH CeNeKTHBHBIN 0TOOp
oco0eil, HaKaITMBAIOIMX MEHBIIE JUTHUHA (C HaMMeHee
Pa3BUTOH CKIEPEHXHUMOH).
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OCO6eHHOCTU peCcypCHOro Bua
Miscanthus sacchariflorus (Maxim.) Hack.
IIpV MHTPOAVKUIUM B 3ariagHoii Cubupu
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B HacTosweln paboTe npeAcTaBNeHO HayYHO-TEOPETMUECKOe 060CHOBaHUE 1 SKCMEepUMEHTaIbHOE MOATBEPXKAEHNE
Bbl6OPA JIErKOBO30OHOBIAEMOTO LieINoNno3ocoaepKaLlero coipbsa — Miscanthus sacchariflorus (Maxim.) Hack. - c uenbto
nonyyYeHnNa 13 Hero JO6pPoKauyeCcTBeHHbIX NUTaTeNbHbIX Cpel AnsA 6rocnHTesa bakTepuanbHOW Lennonosbl. OT6op
bopm, NepcrnekTUBHBIX ANA Cenekuuu, NPOBOAUN B YCJIOBUAX UHTpoayKuun LleHTpanbHoro cmbupckoro 6otaHuye-
cKkoro cafia Cnbupckoro otaeneHna Poccuinckoin akagemun Hayk. Lienb Hawmx nccnefoBaHuii — U3yyeHne oHTOreHesa,
MacCCOBOW JOMN LEeT0N03bl Y HELLENION03HbIX KOMMOHEHTOB, BK/OUYAsA NINTHUH, @ TakXKe NPOLeCcCoB oapeBecHeHN s
BEreTaTuBHbIX (CbIPbEBbIX) OPraHOB B TeUEHME CE30HHOrO Pa3BuTUA. CpaBHUTENbHBIV aHanU3 0COBeHHOCTEl OHTOre-
He3a MOJIHOTO TWMa Y PAcTEHNI, BbiPaLLeHHbIX 13 CeMAH, COOPaHHbIX B €CTECTBEHHBIX MECTOOOUTAHUAX, MOKa3aJl, uTo
o6pasubl M. sacchariflorus n M. sinensis Anderss. 0TnMyaoTca NPOACIKUTENbHBIM NPebbiBaHMEM B Hanbonee ysa3BUMbIX
OHTOrEeHETNYECKMX COCTOAHMAX — MPOPOCTKAX U IOBEHUNbHBIX pacTeHusix. [osTomy 6onee ycnewHoe BbipalymBaHye
cesHLeB nyylle NPOBOAUTb B YCOBUAX 3aLLMLLEHHOTO FPYHTa, @ NPOW3BOACTBEHHbIE MIOWAAN LienecoobpasHo 3a-
KnafblBaTb 3a cyeT bosnee yCTOMUYMBOro BEreTaTMBHOIO KNOHMPOBaHHOMO MaTepuana. Mpu aHanmnse XMMMYeCKoro co-
CTaBa pacTeHMsA B LIEJIOM, a TaKXe NNCTa 1 cTebns oTaenbHo cemu ypoxkaes M. sacchariflorus o6Hapy»eHo, 4To no mepe
B3POC/IEHVS MNAHTALMN YBENMUMBAETCA MAacCoBas A0S LE/UT003bl U YMEHbLIAETCA COAepKaHvie HeLensTiono3HbIX
KOMMOHEHTOB. BblsiBNIEHO, UTO BHE 3aBMCUMOCTU OT BO3pacTa pacTeHna B cTebsie MUCKaHTyca NpUCyTCTBYeT 6onee Bbi-
COKas MaccoBas [oNA LensIiono3bl, YeM B ncte. MaccoBas fosis Liennionosbl B LiesIom cocTaBnsaeT 48-53 %, uto cauge-
TeNbCTBYET 06 aKTyasIbHOCTY M3YyYeHUA GMOCHHTE3a GaKTepUanbHON LENON03bl Ha NTaTeNbHON CPeae U3 pacTeHuni
M. sacchariflorus. TlocKonbKy [N TEXHONOMMYECKNX NPOLIECCOB, KAacaloLMXCA GOCKHTe3a 6aKTepranbHON Lenionosbl,
BbICOKOE COfepKaHMe JIMrHVHa HeXXenaTenbHo, HaMu 6biy NPoBEeAeHbl TMCTOXVMUYECKE NCCNIE[OBaHMA MoMnepey-
HbIX CPe30B CONIOMUH ANs onpefeneHns Ce30HHOWN AMHAMUKN NUrHUdUKaumm. Ha 0OCHOBaHUM MOnyYeHHbIX pesynb-
TaTOB MPEAJSIOKEHO NPU YCTAaHOBIEHUN KOHKPETHbIX CPOKOB 3aroTOBKMW Hafi3eMHOWM MacCbl B KaUecTBe TEXHOMOrMye-
CKOTO CblpbA MOATBEPXKAATb NX AAHHBIMY TMCTOXMMMYECKOTO aHaNiM3a Ce30HHON ANHAMUKIK THUGUKaumm noberos
M. sacchariflorus. Takum obpa3om, n3yyeHne xummyeckoro coctaBa M. sacchariflorus, BbipalleHHOro B KIMMATUUYeCKMX
ycnosusax Cnbupu, NpefcTaBnio NepcnekTMBHOCTb €ro NCMOb30BaHUA C LieNbio MOJTyYeHNs MIKO3HOro cybcTparta —
OCHOBHOIO KOMMOHEHTa JOOPOKaUeCTBEHHbIX MUTATENbHBIX CPef AnA 6rocrHTe3a bakTepranbHON LeNonos3b.
KnioueBble cnosa: MuckaHTyc; Miscanthus sacchariflorus; oHTOreHes; XUMUYeCKINiA COCTaB; Liennono3sa; 6akTepuanbHas
Lienfo03a; MCTOXVMUYECKNIA aHanmn3.

Ana untnposanus: lmcmatynuna lO.A., bynaesa B.B., Cakosuu I'B., Bacunbesa O.10., 3yeBa I'A., Tycap A.C., JoporuHa O.B.
OcobeHHocTn pecypcHoro Buga Miscanthus sacchariflorus (Maxim.) Hack. npu nHtpoaykuun B 3anagHoi Cnbmnpu.
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Features of the resource species
Miscanthus sacchariflorus (Maxim.) Hack.
when introduced in West Siberia
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Here we provide a scientific justification and experimental support for the choice of easily renewable cellulosic feed-
stock Miscanthus sacchariflorus (Maxim.) Hack. in order to obtain high-quality nutrient broths therefrom for bacterial
cellulose biosynthesis. The plant life-forms promising for breeding were screened under introduction conditions at
the Central Siberian Botanical Garden, SB RAS, and this study was thus aimed at investigating the full and reduced
ontogenetic patterns; cellulose and noncellulosic contents, including lignin; and duraminization of vegetative (feed-
stock source) organs throughout the seasonal development. The full ontogenetic patterns of the plants grown from
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Features of the resource species Miscanthus sacchariflorus
(Maxim.) Hack. when introduced in West Siberia

seeds that had been collected in native habitats were compared to show that M. sacchariflorus and M. sinensis Anderss.
accessions are distinguished by longer being at the most vulnerable developmental stages: seedlings and plantlets.
Hence, it is preferable to cultivate seedlings on protected ground, and plantations are advisable to establish with more
stable cloned vegetative material. The chemical compositions of the whole plant, leaf and stem separately, from seven
M. sacchariflorus harvests were examined to reveal a rise in cellulose content and a drop in noncellulosic content with
plantation age. The Miscanthus stem was found to contain more cellulose than the leaf, regardless of the plant age. The
overall cellulose content was 48—53 %, providing a rationale for studies of bacterial cellulose biosynthesis in a M. sac-
chariflorus-derived nutrient medium. Since high lignin content is undesirable for technological processes concerned
with biosynthesis of bacterial cellulose, we performed histochemical assays of transverse sections of the culms to moni-
tor the seasonal course of lignification. Our results suggest that the specific time limits for harvesting the aboveground
biomass as a feedstock be validated by histochemical data on the seasonal course of lignification of M. sacchariflorus
sprouts. To sum up, the examined chemical composition of M. sacchariflorus grown in the Siberian climate conditions
demonstrated its prospects as a source of glucose substrate, the basic component of good-quality nutrient media for
biosynthesis of bacterial cellulose.

Key words: Miscanthus; Miscanthus sacchariflorus; ontogeny; chemical composition; cellulose; bacterial cellulose;
histochemical analysis.
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BBepeHune

B Hacrosiiiee Bpemst BeCbMa aKkTyallbHbI 33/1a4H 110 TIOMCKY
HKOJIOTMYECKN OE30MaCHBIX U AKOHOMHYECKH JTOCTYITHBIX
WCTOYHHMKOB SHEPTHHU JIS MHOTOLIEIEBOTO MCIIOIB30BAHUS
(Jones, Walsh, 2001; Ilymusii u ap., 2010; Joporuna u ap.,
2018; Schroder et al., 2018). Oco0rb1if ”HTEPEC MPENCTABIAIOT
MHOTOJIETHHE BH/IbI TPABSHUCTBIX PACTEHHI C BBICOKOH CKO-
POCTBIO POCTA, XapaKTePU3YIOIIUECs BBICOKUMH 3HAYCHUSIMU
HapacTaHWs HAJ3€MHON BEreTaTMBHON MacChl, TaK KaK OHU
MMEIOT Psi/i DKOJOTUYECKUX MPEHMYIIECTB MEpe OAHOJIET-
Humu (Zhang et al., 2011; Igbal et al., 2015). Hapsiay ¢ us-
BECTHBIMH BUIaMH B IPAKTUKY AKTUBHO BHEIPSIOTCS HOBBIE
pacTeHusi, B TOM YHCIIe MUCKAaHTYC.

Muckanryc, Miscanthus sacchariflorus (Maxim.) Hack., —
MHOTOJIETHSIS] SKOJIOTHIECKH 3P (hEKTUBHAS 371aKOBas KYJIBTypa
C BBICOKUM IPUPOCTOM OroMacchl, Ha yposHe 10—15 T/ra/ron
Ha npoTskeHnu 15-25 net (CasibKO U 11p., 2013; Bynarkun
u np., 2015, 2017; Kamycrsaunk u ap., 2016; Gismatulina,
Budaeva, 2017). Ans MuckanTyca xapakrepeH ocoosrii, C4-
yTh OTOCHHTE3a, YTO TTIO3BOJISIET EMY OCTABATHCS OJJHUM M3
caMbIX 3 ()EeKTUBHBIX AKKyMYJISITOPOB COJTHEUHON SHEPTUH HA
IUIaHEeTe U 00eCIeYnBaTh BBICOKYIO €KETOIHYIO IPOTYKTHB-
HOCTh Jla)Ke Ha HeruIoAopoAaHbIX 3emiisix (CIbIHBKO H Jp.,
2013; ArucumMoB u 1p., 2016; Morandi et al., 2016; Xue et
al., 2017).

B cBsI3M ¢ MOMCKOM HENHUIIEBBIX UCTOYHHMKOB YINIEpoJa
JUISl TIOTyYCHHs] YHUKAJIBHBIX MPOAYKTOB MHKPOOHAIBHOTO
cunresa Miscanthus sacchariflorus (Maxim.) Hack. mor 051
CTaTh MEPCHEKTHBHBIM ChIPhEM JIJIsl TIOJIy4eHUs J100poKa-
YECTBEHHBIX MUTATEIbHBIX CPEJl U KOHKPETHO Ul OMOCHH-
Te3a OakrepuanpHoi nemtronossl (BI]). Ocobennoctsimu
9TOTO BHA, BRIPALLICHHOTO B YCIOBUAX 3amanHoi Cubupw,
SIBISIFOTCSI CIIOCOOHOCTH HAaKaIlUIMBaTh OMoOMaccy B KPaTKo-
CPOYHYIO BETETaTHBHYIO ()a3y B CypOBOM KOHTHHEHTAIEHOM
KJIMMATe C KOPOTKUM 3aCyIUTUBBIM JIETOM, MOPO30CTOHKOCTb,
YCTOWYMBOCTH K BPEIUTEISAM U 3a00JI€BaHNSM U OTCYTCTBUE
HEOOXOIMMOCTH B yOOpEHHH TUIAHTAIMK BO BPEMsI BereTa-
TUBHOH (a3bl.

Jlecocrens 3amagHoit CHOMPH OTHOCHUTCS K 30HE PUCKO-
BAaHHOTO 3€MJICACIHS Ui MHOTHX CEIbCKOXO3SHCTBEHHBIX
KYJBTYp, MO3TOMY NPH MOAOOpE METOJ0B HCCIIET0BAHUS

AKIEHT JIOJUKEH OBITh CAETaH Ha W3YyYCHHH KOMIUIEKCHOH
YCTOIYMBOCTH, TIPOYKTHBHOCTH (YpOXKai III0JI0B, CEMSTH, Be-
reTaTUBHOI MacChl) M Ka4e€CTBE PACTUTENILHOTO ChIpbst. Kpome
TOTO, YUUTBIBAsE KOPOTKUI BETETAIMOHHBINA EPUOI, TSI pac-
TEHUH CEMEHHOTO M BETETATHBHOIO MPOHUCXOKIACHUS HE00-
XOJIMMO OIIEHHUTH CKOPOCTb ITPOXOKICHHS PA3JINYHBIX OHTOI'e-
HETUYECKUX COCTOSIHUH C BBISIBICHUEM HAaHOOIee YsI3BUMBIX.

B pamkax pomoBoro komruiekca Miscanthus, A3yd4aeMoro
B LlenTpanibHOM cubupckom dotannyeckom cary (LICBEC) CO
PAH u HWuctuTyTe mMpobieM XHMHKO-?HEPTeTHUECKUX TeX-
nonoruit (MITXOT) CO PAH, oco0slit nHTEpEC npencranis-
eT pecypcHblii OnosHeprerndeckuit Bug M. sacchariflorus.
[TockonbKy BBEAEHHE €T0 B KYyJIBTYpY H BbLIENCHHE (OpM,
MIEPCIIEKTUBHBIX JUISl CEJICKINH, POBOJSTCS 3a MpeaeIaMu
€CTECTBEHHOIO apealia ¥ KIIMMaTHYeCKOW 30HbI, HAIM HC-
CJIeI0BaHMs OBIIIM COCPEIOTOUCHBI HA M3yUCHUH OHTOTEeHE3a
MOJTHOTO M COKPAIIEHHOTO THUIIA, COACPXKAHNH IIEIUTIONO3bI
1 HELEJUTIOJI03HbIX KOMIIOHEHTOB, a TAK)KE IPOBEJICHUH TH-
CTOXMMHUYECKUX HCCIIEIOBAHNH MPOLECCOB OIPEBECHEHHS
BETCTATHBHBIX (CHIPHEBBIX) OPTaHOB B IPOIIECCE CE30HHOTO
pasBHUTHSL.

Hacrostiiast pabota mocBsiieHa n3y4eHnIo OHTOTeHe3a, XH-
MHUYECKOTO COCTaBa M MPOIECCOB OJPEBECHEHNS BETETATHB-
HBIX OpraHoB M. sacchariflorus ¢ 1eIbIO MONTyYeHHST JOOPO-
KaueCTBEHHBIX MUTATENIbHBIX CPE U TTOCIIETYIOIIEr0 MUKPO-
OMOJIOrMYeCKOTro CHHTE3a OaKTEpPHUaIbHOM LEIUTIONO3HI.

