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K uctopuu cosganusa BIIP

Baxkaemble Kosuteru! Tekymuil BBITyCK XypHalsa Io-

cBsnieH 125-netuto denepanbHOrO UCCIEI0BATELCKOTO

LeHTpa Beepoccuiicknii ”HHCTUTYT T€HETUYECKUX pecyp-
coB pacrennii umenn H.W. Basuiosa (BUP).

Hcropus nHcTUTYTa Havanach B 1894 r., koryia 66110 OCHO-
BaHO bropo o npukiagHoi 60TaHWKE IPH Y Y€HOM KOMUTETE
MuHHCTEpCTBA 3eMIIE/ICNNS ¥ TOCYJapCTBEHHBIX HMYIIECTB
Poccuiickoit Umnepuu. Llens cospanus bropo — cucrema-
THYECKUE UCCIIECAOBAHUS BaXKHBIX IS 36MJICICIIHS CEITbCKO-
XO3SICTBEHHBIX KyIbTYp. [lepBble nccneoBanus ObUIN MO-
CBSIILIEHBI OMMCAHMI0 OOTAaHWYECKHX O0COOEHHOCTEH U (u-
3MOJIOTHYECKHUX CBOMCTB MECTHBIX COPTOB, COOMPAEMBIX HE
TOJIBKO CO BCEX YTOJIKOB MMIICPHH, HO M M3-3a pyOexa. [To-
JY4MJIN pa3BUTHE PAOOTHI 110 TAKCOHOMUU KYJIBTYpPHO# (1o-
PBI, TIPEICETIEKIINOHHBIE HCCIIE0BAHMS 1 CETIeKIus. Pe3yib-
TaThl AeATEIBHOCTH BIopo B mepBbIe Ba AECATHICTHS OBUTH
BICUATIISIIOIIUMU: 32 TOT MEPUO mpoBeneHo 80 MHpPOKo-
MAacHITa0HBIX MOJIEBBIX YKCIIEPUMEHTOB, B KOTOPBIX TOJBKO
371aKOBBIX pacTeHHI H3ydeHo okouto 20 Thic. 00pasoB. Pobept
Perenp, 3anuMaBmmuii noct aupexropa ¢ 1905 mo 1920 r, B
1906 1. momoxun pe3ynbTatsl padboTsl bropo Ha Beemuproit
BBICTaBKE B MUIIane, Iie pecTaBIeHHast KOJUICKIUS sSTIMEHST
ObLI1a yI0CTOCHA BBICLIEH HArpabl.

PasBuTHe reHeTuueckux McclieqoBaHud B Poccun Takke
TECHO cBsi3aHo ¢ bropo o npukiaanoii 6oranuke. B 1910 1.
corpynnuk bropo Koncrantun ®nsikcOeprep nepesen Ha
pycckuii 361K pabotel I'puropuss Menmens o 3akoHax Ha-
ciencTBeHHOCTH, a B 1912 . Hukonaii BaBunos Bnepsbie
000CHOBAJI TNTyOOKYIO CBSI3b MEXK/Ty CEJICKIIUCH U TeHETUKOU
U CIIPOTHO3MPOBAJI CYIECTBEHHOE BIIMSIHUE MOCICTHEH Ha
CeNeKIMOHHBIN nponecc. [lInpokoe pa3BuTHE reHeTHIECKUE
uccnenoBanus nonyumu ¢ 1925 r., korna H.M. BaBunos, cras-
it B 1920 . nupexropom bropo, ocHoBan OTaen reHeTHKH,
MIPUIIACHB BO3IVIABUTH €TI0 TAIAHTIMBOTO MOJIOIOTO YYEHOTO
I'eoprus Kapnieuenko. MacitaOHbie paO0ThI ObUTH HAYAThI HA
Pa3HBIX IPyNIIAX CEMbCKOX035HCTBEHHBIX KyIbTYp. Tombpko Ha
37maKax B TedeHue nByX JeT (1928-1929) uccrenoBanusMu
Obu10 OoxBaueHo 70 ThIC. pacTeHHH s;luMeHst U Ooliee 2 ThIC.
MEKBU/IOBBIX THOPUIOB MIIEHHIIBL.