MaTepmanbl n metoabl
B kadectBe 00bEKTa B UCCIICIOBAHUN UCIIONB30BAHBI 0COOH
M. sacchariflorus (Maxim.) Hack. u js cpaBHEHUsI B ITpoO-
mecce OHTOreHe3a — ocodu M. sinensis Anderss. Pacrenns
9THUX JIBYX BUIOB OBLIH OTOOpAHBI ¢ TeppUTOpuu JampHero
Bocrtoka Poccun u untpogyuupoBansl B [ICBC ¢ 2012 1.
KagecTBeHHbBIC MPU3HAKK OHTOTEHETHYECKUX COCTOSHUN
OTIHCHIBAJIH C TIOMOIIBIO IITKAIBI TIEPHOIN3AIIUI OHTOTeHE3a
(Ypanos, 1967, 1975; llenononynsuuu pactenuit, 1976,
1988), a Taroke padoT, MOCBAMICHHBIX N3YYCHNIO OHTOTeHE3a
3nmakoB (OHTOTeHeTHYEeCKuit aTiac. .., 1997, 2013).
XuMUYeCKUll COCTaB ObLIT OMPECIICH B CEMH YPOXKasX
MHCKaHTyCa: B IIEJIOM PACTCHHH, JINCTE U CTEOIE OTICIBHO.
JIJs yCTAaHOBJICHUST XUMHYCCKOTO COCTaBa MHICKAHTYC €¥Ke-
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TOJIHO cOOMpaiH (Cpe3aiy HOKHUIIAMH HAJ3€MHYIO Y4acTh PACTEHUS C OTCTYIIOM
10—15 cm ot 3emim) B mepuon ¢ 3-ro o 8-¢ oKkTsI0pst B TeueHne cemu jet (¢ 2011
no 2017 rr.). Iocne cbopa ypoxast )KH3HECIOCOOHbIE KOPHEBHIIIA OCTABAINCH B
Mo4Be 3MMOBarh. TakuM 00pa3oM, IuTaHTanusl ObuIa 3aj10KeHa oauH pa3 B 2011 1,
a cOop yposkast IPOMU3BOANIN MHOTOKPATHO (Y€pE3 TO1 TOCIIE Cpe3a MPEIbIAYIIETO
ypoxas). [lepen onpeneneHneM XMMUYECKOTO COCTaBa MUCKAHTYCa ChIPbE OBLIO
BBICYIIEHO Ha BO3JIyX€ JI0 BJIXHOCTU He Ooisiee 8 % M M3MENIBIeHO HOXHULAMHU
110 pa3mepa ppaxmun 5—10 mMm.

Omnpenenenne XUMUYECKOTO cOCTaBa LEJUT0N036l Mo KropirHepy (oOpaboTka
HaBECKH MPOOBI ATAHOJIBHBIM PAacTBOPOM a30THOM KHCIIOTHI); HELIEJUTIOIIO3HBIX
KOMITOHEHTOB — MIEHTO3aHOB (HarpeBaHHe HAaBECKH MPOOBI C PACTBOPOM COJISTHON
KHCIIOTHI ¥ BBISIBIICHHE OTOTHAHHOTO (hypdyposa criekTpodoToMeTprHIecKuM Me-
TOJZIOM) MPOBOJIMJIN MO CTAHAAPTHBIM METOAMKAM aHAJIN3a PACTUTENIEHOTO CBHIPhS
(Obonenckas u ap., 1991); 301pHOCTH (CKUTAHIE HABECKH IPOOKI B haphopoBoM
THUIJIC W MTPOKAJMBAHUE OCTAaTKa B My(EJFHOHM IT1€4n); KHCIOTOHEPACTBOPUMOTO
nurarHa — o TAPPI T222 om-83; sxupoBockoBoi (pakumu (3KCTparupoBaHue
HaBECKH MTPOOBI XJIOPUCTHIM METHIICHOM, BHITIAPUBAHUE SKCTPAKTA U CYIIIKa HEJIETY-
yero octarka) — 110 TAPPI 204 cm-97. BnaxxHoCTh 00pa31ioB ChIPbs ONIPEISIIsIIN Ha
ananu3arope Biaaxxuoctd OHAUS MB-25 (CILIA). XumudecKkuii COCTaB ChIpbst ObLI
BBISIBIICH C MCITOJIB30BaHUEM MPUOOPHON 6a3pl BUHCKOTO pernoHaIbHOTO IEHTPa
kosutekTuBHOTO monb3oBanus CO PAH (MITXOT CO PAH, buiick).

Jnst mpoBeIeHUs] THCTOXMMHUYECKOT0 aHain3a ObLIM OTOOpaHbl BereTaTUBHbIC
MOOErH B KOHIIE aBIyCTa M CyXHM€ — Ha 3aKIIOUYUTEIbHONW CTaJnU BETCTALUHU B
KOHIIE CEHTSIOPSI — OT PACTEHHH, IPUBE3CHHBIX PaHEE U3 MPUPOTHBIX MOMYIISIHN
JKUBBIMY KOPHEBUIIAMU U3 Tpex nomyisinuid Yyryesckoro u XacaHcKoro paiioHOB
ITpumopckoro kpas. Vix mocnemyrolas BereTamnus IpoxXouiia B OJHOTUITHBIX yCIIO-
BUSIX B cocTaBe OnopecypcHoit HayuHoi komutekiun LICBC — USU Ne 440534. [lns
aHaM3a Opaii 4acTH cTediIsi OT MUHUMAJILHOM ITPOMBILIIEHHOW BBICOTHI — 10 cM
OT YPOBHS TIOYBHI JyHHON 10 cM.

JanpHelimuye uccaeq0BaHus OCYILECTBIISUIN B LIEHTPE KOJUIEKTUBHOTO MOJIb30Ba-
uusi LICBC CO PAH. [Toberu npomosibHO Hape3ain CKabIIeieM Ha OpyCKH OKOJIO
3 MM, TOMEIIAIN Ha 3aMOPaKUBAIOIINH MHUKPOTOM W BBITIOJIHSIIN TPOIOTIbHBIE
ceueHnst 60-90 MKM, OKpaImuBail (IOPONITIOIIMHOM I10 CTaHAAPTHON METOHKE
(bapwikuna u ap., 2004). MukpockonupoBaHue ¢ pOTOCHEMKOH BBIIOIHSIN Ha
cBeToBOM MuKpockone Carl Zeiss Axio Scope Al.

Pesynbtatbl

HccnenoBamu ocobeHHOCTH OHTOTeHE3a M. sacchariflorus B CpaBHEHHUH C 0COOSIMH
Jpyroro Buaa — M. sinensis, HOCKOJIBKY B €CTECTBEHHBIX MecTooOuTanusx B [1pu-
MOPCKOM Kpae 3TH BH/bI TPEJCTaBICHbI pa3inyHbIMU Onomopdamu. M3yuenue
CTAHOBJICHUS KU3HEHHOI ()OPMBI B OHTOTE€HE3€ B HOBBIX YCIOBHSIX IpOM3pac-
TaHWS MO3BOJISICT pa3paboTaTh KOMIUICKC MTPUEMOB BO3/EIBIBAHMS, ONPEACIUTD
ONTUMAJIBHBIEC CPOKHU 3arOTOBKH CBHIPbA.

ITockonbKy TUTEpaTypHBIE JTaHHBIE 00 0COOEHHOCTSIX OHTOTeHE3a pona Miscan-
thus OTCYTCTBYIOT, HAMH BIIEPBBIC IIPOBE/ICHO MOAPOOHOE M3YUEHHE OHTOTCHE3a
ocobeit M. sacchariflorus B cpaBHEHUU ¢ 0c00siME M. sinensis. YCTaHOBJICHO, YTO
JaTeHTHbIN niepuon M. sacchariflorus ipeacTaBiIeH ceMEHaAMH, HAXOAAIINMUCS B
COCTOSTHHH BBIHYKJICHHOTO HEINTyOOKOTO ITOKOsI. 36pHOBKH OYE€Hb MEJIKHE, JITHHON
ot 2.3 110 2.6 MM, Y3KO3JUTUIICOHIAJIbHBIC, CBOOOIHBIC, 3aPOIBIII B JIBa Pa3a KOPOUe
CEMEHH.

IIpereneparuBHbIii nepuos. I1pyu nmocese B 1a0OPATOPHBIX YCIOBHUAX BCXOJIBI
MOSABIISIIOTCSL HA TPEThU-YETBEPThIE CYTKH. DHEPrusl MpOpacTaHUs U BCXOXKECTb
CBEXECOOPaHHBIX (B €CTECTBEHHBIX MECTOOOWTAHUAX) CEMSH OYCHBH BBICOKHE:
80.0-85.5 %. IIpopocTkn mpencTaBIeHb! IEPBUYHBIM TOOETOM U 3aPO/IBIIICBBIM
KoperikoM. Yepes ceMb THeW BO3HHKaeT BTOpoi JiucT. [lanbHelinee o0pazoBaHue
OYepeTHbIX JUCTHEB NMPUOCTAHABINBAETCS, HO NPH 3TOM AKTUBHO Pa3BHBACTCS
KOpHEBast CHCTEMa, COCTOSIIAst U3 IIPUIATOYHBIX KOpHEH. B cocTostHnm mpopocTka
pacTeHus! HaXO/ATCsl OYEHB JUINTEIbHOE BpeMs: 10 2.5 mec.

VY IOBEeHWJIBHBIX PACTEHHH TEpSeTCs CBSA3b C 3epHOBKOW. [lepBuuHBIi mober u
KOPHU COXPAHSIOTCS ¥ Pa3BUBAIOTCS. 3€JCHBIX aCCHMMIINPYIONINX JINCTHEB Ha-
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Puc.

1. OparmeHTbl
HbIX pacTeHuin: a — Miscanthus sacchariflorus
(Maxim.) Hack.; 6 — Miscanthus sinensis Anderss.

KOpHeBUW, WnmMmaTyp-

cunthiBaeTcs 9—10, oHn Oojiee MeNKue
U y3KHE, YeM Y B3POCIBIX PACTCHHH.
V M. sinensis 4enryeBUIHbIE TUCTbS Y
OCHOBaHUS 100€era IJIOTHO MPHIKATHI.
ITpomoIKUTETPHOCTh OHTOICHETHYE-
CKOTO COCTOSIHHS — 00JIee IBYX MECSILIEB.
Crnenyer OTMETHUTh, YTO NMPOPOCTKH U
IOBEHWUJIbHBIE PACTEHHMS /10 Havaja Be-
TeTallMOHHOTO TEePHO/ia Pa3BUBAINCH
B TEIUIUIIE.

IToGeroBast n KOpHEBast CHCTEMbI UM~
MaTypHBIX pacTeHuit (puc. 1, a, 6) npu-
00peTaroT NepexoJHble MPU3HAKU OT
IOBEHWJIBHBIX K B3POCIBIM. THIT INCTHEB
TaKXKe TePEXOAHBIN, OHU aKTHBHO pac-
TYT, YBCJIMYMBAIOTCA JJIMHA U LIWPUHA.
OCHOBHOH MapKepHBIA THATHOCTHYE-
CKMH TPHU3HAK JAHHOTO COCTOSIHHA Y
3JIaKOB — pacTeHHUsI NepexoisT B a3y
KymieHust. HIKHUE THCThsT OTKIOHSIOT-
s OT CTEOIIsl, MPUHUMAs TOPU30HTAIIb-
HOE I0JI0XKEHHE, OTMHUPAIOT, BBIPACTAIOT
BHYTPHBJIATAJTUIIHBIE OOKOBBIE TTOOLTH.
Y M. sacchariflorus nmoberoodbpasona-
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HUE uaeT 6osee akTUBHO (CM. puc. 1, @), 4To B JanbHEHIIEM
JIaeT eMy IPEUMYIIECTBO B HAKOIICHHN BET€TATUBHOM ChIPbE-
BOW MAaccChl, pa3BUBAIOTCsI OOKOBBIE MOOETH B uncie 2-3, a'y
pacteHuil M. sinensis — JIUIIb IO OTHOMY OOKOBOMY HOOETY
(cm. puc. 1, 6). IIpogomKUTENBHOCTh ATOTO OHTOTEHETHYE-
cKoro coctostuus 4—4.5 mec.

Buprunniabnbie pacrenus. {uamerp nepHunsl M. si-
nensis (15-20 cM) 3HaUUTENBHO yCTynaeT auamerpy M. sac-
chariflorus (25-30 cm). CteOu, TUCTBS ¥ KOPHU — B3POCIIOTO
Tuna. bokoBbie MoOery pa3BUBAIOTCS OBICTPO, AOTOHSS TIO
BBICOTE IIaBHBIM mober. HmwxHME IUCTBS TIaBHOTO modera
OTMHPAIOT, K 9TOMY MOMEHTY 3€JIEHBIX aCCHMHIIMPYIOIINX
JIUCThEB HacUUTHIBaeTCs 7—9. OTMedaeTcsi CTaHOBIICHHE KH3-
HEHHOH ()OPMBI, THITHYHOH JJIS1 B3POCIIOTO PACTEHHUS: MHOTO-
JICTHUH JICTHE3EJICHBIH, TPABIHUCTBIH, KOPOTKOKOPHEBHUIII-
HBIH, PBIXJIO-JEPHOBUHHBIN, CUMIIOANAIBHO HapacTarOUIUi
MOJMKAPIHK C ITOTYPO3ETOYHBIM HPSMOCTOSIYMM ITOOETOM y
M. sinensis 1 MHOTOJICTHUN JIETHE3€JIECHbIN, TPABSIHUCTHIMH,
TOHKO-HHHHHOKOpHeBHHlHLIﬁ, CUMIIOIUAJIBHO HapacTaro-
X MONMMKAPIHK C YATHMHEHHBIM IIPAMOCTOSYUM OOEroM y
M. sacchariflorus. I'enepaTHBHBIX TIOOETOB y OOJBIIMHCTBA
pactenuii HeT. B ceHTsI0pe K KOHILy BEreTaljiOHHOTO Ieprosia
TIEPBOTO TOJIA )KU3HHU Y pacTeHuid oOpasyercs oT 8 1o 20 Be-
reTaTuBHBIX M00eroB. CpeHee KOMMYeCcTBO MOOEroB Ha pac-
tenue — 6osee 10, cpemusis BeicoTa pactenuii —57.5 em. Kop-
HEBas CHCTEMa XOPOIIIO PA3BUTA, JUIMHA €€ MIPEBBIIIAET 15 cM.

Ennangnbie 00pasipl Mepelnii B TeHEPaTUBHBIN TTEPHO.
OiHaKo Ha MOJIOJIBIX I'E€HEPATUBHBIX PACTEHUSIX (POPMHUPOBa-
JIOCh JIUIIB 110 OTHOMY T€HEPAaTHBHOMY T00ETY, Ha KOTOPBIX
ceMeHa He BBI3pend. OTOT (akT ObUT yCTaHOBJIEH HAMH paHee
JJI1 BECpHUKA B YCJIOBUAX KOHTUHCHTAJIBHOI'O KjIMMara Jic-
cocrenu 3amagHoi Cubupw, Tak Kak HE XBaTaeT Tervia s
(dopMHpOBaHHS CEMSH B OKTSOpE, B OTIMYHE OT YCIOBHUH
MYCCOHHOTO Kinmara tora [Ipumopssi.

Takum 00pa3om, n3ydeHne 0COOEHHOCTE OHTOTEHEe3a MMOJI-
HOTO THIA Y paCTEHUH, BBIPAIIEHHBIX U3 CEMSIH, COOPaHHBIX
B €CTECTBECHHBIX MECTOOOMTAHUSIX, [TOKA3AJI0, UTO 0Opa3Ibl
JIBYX BHJIOB BEEPHHUKA OTIMYAIOTCS MPOIOJKUTEIBHBIM TIpe-
ObIBaHMEM B HanOoJIee yI3BUMBIX OHTOT€HETHYECKUX COCTOS-
HUSIX — IPOPOCTKOB U FOBEHWIBHBIX PACTECHUM.

ITo sxcniepTHBIM OIIEHKaM, B OJIFKaiIIIeM OyIymieM ChIphe,
XapaKTePH3YIOIIeeCsi MACCOBOCTBIO, IOCTYITHOCTHIO, €XKETr01-
HO# BO300HOBIIIEMOCTRIO, HU3KOH Ce0eCTOMMOCTBIO, BBICO-
KOM IKOJIOTHYECKOH 3 PEKTUBHOCTHIO M CTAOMIBHOCTHIO MTPH
XPpaHEHHH, CTAHET OCHOBHBIM IS psijia OMOTEXHOIOT NIECKIX
nponsBozcTB (Mussatto et al., 2010). MuckaHTycC MOJIHOCTBIO
COOTBETCTBYET 3TUM KPUTEPHSIM.

Wzyyenne xumudaeckoro cocraBa M. sacchariflorus, BbI-
patieHHoro B yciaoBusix CHOMPH, TO3BOJIUT OLIEHUTH 1IEJIEeCO-
o0pas3HocTs ero epepadotkn 1t 6nocuaTesa b1 bakrepu-
aJbHasl [EJITI0N03a — OPraHMYECKUH HaHOMaTepua, CHHTe-
31/1pyeM1)11‘/'1 BHCKJICTOYHO MUKPOOpPraHnu3MaMiu B CTATUICCKUX
(Ha MOBEPXHOCTU MHUTATENBHON CPEJIbl) MM JUHAMHYECKUX
(npu nepemermBanum) ycsroBusix. Onucansl pazHOOOpa3HbIe
nUTaTeIbHble cpebl st KyasruBupoBanus bl (Goelzer et
al., 2009; Hong et al., 2012; Chen et al., 2013; Sakovich et
al., 2017; Velasquez-Riafio, Bojaca, 2017; Revin et al., 2018;
Hussain et al., 2019), nperMyI11ieCTBOM Cpear HUX 00JIaTat0T
OTXO/IbI TUIIEBOH MPOMBIIIJIEHHOCTH M arPApHOTO XO3SIHCTBA.
MHpPOBBIM TPEH/IOM CYHTAETCst 000CHOBaHNE HCIIOIB30BAHUS
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HU3KOCTOMMOCTHBIX MHUTATENLHBIX cpen Juisi cuHTe3a blI.
Ho MuckaHTyC B CIUCKaxX MOTEHIMAIbHBIX MHUTATEIbHBIX
Cpe/l — JIOCTAaTOYHO peKoe SIBJICHnEe. XUMHUYECKHH COCTaB
cemu ypoxkaeB M. sacchariflorus — 11e70r0 pacTeHusl, JIUCTa
1 cTeOIIs OTICEHO — MIPHUBEACH B TaOIHUIIE.

W3BecTHO, YTO CoJepKaHNE XMMUYECKHX JJIEMEHTOB B
pa3IMyYHBIX OpraHax PacTeHUH M3MEHYUBO M 3aBUCHUT OT
BU/Ia ¥ BO3PACTa PACTCHNUS, PETHOHAIBHBIX KINMATHYECKUX
0COOCHHOCTEH, CE30HHOTO PAa3BUTHS M JECOPACTUTEIBHBIX
ycioBuii Mmectonpouspactanuii (Topimonosa, Podakumse,
2012). MaccoBblif ypokali MUCKaHTyCa TaKke 3aBHCHUT OT
MHOTHX (PaKTOPOB: T€HOTHIA, THIIA MTOYBHI, UCTIOIb3YEMBIX
MUTaTEIbHBIX BEIIECTB, BO3PACTa MOCAAKH, OMOKIMMaTHYe-
CKOTO MECTOMOJIOKEHHSI U ITOTO/Ibl B TEUEHHE CEITbCKOXO03SH-
cTBeHHOTO ce3o0Ha (Brosse et al., 2012).

Pa0oThI 110 M3yUYeHHUIO 3aBUCMOCTH XMMUYECKOT0 COCTaBa
OT BO3pACTa PACTEHUsI HA TIPHMEPE TPEX yPoxkKaeB (BO3pPacTOM
tanTamu 2, 3 u 4 roga) ais 244 TeHOTUIIOB MUCKAaHTycCa
YCTAHOBWJIM OTCYTCTBHE CYIECTBEHHBIX U3MEHEHHUU I10
BCEM KOMIIOHEHTaM, Kpome 3ombHocTH (Allison et al., 2011;
Arnoult, Brancourt-Hulmel, 2015). [IpoBeneHbI Takxke Uccie-
JIOBAHMS 110 U3YUYEHHIO 3aBUCHMOCTH XUMHYECKOI'O COCTaBa
ot Mopdomoruueckoit yactu pacteHns (Kporkesud, 1983 u
np.; Bergs et al., 2019). Oxgnako 311 pabOTHI TPOBOIMIHNCH
B YMEPEHHBIX KJIMMAaTHYECKUX YCJIOBHSIX, & HE B YCIOBHSIX
pe3ko KoHTHHeHTanpHoTo KimMmara Cubupn. [Toatomy nzy-
YEeHHE BIMSHUS BO3PACTa IUIAHTALMHM U MOP(HOIOTHIECKOH
YacTH Ha XUMHYECKHH COCTaB MUCKAaHTYCa, BHIPAIIEHHOTO B
Cubupu, ocTaeTcs aKTyaIbHBIM.

Ha npumepe cemu ypokaeB M. sacchariflorus (cMm. Tabmu-
Ily) yCTaHOBJIEHA 3aBUCHUMOCTh XMMHYECKOTO COCTaBa HE
TOJIBKO OT BO3pAcTa PAaCTEHUs, HO U OT ero Mopdomorude-
ckoif wactu. Llenoe pacTeHre MICKaHTyca XapaKTepH3yeTcst
XHMHYECKAM COCTABOM B CJIEIYIOIINX JANANa30Hax: MacCcoBast
qons nentono3sl mo Kropmraepy 41.7-53.6 %; 301bHOCTB
3.2-6.3 %; maccoBast 40JIs KHCIIOTOHEPACTBOPUMOIO JTUTHH-
Ha 20.1-23.8 %; maccoBasi qoJis neHTo3aHoB 18.6-25.3 %;
MaccoBasi JIoJisl JKHPOBOCKOBOW (pakmmu 2.8-5.7 %. Ilomy-
YEHHBIC PE3YIIBTAThI COMIACYIOTCS C 3apyOEKHBIMU TAHHBIMHU
JUISl Pa3IIMYHBIX TEHOTHIIOB MUCKAHTYCa B YaCTH OCHOBHBIX
KOMITOHEHTOB — IIeJUTIONI036I U TuTHKHA (Jones, Walsh, 2001 ;
Somerville et al., 2010; Brosse et al., 2012). Conepxanue
KMPOBOCKOBOHW (DpaKkIMy IPEBbBIIIACT 3apyOeiKHbIC JaHHbIE:
0.5-0.6 % (Villaverde et al., 2009).

CornacHo IPUBEICHHBIM HCTOYHHKAM, OCHOBHBIE KOMITO-
HEHTBI MUCKaHTYCa — LIeJUTI0NI03a, (POPMUPYIOLIasi KapKac pac-
terust (40—-60 %); reMHIIEIITIONO3a — MATPHYHOE BEIIECTBO,
cocToslIee U3 Pa3IMIHbIX nosnmcaxapuaos (20-40 %); mur-
HUH, 00€eCIIeUNBAIOLINHN HKECTKOCTb U IIEJIOCTHOCTh CTPYKTY-
poI (10-30 %). Hamu ycTaHOBIIEHO, UTO IO MEPE B3POCIEHUS
TUTAaHTAIlMK yBEIMYUBACTCS MAccoBasi JIOJIS [EeJUTION03bI U
YMEHbIIAETCS COIEPIKAHNE HELEIUTIOI03HBIX KOMIIOHEHTOB.
3HAYUTEIHHBIN POCT MAcCOBOW JIONH IIEJUTIONO3BI MPOCe-
)uBaetcs ¢ mepBoro (41.7 %) mo msterii (53.6 %) Tox Ku3HHA
IUTaHTAUUH — IpakTHdecku Ha 12 %. [Tocie naTuneTHero Bo3-
pacTa IIaHTaIu1 3HAYUTEIbHOE YBEIIMUCHNE MACCOBOM JIONTH
IIEIUTIONIO3BI B PACTEHUSX He Habmonaercs, 50 % coneprkanue
LIEJUTEOJIO3bI BIIOCIIE/ICTBIN CTAOMIIBHO COXPAHSIETCS Ha IPOTSI-
KEHHH JIBYX JIET (ypOrkal MUCKaHTyCa BO3PACTOM IIaHTalluH
6 u 7 er). Takum 00pa3oM, yCTaHOBIIEHO, YTO MAKCHMAJIbHOM
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XrMnyeckmnm coctaB cemu ypoXkaeB M. sacchariflorus: Lenoro pacrteHuna, nucta n cTebna otgenbHo

log ypoxas,
BO3pacT niaHTauum

Mopdonornyeckas
YacTb MUCKaHTYyca

2011,
1roa

MaccoBas ons KOMNoHeHToB™, %

30na NNFHWH neHtosaHbl  KBD**
6.3 22.2 253 5.7
115 23.9 20.7 77

2013, Llenoe pacteHue 47.8
3 roga n,,,CT ......................................... 4 37 ........................
CTeGe ,-, b ................................... 5 0 7 ........................
2 0 14r ........................... |_l eno e paCTe H ,,,e ..................... 5 31 .........................
4ropa j'||/|c-|— ......................................... 4 33 ........................
CTeGe ,-, b ................................... 5 5 7 ........................
2 0 1 5 r ........................... |_l eno e paCTe H ,,,e ..................... 5 35 ........................
5 ner n,,,CT ......................................... 4 36 ........................
CTeﬁe ,-, b ................................... 5 66 ........................
2 0 1 5 r ........................... |_l eno e paCTe H ,,,e ..................... 5 01 .........................
6 net
2017,
7 net

* B nepecuere Ha a.c.c.; ** XKB® - xu1poBockosas dpaKums.

MacCOBOM JI0JIeH LEIUTION03bI XapaKTEPU3YETCs MUCKAHTYC C
nsaTiieTHel wiantanuu (53.6 %).

Cpenn HEUEJUTIONO3HBIX KOMIIOHEHTOB BBICOKOE COJEp-
JKaHWE JINTHUHA OKa3bIBaCT OTPHIIATCIBHOE BIUSHUC TPH
nepepabotke mis ouocunre3a BLI. [Toatomy HeoOxomumo
KOHTPOJINPOBATh CONEpKaHWE JINTHWHA, 00eCTIEINBAIOIIETO
JKECTKOCTb M LIEIIOCTHOCTh CTPYKTYPBI. B ¢Bsi3u ¢ 3TMM HaMu
6])1.]1[/1 MPOBEACHBI THCTOXUMHUYECCKUEC UCCIIEAOBAHWS ITOIIEPEY-
HBIX CPE30B COJIOMUH JIJIs ONIPEACTICHNS CE30HHOM TUHAMUKN
JTUTHUDUKALINH.

[pexncraBurenu pona Miscanthius OTHOCSATCS K OTHONOJIb-
HBIM pacTeHHsIM cemeiicTBa Poaceae, y OonpIIMHCTBA U3
KOTOPBIX COCYIHCTO-BOJIOKHHUCTBIC MYYKH 3aKPBITOTO THIIA
pasbpocassl 1o Beel Touie ctediss. CTpoeHue cTedis Be-
epHHUKa OJIMKe K TAKOBOMY V P)KU M STAMEHS — TapEeHXUMHBIE
KJICTKU M TIPOBOISIIIME ITyYKN PACIIOIOKEHBI OJIMXKE K TepH-
tdhepuu (puc. 2, a).

Mexay mydkaMd HaXOAHWTCS OCHOBHAS MapeHXUMHAs
TKaHb. A MOJ1 STIHAEPMICOM I10 TTepUEPUN OTUSTIIMBO BUTHO
HMHTCHCUBHO PO30BOC KOJIBIIO CKJICPEHXUMBI, HpH[[aIOHJ,eﬁ
MIPOYHOCTH COJIOMHHE, B TOM YHCIIE U 32 CYET TIOCTETICHHOTO
onpeBecHeHus. VIMeHHO mpolece TUrHU(HUKAUKE CO3/1aeT
TPYAHOCTH TPH JalbHeHeld nepepaboTke ChIpbsi U MOJy-
YeHHH TeIUTION036I. Ha prc. 2, 6 KIIeTKH U TKaHW, IMEIOIIHe
PO30BYIO OKpacKy pa3iIMYHON MHTCHCHUBHOCTH, OKpAIICHBI
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4.6 21.1 25.1 2.8
..................... 7523920846
..................... 2017227418
..................... 5922021050
..................... 9223620363
..................... 2114923027
..................... 3620118636
..................... 6722817061
..................... 2216020921
..................... 3222320445

(hITOPOTITIOIMHOM, OIIPEICIISIONINM CTCIICHb OJJPCBECHCHHS.
Kaxip1ii cocy11cTO-BOJIOKHUCTBIH ITy4OK COCTOUT U3 COCYIIOB
KCUJIEMBI, OKPY’KEHHBIX IPEBECUHHON MAPEHXUMOH, a TAKIKE
(hITO3MBI M1 CKIIEPEHXUMHBIX BOJIOKOH. OOKIIa/IKa ITyYKa TaKXKe
HMMEET BBICOKYIO CTEICHb OIPEBECHEHUS (CM. pHC. 2, 0).

OpHaKo ciexyeT OTMETHTD, YTO 3TH CPEe3bl OBUIH ClICIaHBI
[0 3aBEpILICHUH BETE€TAlMOHHOIO MEPHOAA, KOTAa MpPOLEecC
JUrHA(UKALMKY BBIPaXKEH HauOoJIee CHIIbHO BO BCEX TKAHSX.
HWccnenoBanus, mpoBeeHHBIE HA Oojee paHHEH CTaany 3a-
TOTOBKH CBIPbSI, TOKa3aJH, YTO OIPEBECHEHUE COJIOMUHBI HA-
XOIUTCS B HAYAJIbHOU CTaauu (CM. pHUC. 2, 6).