C 1917 nmo 1930 r. opranusanus HECKOIBKO pa3 mepe-
MMEHOBBIBalach, Moka He moiyuwmia B 1930 r. HazBaHue
«Bcecoro3Hbli HayYHO-UCCIIE0BaTENbCKUI MHCTUTYT pacTe-
HueBoACcTBay. H.M. BaBuios, Beiaronuiics O0TaHUK, T'eHe-
THK, CEJIEKLMOHEP, BO3MIABIISBIINI MHCTUTYT Ooee aBaj-
[IATH JIET, OopraHu3oBai cBeime 180 skcmeannuii mo Bcem
KOHTHHEHTaM, KpoMe ABCTpPAJINH, B PE3ysbTaTe 4ero Obuia
coz/iaHa Oorareifias KOJUIEKIMs KyJIbTypHBIX PACTCHUI, He
MMEIOIIast aHAJIOroB B Mupe. OCHOBHBIMH HAy4YHBIMH 1 OpTa-
HU3aIMOHHBIMK JocTikenusiva H.M. BaBuiiosa siBistioTcst:
OTKPBITHE 3aKOHA TOMOJIOTHUECKUX PSII0B B HACIIEICTBEHHON
W3MEHYMBOCTH, CO3IaHNE YUECHHH O IIEHTPAX MIPOUCXOKICHUS
KyJIBTYpHBIX PACTCHUH ¥ MMMYHHTETE PACTEHHH, MacmTa0-
HOE M3yuYeHHE KOJUIEKIIMI KyJIBTYPHBIX PacTeHHi Oojiee uem
B 70 skomoro-reorpaduueckux Toukax Coserckoro Corosa,
CO3/IaHUE CHCTEMbI TOCYAaPCTBEHHBIX COPTONCTIBITAHHH.

B Benunkyio OTedyecTBEeHHYIO BOIHY, BO BpeMsi OI0Ka bl
Jlennnrpana, mornbaBmue oT ronoga coTpynHukud BUP ne
MIPUTPOHYIIUCH K cCEMEHHOMY (DOHTY M cOEpETyIH KOJJIEKIINIO,
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3paHne MyHMCTepCcTBa 3emnefenmna 1 rocyfapCTBEHHbIX VMYLLECTB
Poccuirckon mnepun, pparmeHT poTto koHua XIX B.

COXPaHMB YHHKAIbHOE TeHETHYECKOE Pa3HOOOpa3He KyIbTyp-
HBIX BHUJIOB PACTEHUH U MX TUKUX POIUYEN NSl TOTOMKOB,
Jutst Oynyeit cenexumu. CerofHs KoUK TeHETHYECKUX
pecypcoB BUP macumteiBaetr 6omee 320 Thic. 00pa3moB.
HccnenoBanus BeayTcsl HE TOJNBKO 110 HAIIPABJICHUAM, 3aJ10-
’KEHHBIM B HHCTHTYTE CO JJHS €r0 OCHOBAHMS, HO U [10 HOBBIM,
C IPUMEHEHHEM COBPEMEHHBIX METO/10B. Pe3ynbraTsl n3yde-
HUSI KOJUIEKIIMU TyOnuKytoTcst B katanorax BUP u penen-
3UPYEMbIX MEKAYHAPOAHBIX M OTEUECTBEHHBIX JKypHAJax.
EsxeronHO THICSIYM 00pa31oB U3 KOJUIEKIIUH TTEPeIaloTcs Ha
0e3B03MEe3/IHOIT OCHOBE I10 3arIpocaM rocyJapCTBEHHBIX Ha-
YUHBIX YUPEXKICHUN.

Crarby 3TOTO BBIMYCKA MOCBSIIEHBI pe3yJbTaTaM n3yde-
HUSl TEHETHUECKHUX PECYpCOB PACTEHHUH MO HaNpaBIEHUSM
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LleHTpbl NponcxoXaeHna MArknx nwenuny, n3 kHurn H./. BaBunosa «LleHTpbl nponcxoxaeHuns
KYNbTYPHbIX pacTeHnii» (1926)