O6cyxpeHue

W3yueHne 0cOOCHHOCTEH OHTOreHe3a MOJTHOTO THIIA Y PacTe-
HUH, BBIPAIIEHHBIX U3 CEMSH, COOPAHHBIX B €CTECTBEHHBIX
MECTOOOUTAHUSX, BBISIBHIIO, YTO O0OPA3IIbl ABYX BUIOB BEeep-
HUKa OTIIMYAI0TCA MPOAOKUTEIIbHBIM Hpe6bIBaHHeM B Hau-
Goree yA3BUMBIX OHTOT€HETHIECKHUX COCTOSTHHAX — ITPOPOCT-
Kax ¥ I0BEHWJIbHBIX pacTeHHUsX. 3 3TOro ciieayeT BbIBO/, UTO
CEMEHHOI1 Cr10co0 pa3MHOKEHHMSI IIPE/ICTABIISIET HHTEPEC IS
paboTHI ¢ CENEKIIMOHHBIM MaTEPHUAIOM B YCIOBHIX BBICOKO-
ro arpodoHa, BKJIFOYasi BRIPAIIUBAHHUE CESHIICB B YCIOBHUIX
3aLUIIEHHOrO IrpyHTa. [IpOU3BOACTBEHHBIE U IOy IIPOU3BO/-
CTBEHHBIC TUIOMIAIN JODKHBI 3aKJIaIbIBATHCS 3a CUET Ooiee
YCTOMYMBOTO BET€TATUBHOIO KIIOHUPOBAHHOTO Marepuaa.
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Puic. 2. AHaToMMYecKoe CTpoeHe nomnepeyHoro cpesa ctebna Miscanthus sacchariflorus (Maxim.) Hack.: a - TunuuHoe (o6wwii BUg); 6 — B KOHLE CEH-
TAGPSA; 8 — B KOHL|E aBrycTa.

AHanu3 XIMHYECKOTO COCTaBa CeMH ypoxaeB M. saccha-
riflorus — Ienoro pacTeHusl, JINCTa ¥ CTeOIs OTIETHHO — ITOKa-
3all, 4TO MO Mepe B3POCJICHUS TUIAHTAIMH yBEITHYUBACTCS
MaccoBast OIS LIEIITIONI03b] M YMEHBIIAETCS COAEPKaHUE He-
IEIUTIOIIO3HBIX KOMITOHEHTOB B Onomacce. [Tocre nstnierHero
BO3pacTa IUIAaHTAIH POCTa MACCOBOMW JIOJIM LEJUTIONO3bI HE
Habmromaercs. Coneprxanne nemtono3sl oT 50.2 mo 53.6 %
OTIpe/ieTIsieT AaHHBIM BHJ MHCKAaHTyca KaK MEepCIIeKTHBHOE
LeJuTIoNI030coaepkaiiee ceipbe. CrenoBarenbHo, IS repe-
palboTKM 1enecoo0pa3HO MCIOIb30BATh 3PEI0E PACTECHHE,
TaK KaK BBIXO]] IEJUTIONIO36I U3 Hero OyzneT Bhime. [Inantannu
MHCKaHTyCa BO3pacToM 4—7 JIeT XapaKTepH3yIOTCsl BBICOKOM
MacCOBOM JJOJIEH IEIUTIONI03bI U HAanOOJIee MPEITOUTHTENbHbI
JUISl PA3IMIHBIX XUMUYECKUX U OMOTEXHOJIOTNIECKUX TPaHC-
dhopmaruii.

VYBenuueHne MaccoBOW JOJIU LEJIIIONIO3BI B LIEJIOM pac-
TEHWU B TEUCHHE IIATH JIET CBSI3aHO C TEM, YTO IUIOTHOCTh
BCXOJIOB MHUCKaHTYCa T'0f] OT I'ojla CTAHOBHUTCSI OOJIBIIIE U JIOJISI
JIMCTa, COAEPIKAIIETO MEHBINEe KOJMYECTBO LIEJUTIONO3BI, B
IIEJIOM yMEHbIIaeTcsl. BhIsBICHO, YTO HE3aBHCUMO OT BO3-
pacra rutaHTaluu 0oJee BEICOKAsi MaccoBast OIS LIEJUTIONO3bI
Habmromaerca B crebne mMuckanryca (48.1-56.6 %), dem B
mcre (38.7-45.2 %). HecmoTpst Ha paHHHE peKOMEHIANN
JUIsl pa3iIMYHBIX TEHOTHIIOB MHCKaHTyca (Brosse et al., 2012)
nepepadOTKH PaCTeHNUS B 1IeNIOM (6e3 yaaIeHus TNCTa), HAMU
YCTaHOBJIEHO, YTO Ieliecoo0pa3Hee MCIONIb30BaTh cTeOeh
MUCKaHTyca JJIsl OJTyueHHs1 0oJiee BBICOKOTO BBIXOJa Liel-
JIFONI036I (W/WIN) TIIFOKO3EL. [I[penMyIecTBeHHOE comepikaHie
IEIUTIONIO3BI B CTEO0IE 3TAKOBBIX KYJIBTYP OIMCAHO JUTST COJIOMBI
MIICHUIBI, OBCa, stumeHs u puca B (Lengyel, Morvay, 1973;
Sun, 2010).

B pesynbrare rHCTOXMMHYECKOTO aHAJIN3a JIMTHUHA BBI-
SIBJICHO, YTO MOCKOJIbKY Cpe3bl ObUIM CEIaHBbI MO 3aBeplie-
HHUM BET€TAllMOHHOTO MEPHO/a, TO MPOIecC JTUTHA(DUKAINT
BBIpa)KEH Hanbollee CHIIBHO BO BCEX TKaHsAX. JlaHHBIE Oosree
paHHEH 3arOTOBKH CBHIPBS (CM. pUC. 2, 8) IMOKAa3bIBAIOT, YTO
OZIPEBECHEHNE COJIOMHHBI HAXOANTCS B HAYaJbHOM CTaluH
B aBrycre. [10CKOIbKY THAPOTEPMUYECKUE YCIOBHUS BereTa-
IMUOHHBIX MECPUOAOB B MYHKTC UHTPOAYKIHNU 3HAYUTCIILHO
BapbHUPYIOT 110 TO[aM, HAMH BIIEPBBIE MPEATIOKEHO IIPH OIIpe-
JIeTICHNY KOHKPETHBIX CPOKOB 3arOTOBKH HA/I3eMHOI Macchl
B Ka4Y€CTBC TCXHOJIOTMYECKOT'O ChIPbs €KEroAHO NPOBOAUTH
THCTOXUMHWYECKNH aHAJIN3 CE30HHOM TMHAMUKH TUTHA(HUKA-
IIMH TIOOETOB BEEpPHUKA.
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3aknioyeHue
W3yuenne xumuueckoro cocrasa M. sacchariflorus, Beipa-
IICHHOTO B KIMMAaTHYeCKuX yciaoBuax CHOMpH, MOKa3aiIo
MEPCICKTHBHOCTD €r0 MUCIONB30BaHUS C [EIBI0 TMOTYYCHUS
IJTFOKO3HOTO CyOcTpara — OCHOBHOTO KOMIIOHEHTa JJOOpOKa-
YECTBCHHBIX IMHTATEIBHBIX CPe Ui OMOCHHTE3a OaKTepH-
AJBHOM [EJUTIONI03BI. DTO MPETIOKEHUE SIBIISICTCS MHHOBAITH-
OHHBIM U UCKJIIOYACT UCIIOJIB30BAHUC MMUIIEBBIX YITICPOAHBIX
HCTOYHHUKOB JIJIsI MUKPOOHOIOTHIECKOTO CHHTE3A.
[TonmyueHHBIC pe3yabTaThl CBUACTEIBCTBYIOT 00 aKTyallb-
HOCTH U3YYCHHUS] OMOCHHTE3a OAKTEPUAIbHOW LIEJTHOI03bI
Ha TUTaTeNBHON cpene u3 M. sacchariflorus — HayKOEMKOTO
WH)KCHCPHOTO PEIICHUS B TEXHOJIOTUN OAKTECPHUATBHOM 11e-
JIFOJIO3BI. MHUCKAHTYC C BOCIIPOM3BOIUMBIM BHICOKUM 3HAYC-
HHUEM COJIep KaHusI IIeJUTION03HI Ha ypoBHE 48—53 % obmamaer
3HAYUTEILHBIM CHIPHEBBIM MTOTCHIIMATIOM ISl TPOU3BOICTBA
OaKkTepraIbHON 1EUTH0I03bI. He0O0X0MMMO IPOBECTH ajlb-
HeHIne uccaeIoBaHus Uil MAaKCUMAJIFHOTO PEIICHUs psiia
KITFOYCBBIX TEXHOJOTUYECKHUX BOMPOCOB. OHU BKITFOUAIOT
pa3paboTKy pEeHTAOCIbHBIX PEKUMOB MPEABAPUTEIBHON
XUMHYECKOH U (pepMEeHTAaTHBHON 00pabOTKK MHCKaHTYyca ¢
BBICOKUM BBIXOJIOM TJIFOKO3BI, TAPaHTHPYIOMIIM S(PPCKTHB-
HOE NMPUMEHEHHUE 3TOM TIIOKO3HOM MUTATEIbHON Cpebl s
CHHTEe3a OaKTepHabHOMN IIeITUTIOIO3EI.
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BiIusiH1e YCI0BUIL BhIpalllMBaHMSI Pa3jIMYHbIX TeHOTUIIOB r'yapa
(Cyamopsis tetragonoloba (L.) Taub.) Ha cBOJicTBa KaMeau CeMSIH
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lanakTomaHHaH (Kamefib) — pacTBOPMMbIV B BOfle MOAMCaxapuf, UCMONb3yeTcAa B KayecTse refieobpasyiollero areHTa B
KMAKOCTAX, B TOM uncne B HedTe- 1 razofobbiBatoLLel MPOMBbILLIEHHOCTY AA M’MAPaBANYeCcKoro paspbiBa nnacta. CambiM
3bPEeKTUBHBIM MCTOYHMKOM STOMO LIEHHOIO PacTUTENTIbHOTO CbiPbA (ryapoBoli Kameaw) ABNATCA ceMeHa ryapa (Cyamopsis
tetragonoloba (L.) Taub.), HoBoW gna Poccuiickoin Oepepaumy CenbCKOX03ANCTBEHHOW KynbTypbl. XOTA 3a NOCNeAHME rofbl
6blN AOCTUTHYTbI OMNpefeneHHble yCrnexy B cenekummn CopToB ryapa, afAanTMpoBaHHbIX K ycnoBuam PO, Bornpoc o Haw-
6onee noaxonALLEM perroHe BO3AeNblBaHNA STOW KyNbTypbl OCTaeTCA OTKPbITbIM. Lienb npoBeAeHHbIX cCnefoBaHNiA 3a-
Krtoyanacb B TOM, YTOObl YCTAHOBUTDL, B KAKOW CTEMEHUN PETVOH 1 TEXHOMOIMA BblpalyuBaHKA ryapa MOryT BAMATb Ha OC-
HOBHble MOKa3aTenn KOHeYHOro LieneBoro NpoayKra — CoAepKaHne 1 BA3KOCTb KaMeu B CeMeHaX PasiMyHbIX reHOTUMNOB
ryapa. [ina peweHua storo Bonpoca B 2017-2018 rr. 66111 NpoBeAeHbl 3KoNoro-reorpaduyeckre ncnbitaHa obpasuos
ryapa konnekumu BUP Ha onbITHbIX CTaHLMAX MHCTUTYTA, KNUMaTUYECKre YCIOBUA KOTOPbIX OTBEYAOT KpUTepmaAM Tenmno-
obecneyeHHOCTV 3TOW KyNnbTypbl. INA CpaBHUTENbHOIO M3yUYeHNA CBONCTB KaMeau B cCeMeHax PassiIMyHbIX reHOTUMOB ryapa
BrepBble NPefIoXeH YCKOPEeHHbIN NabopaTopHbIN METOA MOSTyUYEHMNA BbITAXEK KaMmeay ANA BUCKO3NMETPUYECKOW OLIeHKM.
Pa3paboTaHHbI METOA MO3BOMAET NPOBOANTD YCKOPEHHbIN CKPVHUHI UCXOAHOMO MaTepuana Ans cenekummn cCopTos ryapa,
NepCcrnekTUBHbBIX C TOUKM 3PEHNA NCMOMNb30BaHNA KaMeamn U3 nx ceMsH B HedTea0ObIBaloLLEN NPOMBILLNEHHOCTH. B pe3ynb-
TaTe NabopaTOPHOW OLIEHKMN CofepXKaHNA U BA3KOCTI KaMeau, CoAepKalLlelica B cemeHax 13 o6pasLoB ryapa, o6Hapyxe-
HO, YTO BbIXOA 1 CBONCTBA KameAn OAHOIO 1 TOFO e CopTa CUTbHO BapbMpPYIOT B 3aBMCUMOCTY OT YCIOBUIA NPOU3PpacTaHuA.
SkcneprMeHT 2018 T. Mo BbIpaLLMBaHUIO OQHOTO 1 TOTO e Habopa 13 06pa3uoB Ha Bonrorpagckoii, ActpaxaHckoii, Jare-
cTaHcKom 1 Kyb6aHCKow onbITHbIX cTaHUMAX BUP nokasan, uto MmakcrmanbHble MoKasaTenu yaesbHOWM BA3KOCTH NMOyYeHbl
ana cemaH penpogykummn ActpaxaHckorn OC BUP, rae ryap BblipawmBanca Ha nonuse. C 4pyron CTOPOHbI, MakCMmalibHoe
NPOLIEHTHOE COAepXKaHVe Kameau B ceMeHax y Bcex 06pasLoB ryapa 6b110 3adpUKCMpoBaHO Npu UX BbipaLyMBaHUN B yCII0-
BuAx Bonrorpapckon OC BUP Ha kanenbHOM opoLueHnm. Pe3ynbTaTbl OMOHUTENIbHOMO TECTUPOBaHNA 06pa3LI0B MOPOLL-
KOBOW GpOpMbI r'yapoBoii Kameau, NoslyYeHHOWN 13 CeMAH COPTOB OTEYECTBEHHOW ceneKumm, MO3BOMAIT CAenaTh BbIBOA O
NPUrofHOCTY NPOAYKTa NS UCMONb30BaHUA B KauecTBe reneobpasoBaTens B NpoLeccax MHTeHcudrKauum oobblum HedTun
MEeTOAOM rMApPaBAMYECKOro paspbiBa nnacrta. JaHHbIN ONbIT ABAAETCA yHUKanbHbIM Ana Poccun.

KntoueBble cnoBa: ryap; Kamefb; cofiepaHue 1 BA3KOCTb; METOAMKA OLIEHKN; COPTa; KOOrMyecKmne NCnbiTaHUA; PermoHbl
BblpaLLVBaHuA.

Ana yntnposaHua: KpyunHa-borganos U.B., MupowHnyenko E.B., LLlayxapos P.A., KaHtemnposa E.H., TonosnHa M.A.,
A6pynnaes K.M., banawos A.B., PycunoBa E.B., PycuHos T.I., MoTokuHa E.K. BnnaHve ycnosuin BbipalymBaHna pasimyHbix
reHoTunos ryapa (Cyamopsis tetragonoloba (L.) Taub.) Ha cBoCTBa Kamefy CeMAH. BaBUNOBCKMIN XKypHan reHeTUKN 1 Cenek-
umn. 2019;23(7):941-948. DOI 10.18699/VJ19.570

Impact of growing conditions on the gum properties of different
genotypes of guar (Cyamopsis tetragonoloba (L.) Taub.)
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Galactomannan (gum), a water-soluble polysaccharide, is widely used as a gelling agent in liquids, including in the oil and
gas industry for hydraulic fracturing. The most effective source of this valuable plant material is seeds of guar (Cyamopsis
tetragonoloba (L.) Taub.), a legume crop new for Russia. Although in recent years progress has been made in the selection
of guar varieties adapted to the conditions of the Russian Federation, the question of the most appropriate region for the
cultivation of this crop remains open. The purpose of the study was to investigate how a region and technology of guar
cultivation can affect the main indicators of the final target product: the content and viscosity of guar gum extracted from
the seeds of various guar genotypes. To understand this, ecogeographical tests of 13 guar accessions from the VIR collec-

© KpyuvnHa-borparos U.B., MupowHuyeHrko E.B., LLlayxapos PA., Kantemunposa E.H., TonosuHa M.A., Abagynnaes K.M., bBanawos A.B., PycnHoBa E.B.,
Pycunos I.I, MotokuHa E.K.,, 2019
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Impact of growing conditions on the gum properties of different
genotypes of guar (Cyamopsis tetragonoloba (L.) Taub.)

tion were conducted at the experimental stations of the Vavilov Institute (VIR), where climatic conditions correspond to the
temperature requirements of the crop. To compare the properties of gum extracted from the seeds of various genotypes,
a fast-tracked laboratory method was suggested allowing gum extracts to be obtained for assessing their viscosity. The
method allows fast screening of the breeding material and selecting guar genotypes with beneficial properties of guar
gum which are in demand by the oil industry. Applying the fast laboratory method for assessing the properties of gum
in seeds of 13 guar varieties showed that the content and viscosity of gum of the same variety vary greatly depending
on growing conditions. The same set of 13 guar accessions was grown in 2018 at the Volgograd, Astrakhan, Dagestan
and Kuban VIR experimental stations. As a result, the maximum viscosity values were obtained for the seeds reproduced
at the Astrakhan region, where the guar was grown on irrigated lands. On the other hand, the maximum gum content in
the seeds of all accessions was recorded when they were grown in the Volgograd region. The results showed that the guar
gum extracted from seeds of guar plants grown in the Russian Federation can be used as a gelling agent in the processes
of intensification of oil production by the method of hydraulic fracturing. This experience is new to the Russian Federation.
Key words: Cyamopsis tetragonoloba (L.) Taub.; guar; method for assessing guar gum content and viscosity; guar varieties;
ecological testing; regions of propagation.

For citation: Kruchina-Bogdanov L.V., Miroshnichenko E.V., Shaukharov R.A., Kantemirova E.N., Golovina M.A., Abdullaev K.M.,
Balashov A.V., Rusinova E.V., Rusinov P.G., Potokina E.K. Impact of growing conditions on the gum properties of different
genotypes of guar (Cyamopsis tetragonoloba (L.) Taub.). Vavilovskii Zhurnal Genetiki i Selektsii =Vavilov Journal of Genetics

and Breeding. 2019;23(7):941-948. DOI 10.18699/VJ19.570 (in Russian)

BBepeHune

Cemena ryapa (Cyamopsis tetragonoloba (L.) Taub.), HO-
BoM s Poccuiickoit @enepaunu celibCKOX03CTBEHHOM
KyJIBTYPBI, SBISIFOTCSI NCTOYHUKOM LIEHHOTO PacTHUTEIHEHOTO
CBIpbsl — TyapoBoi kameau. [lociennsis npeacTapisieT co0oi
TMOJIMCaxapu/l rajJakTOMaHHaH, CIIOCOOHBIH 3HAYUTEIHHO yBe-
JIMYMBATh BI3KOCTh BOJHOTO PACTBOPA, JIaXKE B MAJIBIX KOHIICH-
Tpaiusx. [‘arakToMaHHaH, HapsIy C IIEJUTION030H, Kpaxma-
JIOM, KCHJIOTJIFOKAHOM, KCAHTaHOBOW KaMeJlblo, IEKCTPaHOM,
OTHOCHTCSI K DKOHOMHYECKH HanOojiee BOCTPEOOBAHHBIM
nonucaxapugaaMm. OH COAEPXKHUTCS B DHJIOCIIEPME MHOTHX
paCTeHHﬁ, 1 XOTs B KAY€CTBC BO3MOKHOI'O NICTOYHHUKA ITOJTY-
YEHHSI HTOTO BEIIECTBA PACCMATPUBAIOTCS] HECKOIBKO BHJIOB,
JUIS1 TPOMBIIIIJICHHOTO TIOJTyYEeHUS PACTUTEIILHOW KaMe ! Mc-
TIOJIL3YIOT TOJIBKO TPH BUa 6000BBIX — T'yap, pOKKOBOE Jiepe-
BO (Ceratonia siliqua L.) 1 1e3aIbIIMHAS KOJTIOYAs, FUTH Tapa
(Caesalpinia spinosa (Molina) Kuntze) (Thombare et al.,
2016). Ilpu sTOM ryapoBasi Kame[b J0ObIBaeTCsl Handolee
MIPOCTBIM U JIETIEBBIM CIIOCOOOM, UTO BBI3BIBACT MOBBIIICH-
HBII MHTEpEC K I'yapy KaK CelIbCKOXO3IHCTBEHHOM KyIbType
(McArdle et al., 2011).

I'yap oTHOCHTCA K pemkoil rpymme 000OBBIX pacTEeHUH,
ceMeHa KOTOPBIX COAEpIKaT SHI0CIIEPM U JIUIICHBI KPYITHBIX
ceMsIJIoNeH, TPUCYIINX OOJIBIIMHCTBY 36pHOOOOOBBIX KYIlb-
Typ (Hanson, 2015). B kJIeTOYHBIX CTEHKAX YHIOCTIEpPMA T'ya-
pa, a Tak)Ke B MEXKKJICTOYHOM IIPOCTPAHCTBE 3TOH 3aracaro-
LIEH TKAHU KOHLIEHTPUPYIOTCS BKIIIOYEHMs T'aJlaKTOMaHHa-
Ha, KOTOPBIN CITYKUT JUIS MUTAHKs Pa3BUBAIOIIETOCS pacTe-
Hust. VIcTionb3yIoTes Bce 4acTh CeMEHH ryapa, M IojlydaeMoe
13 HUX CBIPbE UMEET crelr(Uueckoe Ha3BaHHe: CeMEHHasI KO-
Kypa (churi) mokprIBaeT JBE MOJOBUHKH SHIOCTIEPMa CEMEHH
ryapa (splits), B KiIeTKax KOTOpPOTO 3aracaeTcst raJakToMaH-
HaH. DHJIOCTIEPM, B CBOIO 0Yepelb, CKPBIBAET MO/ COOO0M /B
cemsionu ¢ 3apozpimeM (korma).

TexHOMOrUs TOMYYEHUs! TIOPOIIKOBOI KaMeIu M3 CeMsTH
ryapa siBJIsIeTCA HOy-Xay Pasiu4HbIX KOMMEPUECKUX IPOU3-
BOACTB. OOmIast cXeMa 3TOTO MPOIIecca CBOAUTCS K HECKOIb-
KMM dTaliaM: CEMEeHa pas3JielIsioT Ha JIBe MOJOBHHKH (split),
MO/ICYUIMBAIOT UX MPHU BBICOKOM TemIiepaType, Mocie 4ero
CEMSIJIONNU C 3apOABIIIEM OTACNSIOTCA OT 3HAocnepma. Ot-
JICTICHHBIE JIOJIM 9HJ/I0CTIEpMa HarpeBaroT, B Pe3yibTaTe Yero
CeMEeHHasl KOXKypa pa3Msirdaercsi U 3aTeM OTHENSeTCs OT

9HJIOCTIEPMA C MOMOIIBIO PA3IHYHBIX YCTPOICTB — MEXaHH-
YECKHX MITM(OBATBHBIX MAIINH, MAPOBBIX U UCTHPAIOLINX
MenpHHL. Kak Toibpko sHmocrnepM 0CBOOOXKICH OT APYTHX
TKaHEH CEMEHHM, €ro pa3MalibIBalOT B MYKY, U3 KOTOpOil ra-
JIAKTOMaHHaH YKCTPArupyIOT U HECKOJIBKO Pa3 Mepeocaxkia-
10T 3TAHOJIOM, a 3aTeM BBICYIIMBAIOT. [10oIy4eHHbI TakuM
00pa3zoM MPOJYKT — ryapoBasi KaMezb — PEICTaBIsIeT CO00it
OTHOPOJIHBIN MTOPOIIIOK OETOTO IIBETA, TOXOXKHUH IO TEKCTYpe
Ha MIICHUYHYI0 MyKy. OCHOBHBIE ITOKa3aTeIN KauyecTBa Mo-
POIIKOBOM KaMe/1 — pa3Mep YacTHIl U BA3KOCTh BOJHOTO pac-
TBOPA, IPUYEM JUIS OLIEHKH TTOCIIETHEH O0BITHO HCTIONB3YIOT
Brucko3uMeTp bpykpmibaa (Abidi et al., 2015). Yposens
BSA3KOCTH CBSI3aH C KOHIIGHTPALMEHl U MOJIEKYISIPHO-Macco-
BBIM pacIipesieieHneM (Ppakiuy TalakTOMaHHaHa, KOTOPBIE
MOT'YT CHJIBHO BapbHpOBaTh B 3aBUCUMOCTH OT COpTa M yc-
noBuii BeIpanuBanus pactenuid ryapa (Ellis et al., 2001).
OTcrona ciieyert, YTo MPaBWIBHBIA TOI00p PErHOHOB U yC-
JIOBUHM BO3JEJBIBAHUS TOW KyJIbTypbl Ha Tepputopuu PO
SIBJISIETCSI TAKUM YK€ BaXKHBIM (DAKTOPOM JIJISl €10 YCIELIHON
MHTPOLYKINH, KaK U BBIBE/ICHNE HOBBIX COPTOB.

Bo Bcex pernonax PO ocHOBHOM TUMHUTHPYIOMIAH (aKTOP
JUIsl KyJIBTYpBI T'yapa — 3T0 cyMMa 3 ()EeKTUBHBIX TEMIIEPATyp
3a IepuoJ BereTanuu. M3 pe3ynpraros aHan3a TeMIeparyp-
HBIX W BII&)KHOCTHBIX ITapaMETPOB arpoOKINMaTHIECKUX 30H
P® cnemnyert, uTo AN BBIPALIMBAHUS T'yapa Ha TEPPUTOPUU
P® nopxonur psin paitonoB Kpbsima, KpacHomapckoro kpas,
Jarecrana, CtaBponosnbsckoro kpas, PoctoBckoii o0nactu 1
Hwxuero [ToBomxkssi, rae cymma apheKkTHBHBIX TeMIieparyp
Bo3xyxa >10 °C coctapmser e meHee 3400-3500 °C (Jlebenp
u 1p., 2017).

Xota B Poccuu cenekuus ryapa Hadyajiach CPaBHUTEIBHO
HenaBHoO, B 2018 . B [ocymapcTBeHHOM peecTpe CeIeKIHOH-
HBIX JOCTI)KEHUH YrKe OBLIO 3apErHCTPUPOBAHO IISITh COPTOB,
JIOMYIIEHHBIX K BO3/1€IbIBAaHUIO Ha Tepputopun PO. OnHako
BOIIPOC O HANOOJIEE MOAXOAAIIEM PETHOHE BO3IEIBIBAHUS 3TOM
KYJIBTYPBI OCTa€TCsI OTKPBITHIM, B TOM YHCJIE N3-32 OTCYTCTBUS
nH(pOpMAaLK O Ka4eCTBE I'yapoBOW KaMeu, oIy4yaeMon 13
CeMSTH pa3HOH reorpaduyueckoit penpoaykuuu. s perrenus
aroii 3aaaun B BUP um. H.W. Basunosa B 2017-2018 rr. mpo-
BOJIMJIMCH JKOJIOTO-TeorpauecKie UCIbITaHusI 00pasLoB
KOJIJIEKIINU Tyapa Ha ONBITHBIX CTAHIMAX, KIMMaTH4eCKHe
YCIIOBUSI KOTOPBIX OTBEUAIOT KPUTEPHSIM TEII00OecHeyeH-
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HOCTH KYJBTYpBL. Llesib HCIbITaHUN COCTOSIIA IIPEXKIE BCETO
B TOM, YTOOBI yCTAaHOBHTH, B KAKOW CTETIEHHU PETHOH M TEXHO-
JIOTHs1 BBIPAIIBAHUS MOTYT BIIMSATh HA OCHOBHBIE OKA3aTEIH
KOHEYHOTO II€JIEBOI0 MPOIYKTa — COJEp’KaHUE U BSI3KOCTh
KaMeJli B CEMEHaX Pa3JIMYHBIX TEHOTHIIOB I'yapa.

B Hacrosiiee Bpems He CyIIeCTBYET €ANHOTO OOIIENPHHS-
TOTO CTAHJIAPTHOTO WM apOUTPaKHOTO METOJa HENOoCpe-
CTBEHHOH OLIEHKH INEPCIEKTUBHOCTH CEMSH PA3JINYHBIX Te-
HOTUIIOB I'yapa KaK ChIPbs JUIsl IOJy4EHHs KaMeau TOH Wiu
WHOI 33/1aHHOH BsI3KOCTH. B0 Bcex ory0irkoBaHHbBIX paboTax
OITHCaHBI [IBa HE3aBUCHUMBIX ITporecca: 1) BbIIEIEHNE U OIHCT-
Ka KaMeJI1 N3 CEMSTH JIJTsl OIIEHKH BBIX0/1a TIOCIIeJHEH 1 2) rpu-
TOTOBJIGHHE PACTBOpA MOIY4YEHHOW KaMeau ¢ U3MEpeHHEM
yaensHOH Bsi3kocTH (Cerqueira et al., 2009; Eldirany et al.,
2015). DT METOMKY, KaK MPaBHJIO, BBITTOIHIIOTCS pa3HBIMU
MCIIOJIHUTEIISIMH U pa3/ieiCHbl BO BpeMeHH. B Hareli padote
BIIEPBBIE MPETI0KEH METOJT OLIEHKH Ka4eCTBA CEMSH Ir'yapa 10
MOKA3aTelsIM KaK BBIXO/A, TaK U yAEIbHO! BA3KOCTH KaMeau
B OJIHY 9KCIPECC-CTAANIO, YTO OTKPHIBAET BOZMOXKHOCTH IS
OOIIMPHOTO CKPUHUHTA COPTOB KOMIAKTHBIMH JOCTYTTHBIMHU
CpeaCcTBaMH.

MaTepman n metoabl

B skonoro-reorpaguueckoe u3yueHne ObUTH BKIIIOUCHBI 00-
pasiibl, NEePCHEKTUBHbBIE C TOYKU 3PEHUS MX XO3SHCTBEHHO
LIEHHBIX XapaKTEePUCTHUK IO Pe3yabTaTaM IIEPBUIHON OLIEHKH
o6pasioB koyutekuun B Kybanckom ¢uimane BUP B 2017 .
B 2018 r. Bo Bce reorpaduueckue MyHKTbl U3y4YEHUs ObLI
OTITPaBJICH OAWH M TOT k€ HaOOp 00pasloB eAWHON pempo-
nyknu Ky6arckoro ¢unmana BUP ¢ unciom cemsiH, nocta-
TOYHBIM JUI M3y4eHus Ha miomanu 10 m2 (tabm. 1).