«MImmyHuTeT pactennii k 6ose3Hsam», « CeneKus Ha MPOLyKTHBHOCTD U Ka4€CTBOY,
«buonorus pa3BUTUS paCTEHUI», «AKTYyallbHbIE TEXHOIOIUY T€HETUKH PACTEHUI» U
«buopecypcusie komnekumny». Cnenys tpaauuusim H.J. BaBunosa, uccnenosarenu
MIPUMEHSIOT HOBBIE METOAUKH I H3yYeHUsI UMMYHHUTETa paCTeHUil; 3Ta TeMa pac-
CMOTpEHa B 0030pe 10 MOJIEKY/ISIPHBIM MapKepaM yCTOHUMBOCTH KaIrycTsl (Bras-
sica ssp.) k marorenam. OcBanBaroTcst HoBbIe It Poccuiickoit denepanyn Kyib-
Typbl. Tak, aBTOpbI OHOM K3 cTaTell 00CYKIAI0T aJBTEPHAPUO3HBIC IIATHUCTOCTH
ryapa (Cyamopsis tetragonoloba L.). PaboTa 1mo J0Kaim3aIyy reHOB yCTOHINBOCTH
K P’KaBUMHE Y POCCUHCKUX COPTOB JIbHA CBUAETENBCTBYET O BO3BPAILEHUH HHTE-
peca K TeHO(OH/Ty CTAPOMECTHBIX COPTOB KaK HCTOYHUKY T'€HOB YCTOWYHNBOCTH.

o nanpasnennto «Cenekunst Ha MPOAYKTUBHOCTD M KaYECTBO» COXPAHSAIOTCS
HOAXOAbI, onpenaeneHHsble eme P.O. Perenem u pazBuBaeMble HECKOIbKUMHU ITOKO-
nenusimu yueHbix BUP, B psity koTOpbIXx 0c000€ MECTO 3aHUMAET BBIAAIOIINNCS
creranucT B obnactu Omoxmmun pacternii B.I. Konapes. KomnextuBom nc-
cieioBaTeeld ero Hay4YHOW IIKOJBI MTPEACTAaBICHBI PE3yIbTaThl META00JIOMHOTO
aHaJM3a AMKMX U KyJbTYPHBIX BUIOB uuHbl (Lathyrus L.). Taioke B aTOM paszzerne
OITyOJIMKOBAHBI IAHHBIE AHAITI3a ONOXUMHIECKOTO COCTABA ATOJ COPTOB 3EMIITHUKH
canoBoii (Fragaria * ananassa) w3 xoinexkuun BUP n copros oBca (4vena sativa L.)
Pas3IMuHOro reorpauyeckoro MpOUCXOXKICHUS.

3Ha4uTeNIbHAS POITb ITPU HCCIIEI0BAaHNH TeHETHIECKHUX PECYPCOB PACTEHHH BCeT/a
OTBOANTCS X MOP(OreHe3y 1 OHTOTeHE3Y, TaK Kak y4deT (pakTopoB, BIMSIONINX Ha
THUII Pa3BUTHSL, THIT POCTA, CPOKH [IBETCHUS U aPXUTEKTYPY PACTCHUH, NCKITIOUUTENb-
HO Ba)KCH IS PACKPBITHS MOTEHIMAA ypOXKaltHOCTH Oyymux copToB. B pyOpuky
«buonorus pa3BUTHS pacTEHUI» BOIIIA padOTa MO TPAHCKPUIITOMHOMY aHAJIU3Y
SMOPHOTCHHBIX KaJUTyCOB Jitoniepubl Medicago truncatula. Moaenu pa3BuTusi co-
LIBETUH U pPE3yIIbTaThl U3yUEHNS CPOKOB IIBETECHHS [TPEICTABIICHBI U1l TAKUX BUJIOB,
Kak JIIoIlepHa IoceBHas 1 cosl. J{nana3on (poTonepnoandeckoil peakiiny y pacTeHHiH
paccMOTpEH Ha pUMepe I'yapa U 0Bca I0CEBHOTO.

B crarbsix paznena « AKTyaJIbHbIE TEXHOJIOTUU T€HETUKN PACTEHNID TPOIOIKEHBI
3anoxeHHble [ J1. KapneueHko Tpauluy o paciupeHuio FeHETHYECKOTO Pa3HO-
00pa3ust ¥ CO3/1aHHI0 HOBBIX (DOPM ITyTeM OTHalieHHO# rudpuan3anuy. [IpuBeaeHbt