OmnpenesieHne coiep:kaHus 1 BA3KOCTH KaMeaH U3 ce-
MSIH ryapa. MaccoBblil CKPUHHHT ITPOBOAMIIN COTJIACHO
JKCIPECC-METOANKE JIAOOPATOPHOI OLIEHKH COAEPKaHMS U
BS3KOCTH KaMeH B ceMeHax ryapa. CpeaHrioio mpody CeMsH,
0ToOpaHHyo B konuuecTse 2.0 T (TouHast HaBeCKa) TIOMeIIalTH
B IIMPOKUIA TaGOPATOPHBIN CTAKaH BMECTUMOCTBIO 150 cm3.
CeMeHa B cTakaHe 3aiauBain 15 cv3 JUCTUIUIMPOBAHHOM BOZIBI
1 TIOMEIIAIN B aBTOKJIaB. Pa3BapuBaHue OCyIIECTBIISUIN Iy-
TEM BbIIEP’KUBAHUS 3aMOYEHHBIX CeMsH B TeueHue 30 MHUH
npu Temmeparype 121 °C.

[ocne oTnenenust 3aMOYHON BO/IBI pa3BapeHHBIC CEMEHA
HOMEIAIM B XUMHYECKHH cTakaH ¢ 50 cM® qucTuimpo-
BaHHOW BOZBI U MEPEMENINBATN HA MAarHUTHOI MeIIaJke B
TeyeHue 2 4 Mnpu KOMHaATHOW Temmeparype. [lomydeHHbIi
3KCTPAKT OTAENSUIH HenTpudyruposanuem npu 7000 mun!
B Teuenue 15 munH. OTAETCHHBI 0CcaJOK TTOBTOPHO AKCTpa-
rupoBaiay B 50 ¢M3 IMCTUIIIMPOBAHHON BOJIBI HA MATHUTHOM
Mellajike B TeueHue 1 4 mpu koMmHaTHOU Temmeparype. [1po-
Heaypy UEHTPU(DYTHPOBAHUS 1 SKCTPAKIIUHU TOBTOPSIIN €IIe
OJIMH pa3, MPUYEM OCBETIICHHBIE PACTBOPHI MOCIE HEHTPHU-
(yrupoBaHusi 00BEIMHSIN, NONTyYasi KOHEYHBIH 00bEM JKC-
tpakTa 140-160 cm>. TIpr MOMOIIM MEPHOTO NWJIHHAPA H3-
MEpSUTH MTOTYYEHHBIH KOHEUHBIH 00BbEM 3KCTPAKTa KaMEIH C
TOYHOCTHIO 1 MII.

JIMHaMHUYeCKyI0 BSI3KOCTH ITOJIy4EHHOTO OCBETIEHHOTO
pacTBOpa M3MEpsUIM MPH KOMHATHOW TeMIieparype Ha po-
TallMOHHOM BUCKo3uMeTpe bpykdunbaa. Mcnonbzyemblit
mmuHAeTs — L2, ckopocTs Bpamenus 100 vun . Benmmauny
BSI3KOCTH PErUCTpUpOBaNN B TeueHne 40 MUH, oTMedas Ha-
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BnusiHve ycnoBuid BbipalyuBaHua pasnnyHbiX reHOTWMNOB ryapa
(Cyamopsis tetragonoloba (L.) Taub.) Ha cBoCTBa Kamefmn ceMsH

Ta6bnuua 1. Cnrcok ob6pasLioB ryapa konnekuuun BAP,
YYacTBYIOLMNX B SKONOTMYECKUX UCMbITaHNAX 2018 T.

°  Homep OTKyAa nosyyeH
n/n B KaTanore HassaHne
BUP maTepuan

1 ......... 52568 ........... Ap,-EHTMHaBesHamaHm ....................
2 ........ 52569naKMCTaH563Ha3BaHm ....................
3 ........ 52571KprM5esHa3BaHm ....................
4 52572 Kpacomapckwikpah Basmnosckwi130
5 ........ 52573 ........... »Ky6aHCK,,,,,, .........................
6 ........ 52574 .......... »BEKTOP ...............................
7 ........ 52 5 75 ........... » ....................................... C,,,Hyc .................................
8 52580  Pocrosckasobnactb  beswaseamn
9 ........ 52581 ........... »5e3Ha3BaHm ....................
10 ...... 52584 .......... CLUAsantacruz .........................
11 ...... 52585 ........... »Kmman ...............................
]2 ...... 52586 ........... »LerS ..................................
13 52742 KpacHomapckwi kpain KyGaHcKmi oGuneiiHbii

YaJbHOE ¥ KOHEYHOE 3Ha4YeHHe. B pacTBope nocie m3mepenust
BS3KOCTH OIPE/EIISIN KOHIIEHTPALUIO «ChIPOH KaMe i Kak
cozepkanue cyxux BemecTB cormacHo ['OCT 33977-2016.
3a OKOHYATENBHBIH Pe3yabTaT NPUHUMAIN 3HAYCHUS BSI3-
KOCTU B KOHILe u3MepeHui. [Io u3MepeHHbIM 3HAYEHUIM
BSI3KOCTH 1 KOHIIEHTPALIX KaMe/T{ PACCUNTHIBAJIN ITOKA3aTelb
MIPUBEICHHON BS3KOCTH:
=My
o~ Tz
7€ 1M U 7, — BA3KOCTb PacTBOPa KAMEIU M PACTBOPHTENS,
mlla-c, coorBeTcTBEHHO (A7 BoAkL M, = 1 Mlla-c); ¢ — koH-
LIEHTpaLMs KaMean B 9KCTpaKTe, %o.

Cozneprkanne kamenu B 3epHe (B %) pacCUnTHIBAIN Kak
OTHOIIICHHE KOJINYECTBA KaMe/H, MEepeIleero B pacTBop,
K UCXOJTHOM Macce CeMsH:

— C.Z . V’

IJe p — MJIOTHOCTh 3KCTPaKTa KaMenu (IpHU KOHIECHTPauu
kamenu meree 0.6 % crnemyer npunsth p = 1 r/em?); V — us-
MEPEHHBIH KOHEUHBIN 00BEM DKCTPAKTa KAMEIHU, CM>; @ — Ha-
BECKa CeMsH, B3ATasl I SKCTPAKIIH, T.

W3ydeHne mpOU3BOACTBEHHBIX CBOMCTB 00pasIoB ITO-
POIIKOBOM T'yapOBOH KaMe/u, BKIIIoUasi CTaOMIIBHOCTD U Ta-
pameTpsl paboThl B KauecTBE rejaeodpa3zoBarens U SKU-
KOCTH THPOpa3pblBa IUIACTa, MPOBOIMIN B JabopaTopuu
000 «HUKA-ITerporak». Mcnonp3oBanyu o0mEnpHHSTHII
B He(Te100bIBAOIICH TIPOMBIIIIIEHHOCTH METO/I U3MEPEHUsI
BsizkocTH 0.48 % pacTBopa ryapa. ITOT pacTBOp OOBIYHO Ha-
3b1BatoT «reseM 40 pyHTOBY, Tak Kak oH cofepkut 40 GyHTOB
ryapa, cMmemanHoro ¢ 1000 ramioHOB BoAbI M IpU 060poTax
nmuaaens 511 ¢! gaer Bazkocts 30-45 mlla-c, B 3aBUCUMO-
CTH OT KauecTBa ryapoBoii kamenu (Abidi et al., 2015).

CratucTndeckyro o0paboTKy JaHHBIX NMPOBOAUIH C HC-
MOJIb30BaHUEM TIPOTpaMMEI Statistica 12.
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Pe3ynbratbl

Skonoro-reorpaduryeckrie NoceBbl

o6pasuoB ryapa B punuanax BUP

Wcnerranus emuaoro Hadopa 13 o6pas3iios ryapa (cm. Taom. 1)
nposoauiick B 2018 . B yerbipex ¢unmanax BUP: na Ky-
6anckoii omertHOU cranimu (OC) (moc. boranmka, ['yiabke-
Buyckuil paifon KpacHonapckoro kpast), Actpaxanckoit OC
(r. Actpaxann), Bonrorpaackoit OC (r. Bonrorpan), [lare-
cranckoit OC (r. lep6ent). OcoOEHHOCTH arpOKINMATH-
YECKHMX YCJIOBHH ITHUX YETBIPEX reorpaduyeckux IyHKTOB
MMPUBCIACHBI HUXKEC.

Ky6anckas OC. IloceB ObIT IPOM3BEICH B ITOCIETHEH
nekane mas. OporieHne He IpUMeHsIock. B nmepros Bexo-
JI0B 1 fasee ¢ 28 mas mo 26 urons HaOMIoAaIiuch aHOMAIbHO
BBICOKHE TeMmepaTypsl Bo3ayxa — ot 30 mo 37.6 °C, npu
TIOJTHOM OTCYTCTBHH OCa/IKOB U CHIILHBIX CYXOBESIX, KOTOpBIE
MIPUBEIN K UCCYIIECHHIO TOYBEHHOTO TOPU30HTA HA IITyOHHY
20-25 cm. Temmepatypa mouBsl Ha TryouHe 20 ¢M B IepBoOi
nekaje utoHs coctaBuia 21.8 °C, Bo Bropoit — 23.8 °C, BbI-
3BaB PaCTPECKHBAHHUE MOYBEHHOTO MMAaXOTHOTO TOPH30HTA C
MIIPOKUMH paciiennHamMu (10 2—5 cm) Ha TiryouHy 50—60 cM.
Takne mokasarenu UMEIOT OTKJIOHEHHE OT CPEJHUX MHOTO-
JICTHUX OaHHBIX C MEPUOAUYHOCTBIO ITOBTOPCHUA OAUH pa3
B 15-20 ner u cuuraroTcsi aHOMaJIbHBIMU JJIs1 IPOBEICHUS
TIOCEBOB KYJIBTYpPHI I'yapa.

Jarectanckass OC. B moyBeHHO-KITUMAaTUYECKHUX YCITO-
Busix Jlarectanckoit OC (momycyxue cyotponuku) B 2018 1.
ryap BBIpAIMBAJICS BIIEPBBIE. MICIIOMBb30BaICS MONUB (110N B-
HbIe 60po3161). J{0 a3sl co3peBaHus pacTCHNUS Pa3BUBAINCH
OBICTPO U APY’KHO, OJTHAKO B CEPEIANHE aBTyCTa BHIAN CHIIb-
HBIE OCAJIKH, MIOCJIE YEeTO y pacTeHNH, HaXoasmuxcs B daze
Havaja CO3peBaHUsI HWKHUX 0000B, ObUIO 3a(hMKCHPOBAHO
MopakeHHe aJbTePHAPHUO30M, KOTOPOE K CEHTIOPIO TIepepoc-
710 B anuuToTHIO (4—5 OAITOB MOpAXKEHHS 10 5-0ayuTbHOM
IKasue). ITo OTPUIATEIHHO CKa3all0Ch Ha BCEX MOKA3aTENsIX
YPOKaMHOCTH.

Boarorpaackas OC. Knumar Hmwknero [loBomxkbsi, rae
pacrionaraercsi OmbITHAsI CTAHIIMS, — PE3KO KOHTHHEHTAaJb-
HBIA. BecHa cyxas, ¢ OBICTPBIM HapaCTaHUEM THEBHBIX TEM-
reparyp M 4acTbIMu BeTpamu. JleTo cyxoe 3HoiiHOE (Temrie-
parypa Bozmyxa Oomnee 40 °C), mpakTHuecku 06e3 OCaaKOB.
B Teuenme Bcero meprona BETeTally Tyapa MUCIIONB30BAN
cucTeMy KareJabHOro opomenusi. CeMeHa ryapa BbICEBANIH B
cepeMHe Mast B XOPOLIO IMPOTPETYIO MOUBY, IPEABAPUTEILHO
mposuB 60po3aKku Bogoi. [mybmHa 3anenku 2—3 cMm. B koHIe
Masi—HadaJie MIOHS HaOJI0AaI0Ch PE3KOe IMTOXO0JI0/1aHNe, KOTO-
pOe OTPHILIATENBHO CKa3aJ0Ch HA Pa3BUTUH T'yapa (pacTeHus
MOKeNTeNH, OBITH YacTHYHBIC BHIMIAABI). TeM He MeHee B
JlaNTbHEHIIEM, TIPH JIOBOJIBHO 3aCYIIIMBOH MOTO/IE, BBICOKOH
TeMIIepaType BO3/1yXa 1 KareJIbHOM IOJIMBE PACTEHHS BBIPOC-
JI MOIIHBIE ¥ BeTBUCTHIC (10 123 cMm). B mepuox Bererarmm
ryapa BeJId MOHHTOPHHT Ha 3aCEJICHHOCTh PACTEHHUH TIeH U
aJIbTepPHApUO3 — OBIIO OTMEUEHO JIMIIb HE3HAYUTEIBHOE 1O~
pakeHHe eIMHUIHBIX PACTCHUH.

Actpaxanckas OC pacnonoxeHa B 10KHOH yacTu AcTpa-
XaHCKOH oOmacTu B nensre p. Bonrn. Knuvat Actpaxanckoit
oOmacTi — caMblif 3aCyIUTMBRIA Ha Tepputopuu Poccun, B
LIEJIOM XapaKTEepPHU3yeTCst KaK PE3KO KOHTUHEHTAIbHBIH. Cpok
rocesa — repsas Jekaja mas. [loceB ObUI IPOM3BEICH B HO-
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JIUBHYIO 0OPO311y, CEMeHA 3a/e/IbIBAJIM BO BJIAXKHYIO TTOUYBY
0 TIEHTPY OOpO3/IBI, BPYUHYIO. B 11ensiX coxpaHeHHs BIaru
Y TIPEIOTBPAIICHUS TTOSBICHHS IOYBEHHOM KOPKH OBLIO TIPO-
BEJICHO py4yHOe OOPOHOBAaHME PSJIKOB HA 5—0-if JIeHb rmocie
nocesa. B nanbHeileM yxox 3a IOCEBaMM 3aKJodalcs B
CBOCBPEMCHHBIX PYYHBIX MPOMOIKAX, MEXKIYPSIHBIX KYyIb-
TUBALUAX U ITOJIUBE HyTeM KalieJIbHOI'o OpOHJeHI/lH.

YcKkopeHHasA nabopaTopHas oLeHKa cofepaHuns

1 BA3KOCTM KaMef B CEMeHax ryapa

C menbio0 MaccoBOTO CKPHHUHTA MCXOAHOTO Marepuana ajst
CEJICKIIMH Tyapa Ha COZIep)KaHUE U KaueCTBO KaMEIN HaMH ObLT
MPE/UIOKEH YCKOPEHHBIN JIAOOPATOPHBIH METOJI TTOJYYEHUsI
BBITSDKEK KaMeIU U3 CEMSTH I'yapa ISl BUCKO3UMETPUIECKOH
OLICHKH 0e3 BBIZIEIICHHSI CaMOW KaMe/in B uicToM Bujie. Paspa-
0OTaHHBIN METOJ] OCHOBAH Ha SKCTPAKI[MU KAME/TH 13 IIPE/Ba-
PUTEIBHO Pa3BapEHHBIX CEMSIH I'yapa. YCIOBHS pa3BapUBAHUS
(120 °C, 30 Mun) 6bUTM TOTOOPAHBI FIKCTIEPUMEHTAIIBHO TaK,
4TOOBI 00ECIEYNTh JI0CTATOYHOE Ha0yXaHHUE ITOJIHCAXaPUIOB
SHIOCTIEpMA IS TTIEPPOPALIIH 000IOUKH CEMSH, HO TIPH ATOM
MIPEIOTBPATUTh MOTEPH KaME/IN N3-3a PACTBOPEHHMS B 3aMOU-
Hoii Bozie. Takum 00pa3oM, BMECTO MHOTOYACOBOM 3aMOUKH
CeMSH C TIperapupoBaHueM u cynrkoit sagocrepma (Eldirany
et al., 2015) Bcst mpouetypa ykiaasBaercst B 6 4, BKJIIOUast
M3MEPEHHUE BI3KOCTH M PAcUeT COJlepIKaHHsI CyXUX BEIIECTB.

Bs3kocTh NOIy4E€HHOTO SKCTPAKTA ¢ KOHLEHTPALMEN CyXHX
BemecTs 0.35-0.55 % n3MepstoT Mpy NOMOIIY POTALHOHHOTO
BUCKO3UMETPA. VI3MEpEHHYIO BEJINYUHY [IPUBOAST K KOHLIEH-
TPALMH CyXHUX BEIIECTB 3KCTPAKTA, MOTyyas 3HAUYCHUE TIPH-
BE/ICHHOW y#eiabHON Bsi3kOCTH. OTpeNeNIeHHI0 He MEMIAloT
JIpyrue pacTBOPUMBIE B BOJE KOMIIOHEHTHI CEMSH I'yapa.

OOmenpuHsTas OIEHKA BS3KOCTH PACTBOPOB T'yapOBOU
KaMe/IH TIPEIIoiaracT NCII0Ib30BaHUE POTAMOHHON BHCKO-
3UMETPUH NpU KOHLEHTpanuax kamenu okono 0.5 % (cm.
FAO JECFA Monographs 5, 2008). Baaroe ms ananmsa Ko-
myectBo ceMsH (2.0 T) U3 pacuera conepKaHus KaMeau B
cemenax ot 30 1o 50 % u koHeuHOro oObeMa IKCTpaKTa
150-200 cM3 m03BONAET 0GECTIEYNTH KOHIIEHTPAIIUIO KAMEH
B BOJJHOH BBITSIKKE Ha ypOBHE UCKOMBIX 0.5 %.

JlocTynHOCTB NoNMcaxapu0B SHI0CIIEpMa ISl SKCTPAK-
UM OTIPENeNsieTCsl MOJHOTON MX Tuaparanuu. M3 IaHHBIX
JUTEPaTypbl U3BECTHO, UTO JUISl THAPATHPYIOIIei 00paboTKH
ceMsiH TpeOyeTcst 3aMoUKa IMPOIODKUTEILHOCTBIO IPUMEPHO
16 g (Eldirany et al., 2015). B xome mocTaHOBKH METOTUKH
HaMH SKCTIEPUMEHTAIILHO YCTAHOBIICHO, YTO CTETICHb THJIpa-
TaIMK ceMsiH (110 00beMY M OCTAaTOYHO TBEPIOCTH HaOyXIIeH
(a3pl), COOTBETCTBYIOmAs 16 9 3aMOYKM NPU KOMHATHOU
TeMIIepaType, MOKET ObITh JIOCTUTHYTA 32 2 9 KUIISTICHHS IPH
arMmocdepHom naBnennu win 3a 30 muH Bapku nipu 121 °C.

Bbeixon monmcaxapruaoB KaMeIu B pacTBOP OLIEHUBAIHN TI0
N3MEHEHHIO BSI3KOCTH SKCTPAKTA B 3aBUCUMOCTH OT POIOJI-
JKUTEIBbHOCTH SKCTpakuuu (puc. 1).

HailineHHble SKCIEPUMEHTAIBHO YCIOBUS IKCTPAKLUU
(Tpu nmkia 3a 4 4) o0ecrieunBaoT BBIXO/ KaMeIu HEe MEHee
95 % oT onpeneneHHOro BECOBBIM METOIOM ITOCIIE penapH-
POBaHHUS CEMSH U TO3BOJIAIOT BBIIIOJIHUTE BCIO MPOLELYPY
aHaJIM3a, BKJIIOYAs pa3BapuBaHKUE M U3MEPEHHUE BA3KOCTH, 3a
6 4. Macca kaMe/Ti B OUHUIICHHOM [ICHTPU(YTHPOBAHUEM Pac-
TBOpE cocTasisieT He MeHee 90-95 % oT comepkaHus CyxXux
BEIIECTB, YTO ITO3BOJIIET € I0OCTATOYHOM /TS AKCIIPECC-METo/Ia
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Puc. 1. KuHeTrka nsameHeHma BA3KOCTU (n) Tpex nocnenoBaTesibHbIX Bbl-
TSXKEK U3 pa3BapeHHbIX CEMsIH ryapa.

TOYHOCTBIO IIPUPABHSTH €€ COJEPIKAHKE B BBHITSDKKE K 00IIEMY
COZIEPKAHUIO CyXHX BEIECTB.

[Ipennaraemast METOIMKA JTa€T BO3MOXKHOCTD I10 JIAHHBIM
ABYX 1/13MepeH14171 — BA3KOCTH U COACPIKAHUA CYyXUX BCUICCTB
B 9KCTPAKTE — MPU N3BECTHON Macce 00pasla, B3ATOro A
aHaJM3a, ¥ 00bEeMe MOIYYEHHOTO KCTPAKTa PACCUUTATH JIBA
MOKa3aTelisi CEMsIH: COIePIKAHNE KaMei U €€ IIPHUBEICHHYIO
yaensHyIo Bsi3kocTh. [locmennuii mokasarens Oe3pa3mepes,
TIPH €TO PacueTe YUNTHIBACTCS KOHLICHTPALNS CyXHX BEIICCTB
B OKCTpaKTe, TUHAMHYECKas BSI3KOCTh KOTOPOI'O U3MEPSIeTCsI
poTaroHHBIM BHcKo3uMeTpoM (B cll mimm mlla-c), aTo mo3-
BOJISIET CBECTH B €AMHYIO IIKAITY JUIsl CPAaBHUTEIILHOHN OIIEHKH
JaHHbIC HCU3BCCTHBIX O6p8.3110B C pa3JIMYHBIM COJACPKAHUEM
HMCKOMOM KaMe1 ¥, COOTBETCTBEHHO, Pa3JIMUHON €€ KOHLIEH-
Tpalye B MoJTy4aeMbIX SKCTPaKTax.

B xadecrtBe ouenku 3p(HeKTHBHOCTH METOAA Ul COPTOB
Kybanckuit u KybGanckuii roOnneiHbIi Obls1a IpoBeaeHA
OLICHKA BSI3KOCTH KaMEIH TPAJANIIMOHHBIM CIIOCOOOM, TToCTe
BbIJICJICHHS] OYHUIIEHHOTO CYXOro Iperapara HOCIIeIHEH.
Pe3ynbrarel coBIany ¢ MONY4YEHHBIMH I10 MpeJiaraeMoi
aBTOpaMM METOJIUKE B Tpe/esiax METPOJIOrnIeCKOi OTHOCH-
TeNnbHOM nmorpemHocT £10 %, 94T0 MOXKET CITy>KUTh BECKUM
JIOBOZIOM JUTSl BHEZIPEHUSI 3KCIIPECC-METO/IA B TIOBCEAHEBHYIO
71a00paTOPHYIO IPAKTUKY.

MokasaTenn Kamean B cemeHax ryapa, BbipalleHHOro

B Pas/INUHbIX SKONoro-reorpadpnyeckmx ycnoBumax
Pa3paboranHasi MeTOMKA OLIEHKH COJEPIKAHHS U BS3KOCTH
BBITSDKEK KaMEM U3 CEMSTH T'yapa M03BOJIMIIA TIPOBECTH aHa-
13 13 06pa3uoB, BEIPAIICHHBIX B YETHIPEX reorpamuecKux
MYHKTaX SKOJIOTMYECKHUX ucnblTaHuid. CpeiHee MporeHTHOe
coJepKaHNEe KaMeJIu B CEMEHAX HCIHBITYEMBIX 00pa3IoB
BapsupoBaio ot 35.4 % (Kybaunckas OC) no 40.7 % (Bon-
rorpazckas OC). ITo pe3ynbraramMm NPUMEHEHHOTO KPUTEPHS
CreionenTa (#-test for dependent samples), cemena ryapa,
BBIpallleHHbIE B yclIoBHAX Bonrorpaackoit OC, conepxanu
JIOCTOBEPHO OOJIBIIIE KAMEJ! 110 CPABHEHUIO C CEMEHAMHU, BbI-
pameHHBIME Ha AcTpaxaHckoil (p < 0.008), /larecTanckoit
(p <0.011) u Ky6anckoii (p < 0.009) onbITHBIX CTaHIHMAX
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BnusiHve ycnoBuid BbipalyuBaHua pasnnyHbiX reHOTWMNOB ryapa
(Cyamopsis tetragonoloba (L.) Taub.) Ha cBoCTBa Kamefmn ceMsH
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Puc. 2. CpaBHeHne cpefHuNX MokasaTenen NPOLEHTHOrO COAepXKaHuA
Kamegu (a) u yaenbHol (MprBefeHHON) BA3KOCTY BbITXKeK Kameau (6) B
cemeHax 13 06pa3sLoB ryapa, BbipalleHHbIx Ha Bonrorpagckoti (1), Actpa-
XaHcKon (2), larectaHckol (3) n KybaHckol (4) onbITHbIX cTaHuuax BUP.

(puc. 2, a). Cpennee 3HaueHUE MPUBEACHHON yEIbHOM BA3-
KOCTH BBITSKEK KaMeln ObUIO MAKCHMAJIBHBIM y CEMSH pe-
npoxykuun Actpaxanckoit OC (10305) 1 nocToBepHO MpeBsbI-
I11aJ10 3TOT ITOKa3aTelb Y CEeMsH, Toy4eHHbIX Ha Bonrorpan-
ckoit (p < 0.0005), Harectanckoii (p < 0.003) u Kybanckoit
(p <0.001) onBITHEIX CTAaHIUSX (CM. pHC. 2, 6).

[Ipu cpaBHEHMHU CeMsIH OJHUX M TeX ke 00pasloB, BbI-
pAIEHHBIX B Pa3HbBIX YCIOBHSX, CTEIIEHb KOPPEISIINU Kak
0 TIOKA3aTeNI0 COAEPKAaHUSI KaMe/In, Tak W 10 TPUBEICH-
HOM YZI€JIbHOU BSI3KOCTHU KaMEIU 0Ka3aJlach HEJOCTOBEPHOI
(puc. 3, a, 6). Takum 00pa3oM, BHEIIHUE yCIOBHUSA KyJIBTH-
BUPOBAHHS CYIIECTBEHHO BIMSIOT HA YPOBEHb HAKOIIICHUS
W CBOICTBa KaMe/Iu KaK Pe3epBHOIO TOJIUCAaxapua CeMsH

ryapa.

MonyueHmne o6pasLOB NOPOLIKOBOI KaMeAun COPTOB ryapa
B 1a6OPaTOPHBIX YCJIOBUAX
[TomMnmo nmabopaTopHOW ONEHKH CONEP)KAHHUS M BSI3KOCTH
BBITSDKEK KaMEJIM M3 CEMSTH ryapa pa3paboTaHHbBIM SKCIIpecc-
METOJIOM, aBTOPBI TAKKE MPEIIPHHSIIH OIBITKY OJIYYHTb B
71a00paTOPHBIX YCIOBUAX 00pa3Ilbl TIOPOIIKOBOI KaMenn U3
ceMsiH Tpex M3 13 nucnbITaHHBIX 00pasloB ryapa. OT0 OIHH
U3 MEPBBIX COPTOB I'yapa OTEUECTBEHHOH CENEeKLUH: COpTa
Ky6anckuii, Kybanckuii roduneiinsiit 1 Cunyc. Hccnenosa-
JIUCh ceMeHa penpoaykiuu Actpaxanckoit OC.

Ha nepBom 3tare noiayyeHust NOpoIIKOBOK KaMean CEMEHa
ryapa rocJje 3aMaduBaHus (PPaKIHOHNPOBAJIN ITyTEM OT/IeIIe-
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Puc. 3. CpaBHeH/e NoKasaTesieln KonmMyecTBa 1 KauecTBa kKamen B ceMeHax OTAeNbHbIX o6pa3uos, BbIPaLLEHHbIX Ha Pa3HbIX OMbITHbIX CTaHUMAX BUP:
a— cofepkaHne Kamegn (%) B cemeHax 06pa3uos; 6- npueefeHHana yaenbHaa BA3SKOCTb BbITAMXKEK Kamean U3 ceMAH 06pa3|.|03.

Homepa 1-13 cooTBeTcTBYOT HOMepam 06pa3LoB B Tabn. 1.

Puc. 4. MonyyeHne o6pa3LioB MOPOLIKOBOI KamMeAn COPTOB ryapa B 1abopaTopHbIX yCnoBuaAX: a — dpakumm 3apogbiiia (korma),
cemeHHoI 0605104Ky (churi) 1 sHAOCNEPMa, CoAeprKaLLero KameAib; 6 — BIf NMOTyYeHHON B 1abopaTOPHbIX YCIIOBUAX NMOPOLUKOBOM

Kameau nocne ogHow (1), AByx (2) n Tpex (3) cTaanii OYNCTKN.

HUSI ceMs10JIeH 0T 00O0IOUKH U 3apOblilla ¥ BHICYIIUBAHUS
BecoBBIM crtocoboM (Sabahelkheir et al., 2012) (puc. 4, a).
JlanpHeiiiee BbIIeNEHNE KAMEAX U3 YHI0CTIEPMA IPOBOIMIN
mocye pa3BapuBanus 100 1 3epen (30 mun nipu 121 °C) u Tpex
CTaMi SKCTPAKIMK TIPH KOMHATHOM Temreparype (o 1 1).
HepacTtBopuMbIe OCTAaTKH YIQJIsUIM HEHTPU(YTHPOBAHHEM.
[Mocne kaXxaoi IKCTpaKIHK (HPAKIIHIO KaMEAH BBICAKUBAIIN
aneronoMm, cymunu npu 105 °C Ha Bo3nyXxe M M3MeNbdau
(cM. puc. 4, 0). [ToyueHHbIe 1aOOPATOPHBIM Iy TEM ISl TPEX
00pasmoB cemsH ryapa (Ne 5, 7 n 13) HaBeCKH OPOIIKOBOH
Kameau ObLTH repenpasieHs! B tadoparopuio OO0 «HUKA-
[TeTpoTak» U1t JanpHEHIIero aHaau3a.