PE3YIbTAThl U3YUYCHUSA I'CHCTUYCCKOI'O
pa3HO00pa3us M CENeKIMOHHON IeH-
HOCTH CHHTETHYECKOH reKcarIonIHON
NIICHUIIBI, HpHBHe‘{eHHOﬁ B KOJIJICK-
nuio BUP u3 CIMMYT, u nanasie
BCECTOPOHHETO HMCCIIEOBAHNS BHOBb
CHHTE3MPOBAHHOTO TETPAILIONA C Te-
HoMHo# popmynoit DDAVAY. O6eyx-
JIAFOTCS BaYKHBIE IS pa3BUTHUS THOPHI-
HOW ceJIeKIuH KapTodels CBeleHHs O
THUIIaX IUTOIIa3M M TeHETUIECKOM pa3-
HOOOpPa3nu POCCHICKUX COPTOB M COP-
TOB M3 CTpaH OJMIKHEro 3apyOexbsi.
O KpUTHYECKOM 3HAYECHUU METO/OB
OMOTEXHOJIOTHH JUTS YCKOPEHHUS CEJeK-
LIHOHHOTO MPOIECcCca CBUAETEILCTBYIOT
pe3ynbTarhl KyJIbTUBUPOBAHUSA in Vilro
PaHOCO3PEBAIOIIUX COPTOB YEPELTHH.

Jst 5pGeKTUBHOTO COXpaHEHUS U
HCIOIb30BaHUSI OTPOMHBIX MacCHBOB
(PEHOTUITNYECKUX XapaKTEPUCTUK U
TCHOTUITNMYCCKUX JaHHBIX, ITOJTYYCHHBIX
IIPU U3YYEHUH KOJUICKIUI TeHeTHde-
CKHX PECypCOB PaCTEHHH, OCYHIECT-
BIISIIOTCSI CTPYKTYPHUPOBAHHUE M aHAIIU3
3TuX JAaHHbIX. B pasnen «buopecypc-
HbIE KOJUICKIIMU» BOIIIM CTaTbH, I10-
CBALICHHBIC KOJUICKIOWAM BHUHOTpaja,
PXHU M IPEACTAaBUTENIM CeMeicTBa
KanycrHsle.

Takum ob6pazom, BUP, coxpansist 60-
Jiee YeM BEKOBbIC TPAAUINH, 3aJI0KEH-
HBIE €r0 OCHOBATEJSIMU U BBIJAIOIIH-
MHUCA YUYCHBIMHU, B HACTOALICEC BpEMA
AKTHBHO TIPHUBIIEKACT K U3YUYEHHIO Te-
HETHYECKHX PECYpPCOB PACTCHUH camble
COBpEMEHHbIE MeTo/Ibl. ETo coTpy HUKH
BEAyT O0OBEMHYIO M CIIOXKHYIO padoTy
110 TapaHTUPOBAHHOMY COXPaHEHHUIO
TeHETUYECKUX PECYPCOB Ha BBICOKOM
YpOBHE, 00€CIIEUNBAIOT Ha PETyIIpHON
OCHOBE OTEUECTBEHHBIE CENIEKIIUOHHBIE
HEHTPbI UCXOJAHBIM MaTe€pUuaioM IJIid
CO3/1aHNS HOBBIX BBICOKOIIPOIYKTHB-
HBIX (OPM KyJIBTYpHBIX pacTeHui, yc-
TOWYMBBIX K HEOIAronpusITHBIM aOHO-
THYECKUM ¥ OMOTHYECKUM CTPECCOBBIM
(baxTopaM 1 001aJAIOIINX XO3SHCTBEH-
HO IICHHBIMHU XapaKTCPUCTUKaAMU.

Penaxuus «BaBuiaoBckoro xypHaia
TCHETUKN W CEJICKIUI» I03/1PaBIIsIeT
denepanbHblil KCCIEN0BATENbCKUN
LeHTp Beepoccniickuii MHCTUTYT reHe-
TUYECKHUX PECYPCOB PACTEHUH MMEHH
H.U. BaBusnosa co 125-netuem u xxena-
€T ero COTPYIHUKAaM YCIIEX0B B HAYYHBIX
HCCIIEJIOBaHUSAX Ha Oyaro poccuiickoi
HayKH.