OueHKa Kameau ryapa Kak reneobpasosarens

JNA XKNAKOCTU rMapopaspbiBa Nnacta

OpmanM 3 Hambonee YPPEKTHBHBIX METOIOB MOBHIIICHHUS
MIPOAYKTHBHOCTH JIOOBIBAIOIIMX CKBAKUH SIBISIETCSI THIIPAB-
nueckuii paspsiB mwiacta (I'PIT), B pesynbsrare KOTOpOTro yBe-
JTUYUBAeTCs ero koHeuHas Hedreotmada (CrumuH 1 1p., 2013).
I'mipaBiandecKkM pa3pbIBOM IUIACTA HA3bIBACTCS MPOIECC,
IIPU KOTOPOM JIaBJICHUE KHUJKOCTH BO3ACHCTBYET HEIOCPeI-
CTBEHHO Ha ITOpPOJIY IUIAacTa BIUIOTH A0 €€ pa3pyIICHUsI 1 BO3-
HUKHOBEHUS! TPEIINHBI.
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Jnst co3naHus THAPABINYECKUX TPEIIUH B IUIACTE W Te-
peHOCa PACKJIMHHUBAIOIIETO HATIONHUTEIS (IIPOMIIaHTa) IPH
I'PII ucnionb3yroT BOJAHBIIN MOIHCaXapuAHbINA reib. B kaue-
CTBE€ 3aryCTUTEJIEH NpU MOJYYEHUH JIMHEWHBIX Iejeil yxe
6onee 50 et ynoTpeOIsIOTCs KUIKOCTH Ha TyapoBOH Oc-
HOBE M ryapoBsle mpousBogHble. C koHna 1960-x . u 1o
HACTOSIIIIETO BPEMEHH TPUMEHSIOT TaK Ha3bIBAEMbIE CIINTHIE
skuaroctd ['PIT— pacTBopsI onmicaxapuioB, «CIIMTBHIX» 00p-
cofiepKaluMu cruBatessiMu. [pu B3aumoneiicTBuu nuHeit-
HBIX CHCTEM CO CIIIUBATENIEM 00pa3yrOTCsI KOMITIIEKCHBIE CBS3H
MEXy [eoYKaMu oauMepoB. biaarogaps 3Ttomy nosiBisercs
CIINTAs CUCTEMA: KUJKOCTh C HU3KON BA3KOCTBIO (JIMHEHHBIN
Tellb) MPEBPAIIACTCS B BHICOKOBSI3KHH CTPYKTYPUPOBAHHBII
(hrons1, CIIOCOOHBIN yepKUBaTh U TPAHCIIOPTUPOBATH pac-
KJIMHUBAIOUIMN areHT (IPOIIaHT) B IJIACT JUISl OBBILICHUS
MIPOBOMMOCTH.

B na6oparopun OO0 «HUKA-ITerporak» ObUTO TpoBeEe-
HO TECTUPOBaHHE TPeX 00pa3LOB MOPOIIKOBOW KaMeH, Ho-
JIy4EHHBIX B JADOPATOPHBIX YCIOBUSIX U3 CEMSTH TPEX Pa3HBIX
copToB ryapa penpoaykuuu Actpaxanckod OC. Llensro
TECTUPOBAHUS ObLIIO YCTAHOBUTH CLIOCOOHOCTD reseo0paso-
BaTens (00pasmoB MOPOIIKa TyapoBO Kamenn) o0ecTedr-
BaTh CTAOMIIBHBIN I'ellb C BBICOKUMH ITECKOHECYIITMMH Xapak-
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Puc. 5. BHewHW B1A CLUINTOrO rens, nonyyeH-
Horo 13 nabopaTopHoro o6pasLa NoPOLLKOBOW
Kamepm (copT KybaHcKuii).

TEPUCTHKAMH, CUIMTHI OOpcoaepika-
[IMMHU CIIUBAIOMNMHU areHTaMu. Orie-
HOYHOHN KayeCTBEHHOW XapaKTepHuc-
TUKOW CIIUTOM KUJKOCTH THUAPOpa3-
pBIBa TUTACTA SBIISIETCS] HATMYNE «SI3BI-
ka». OOpa3oBaHKe «SI3bIKaY, B CBOIO OUe-
p€ab, TOBOPUT O INIOTHOCTU CIIMUTOI'O
rens (puc. 5). KomnaecTBeHHOI Xapak-
TEPUCTHUKOU T'elis CITy)KUT BSI3KOCTb. Pa-
0ouell PUHAITO CYUTAThH BSI3KOCTH JIM-
HelfHoro rens paBHyto 40—45 wmlla-c;
MIPHA 3TOM BSI3KOCTBH CIIUTOH CHCTEMBI
HaxoJuTcs B auanasone ooiee 300—
400 mIla-c, B 3aBUCUMOCTH OT MCXOM-
HBIX TpeOOBaHUIA.

Koneunas BsizkocTh pacTBopa (Jiu-
HEWHOTO Tejs) MOPOITKOBONW KaMeIan
coproB Kybanckwuii u Kybanckuii roou-
neiHeii cnycts 30 MUH J1OCTHITIA He-
00X0IMMOT0 TOPOTOBOTO ypoBHS —41.1
u 36.2 mI1a-c cooTBeTCTBEHHO (TA0II. 2).
370 CBUJIETEIBCTBYET O IIOTCHIUAIBHON
BO3MO)KHOCTH TIOJTyYSHHS ITOPOIIKOBOI
KaMeIH C 3aJlaHHBIMH CBOWICTBAMH W3

2019
23.7

BnusiHve ycnoBuid BbipalyuBaHua pasnnyHbiX reHOTWMNOB ryapa
(Cyamopsis tetragonoloba (L.) Taub.) Ha cBoCTBa Kamefmn ceMsaH
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Puc. 6. Mpadurk TemnepaTypHOI CTabUAbLHOCTM CLUMTOFO FyapoBo-60paTHOrO rens, NoayYeHHOro
npwu Temnepatype 95 °C u3 o6p. N2 5 NOPOLLKOBON Kamean 06pasLOoB ryapa penpoaykumm Actpa-
xaHckon OC (BepXxHAA loMaHas NMMHUA).

JleBas oCcb OpAMHAT OTpaxaeT rnokasaTenb BA3KocTU B cl (Bpykpunbp). Mo NpaBoii OCU OTNOXKeHbI ABe
NOCTOAHHbIE BEIMYMHDI: CMIIOLIHAA TOPU3OHTANIbHAA NIVHNA OTPaXkaeT MOCTOAHHYI0 CKOPOCTb BpaLleHusA
CTakaHa c 06pasuom (117.6 06./c); UTpUXOBas — TemnepaTypy cuctembl B rpagycax Lienbcus (95 °C).

CeMsIH Tyapa, Ipou3BeieHHbIX Ha Tepputopun PD. [To ckopoctr Habopa Bsi3KO-
CTH, KOTOPAs OTIPE/IEIIAETCS OTHOIICHNEM TIOKa3aTeNsl BI3KOCTH IOCIIe 3 MUH rHpa-
TaluU K MAaKCUMAJIbHOMY 3HAUEHHIO BA3KOCTH, BbIAenuiIcs copT Cunyc.

CHIUTBIN Tellb 0TBEYAeT MUHMMAJILHBIM TpCGOBaHI/IHM K Ka4€CTBY KUIAKOCTHU
THIpopa3peiBa miacta (puc. 6). CHIKEHHE BA3KOCTH B TEUCHHE MEPBBIX 35 MUH
SIBIISIETCS] IOIYCTUMBIM U XapPaKTEPHBIM TEPMHUECKUM Pa3KUKEHUEM CUCTEMBI, C
35-ii 1o 60-10 MUHYTY CpEIHSIS BI3KOCTh CTaOIM3upyercst u coctapisiet 350 mlTa-c.
CranmapTHas KOHIIEHTpAIUS CyXoro reiaeodpasosarens B xxunkoctu I PIT paBHa
3.6 kr/M>. Boicokast KOHIEHTpAHs MPOayKTa (4.8 KI/M3) TOBOPHUT O TOM, UYTO He-
00X0aMMO J10opadoTaTh MPOLECC OYUCTKH CYyXOro IMPOAYKTa, a TAaK)Ke MPOBECTH
JIOTIONTHUTEIIHBIE NCCIICIOBAHMSI 110 MOJIEKYJISIPHO-MAcCOBOMY pacIpeIeICHHIO
MIOJIy4aeMOro MOIUMEPA.

O6c¢cyxpeHune
lanakTomanHaH (TyapoBas KaMelb) — PacTBOPUMBINH B BOJIEC PE3CPBHBIN IOIH-
caxapu/i CeMsiH T'yapa — HCIOJb3YeTCsl B KaueCTBE Iejeo0pa3yrolero arcHra B
KHUJKOCTSIX, B TOM 4YHCIie B HETe- U Ta30/00bIBAIOIICH MPOMBIIICHHOCTH IS
THIIPABIMYCCKOTO Pa3phiBa IUTacTa. B Xome mpoBeICHHOTO UCCIICIOBAHNS YCTAHOB-
JICHO, YTO CEMEHA Pa3HbIX COPTOB I'yapa XapaKTEePU3yHOTCs Pa3HbIMHU IIOKA3aTeIISIMU
o01Iero copepkaHus M yAeIbHON (IPUBEICHHON) BI3KOCTH KaMeIH, IIPUYEM ITH
ITOKA3aTeNId MOTYT 3HAYHTEIIBHO BapbHPOBATh B 3aBUCHMOCTH OT COpTa T'yapa U
YCIIOBHH €T0 BhIpAIBaHUS.

J1J1s1 CpaBHUTEIIBHOTO M3yUESHHUS CBOMCTB KAME/IN B CEMEHAX Pa3IMuHbIX TEHOTH-
ITOB I'yapa OBLT TPETIOKEH YCKOPESHHBIH 1a00PaTOPHBIN METOJT TOTyYCHHUS BBITSKEK

Tabnuua 2. 13KKOo-XMMMYECKre NapaMeTpbl MOPOLIKOBOI GDOpMbl FyapoBol Kameau,
nonyyYeHHoOI 13 CeMAH Tpex COPTOB ryapa penpogykunn ActpaxaHckon OC BUP

Moka3atenb

KybaHckuin  Temnepatypa, | KybaHckuin  Temnepatypa, | CuHyc Temnepartypa,
°C tobuneiHbin - °C °C

47 20.7 23 21.9 10.2 21.2

41.1 214 36.2 224 29.2 19.0

7.16 20.7 6.59 22.1 6.65 19.0
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KaMe/I1 JJIsl BUCKO3UMETPUYECKOH olleHKH. Pa3paboTaHHbIit
METOJI O3BOJISIET TPOBOAUTH YCKOPEHHBIH CKPHHUHT HCXOI-
HOTO MaTrepHaja JUIsl CeJIeKIUN COPTOB I'yapa, IepCreKTHB-
HBIX C TOYKH 3PEHUS HCIOJIb30BAHMSI KaMEH U3 UX CEMSH B
He(Ten00bIBaOIEeH MPOMBIIIIIEHHOCTH. Pe3yabTaTs! IpuMe-
HEHUS 3TOH IKCIPECC-METOIUKH JJIs 1a00PaTOPHOI OLIEHKH
CoJIep KaHus U BA3KOCTU KaMe[IH, COAEprKaIlelcs B ceMeHax
13 06pasmoB ryapa, moKa3aiH, 9TO BEIXOJ U CBOWCTBA KaMeIn
OJTHOTO | TOTO K€ COPTa CHIILHO BapbUPYIOT B 3aBUCHMOCTH
OT yCJIOBUH IIPOU3PACTAHHUS.

Jlo HacTosIIEero BpeMEHH IOIBITKH BHIPAIMBAHUS Tyapa
B IIPOM3BOJICTBEHHBIX TOCEBaX MpOBOAMINCH B KpacHo-
napckoM kpae (Jlebens u ap., 2017) u B Kpeimy, rie ryap
BEIpamuBaeTcs 6e3 momuBa (Ha Oorape). OmpeneneHHbIe
yCIIeXy B TOJYYEHUH ypoXkas B 3THX PErHOHaxX OBLIM JI0-
CTHUTHYTBI, O/IHAKO BBISIBJICHBI TAK)KE M PUCKH IIOTEPU YpOrKast
IIPU OTCYTCTBUH OCA/IKOB B KDUTHUECKHE EPUO/IBI PA3BUTHUS
pacteHui. Pe3ynbraThl SKOJOTHYECKHUX HCIBITAHUI Tyapa
B pa3HBIX PETMOHAX CTPaHbl CBUJCTEILCTBYIOT O MEPCHEK-
TUBHOCTH NPOU3BOJICTBEHHBIX ITOCEBOB 3TOW KYJIBTYpHI B
Huxuewm IToBomkse.

Tak, B sxcriepuMenTe 2018 . Mo BBIPAIIIMBAHUIO OJHOTO
u Toro ke Habopa 13 oOpasmoB ryapa Ha Boarorpamckoii,
Actpaxanckoi, [larecranckoit n KyOaHCKO# ONBITHBIX CTaH-
uusx BUP makcumaibHble moka3arein yAeabHOW BSI3KOCTH
OBLITN IOTyYEHBI IS CEMSH penpoayKiuu Actpaxanckoit OC
BUP, rae ryap BwipamuBajics Ha nohuse. [locnenyrouuit
aHaM3 00pa3lOB MMOPOIIKOBOW KaMeJl, TT0Jy4eHHbIX B Jia-
60paTOPHBIX YCIOBUSIX U3 CEMSH TPEX COPTOB I'yapa perpo-
JYKIAU AcTpaxaHCKOro (uiinana, Takke MOoKaszald MX Mo-
TEHIMAJIBHYIO TIPUTOAHOCTH /I MPOMBIIUIEHHOTO HCHOJb-
30BaHus. C Apyroil CTOPOHBI, MAKCHMAJILHOE MTPOIICHTHOE
coziepXKaHue KaMeIi B CEMEHAaX BCEX HCITBITAHHBIX 00pa31oB
ryapa ObUIO 3aMKCUPOBAHO TP UX BBIPAIUBAHUH B yCJIO-
Busax Bonrorpanckoit OC BUP Ha xameasHOM OpOIICHHH.
[TpencraBiaeHHbIe pe3yabTaThl SBISIOTCS HPEIBAPUTEIbHBI-
MH, TIOCKOJIbKY OCHOBAaHBI Ha JAHHBIX KOJIOTMUYECKHUX HC-
MBITaHUH OHOTO rofa. OJTHAKO OHU CBUAETEIBCTBYIOT O TOM,
YTO UJIesl O BO3/ICIIBIBAHNY I'yapa Ha OpPOIICHUU B ACTpaxaH-
cKoit u Bonrorpackoii 00acTsix MOXeT ObITh IIEPCIIEKTHB-
HOHM M MOJIyYUTh MOAJEPIKKY CO CTOPOHBI arpoOu3Heca Ipu
HaJIMYUK pa3paboTaHHOM TEXHOJOTHH BO3/CIIBIBAHUS ITOH
KYJIBTYpbl B HEOOBIUHBIX JIJISI HEE YCIIOBUSIX IPOU3PACTAHUSI.

3aknioyeHune

Pesynbrarel TecTpoBaHus 00pa3LoB MMOPOIIKOBOH (HopMbI
TryapoBOM KaMeIH, MOJIyY€HHOM U3 CEMSIH COPTOB OTEYECT-
BEHHOMW CEJEKINH, MO3BOJISIOT CAEIaTh BHIBOJ O TIPUTOIHO-
CTH TIPOJYKTa JUIsl MCIOJIBb30BaHUsI B KaueCTBE resieo0paso-
BaTeNs B Mpolleccax MHTEHCHU(PHUKAIUU T00bau HePTH Me-
TOZIOM TUAPOPA3PHIBa TUIacTa. [IaHHBII OIBIT SABISETCS YHH-
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