Hayunvie peoakmopul evinycka:
axkademux B.K. Ilymnou,

Bpuo oupexmopa BUP npog. PAH E.K. Xnecmxuna,
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AnbTepHapmo3Hble MATHUCTOCTY I'yapa
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2 KpbIMCKas OMbITHO-CENEKLMOHHasA CTaHLuA — Gunnan OefepanbHOro MCCIEOBATENBCKOTO LieHTPa BCcepoCcniekmin MHCTUTYT
reHeTN4ecKmnx pecypcos pacteHui um. H.W. Basunosa (BUP), Kpbimck, Poccua

3 Bcepoccrinckuii HayuHO-UCCIeAoBaTeNbCKUIA UHCTUTYT 3auTbl pacTteHuin, CaHkT-MNeTepbypr, Poccus

@ e-mail: eugene_radchenko@rambler.ru

OpHoneTHAa 6060Bas KynbTypa ryap (Cyamopsis tetragonoloba (L.) Taub.) nepcnekTMBHa AN BbipalnBaHKA Ha tore
Poccun. B 2018 1. 6b111 NpoBefieHbl prTOCaHUTapHble 06CefoBaHNA MOCEBOB ryapa (13 KonnekunoHHbIX 06pa3LoBs)
B nAT! punuanax BUP (KpacHogmapckuin Kpai, larectaH, AcTpaxaHckas v Bonrorpagckas obnactu). Bo Bcex nyHKTax
Ha NIMCTbAX Fyapa OTMEYEHO HECKObKO TUMOB SIMCTOBbIX MATHUCTOCTEN, CPEAN KOTOPbIX Npeobnafanyt CMMITOMbI
nopaxeHua pacteHunii rpnbamu popa Alternaria Nees. BupoBoli cocTaB MUKPOMULIETOB UAEHTUGULMPOBANN C No-
MOLLbIO MUKPOOVONOrMYeCKNX METOAOB 1 BbICOKOMPOV3BOANTENIHOTO CEKBEHVPOBAHNA NOCIEA0BATENILHOCTI MEX-
reHHOro crewcepa reHa sgepHon pubocomanbHol PHK (ITS2). YctaHoBneHo, uto rpubsl Alternaria spp. B pa3nmnyHbIx
aKonoro-reorpadryeckmnx ycnoBusax tora Poccun Bbi3biBaloT Ba OCHOBHbIX TUMA MATHUCTOCTEN INCTbEB: TUMNYHYIO
(6exeBble 1 6ypble OKpYrible NATHA, 0ObIYHO CONMPOBOXKAALIMECA KOHLEHTPUYECKOI 30HaNbHOCTbIO) 11 KOPUYHEBYIO
NATHUCTOCTb (MefKkme Gypble BbiMyKsble CNMBaOLWMecs NATHA). B 6onblUMHCTBE ClyyaeB NopaxxeHre TKaHel nncTa
BbI3BaHO rpnbom A. tenuissima (Nees & T. Nees : Fr.) Wiltshire. BoiaBneHa Takxe conyTtctBytowwan mmukodnopa (npex-
Zie Bcero, rpubbl popa Fusarium Link). OguH 13 cambix BpeJOHOCHbIX MAaTOreHOB ryapa B CTpaHax, rae cocpefotoye-
Hbl OCHOBHble noceBHble nnowaan (MHamsa, NakuctaH, CLLUA), — cneymanvsnpoBaHHbI MUKpoMULET A. cyamopsidis
Rangaswami & A.V. Rao Ha noceBax B Poccun He o6Hapy»keH. O6pasLibl ryapa pasnnyatoTcs no cTeneHn nopaxeHus
BO36yauTenem anbtepHapuosa A. tenuissima. NMokasaHo anddepeHLmanbHoe B3anMoencTBme napasnTa 1 Xo3samHa.
COOTBETCTBEHHO, AN1A NPefoTBPaLLeHNA SNMOUTOTUI CnepyeT BbipallMBaTh COPTA, 3aLUMLLEHHbIE HETOXKAECTBEHHDI-
MU reHaMu YCTONUYMBOCTM. Bo Bcex nyHKTax U3yyeHus ciabo nopaxanncb anbTepHaprio3om obpasLpbl K-52568 (Ap-
reHTUHA) 1 K-52569 (MakncTaH), pag o6pasLoB Obil YCTONUMB TONBbKO B YCIOBUAX OAHON UM ABYX OMbITHBIX CTAaHLUIA.
M3yueHHble dopMbl reTeporeHHbI Mo YCTONYMBOCTU K MATOreHyY, UTO NPefoCTaBAeT BO3MOXHOCTb 0T60pa pe3ncTeHT-
HbIX K 601€3HI NTMHWI 13 BOSbLUEN YaCTV KONMEKUMOHHbIX 06pa3uoB. Tak, B pa3nnyHbix ¢unnanax BUP n3 obpasuos
K-52571, K-52573 1 k-52580 oToOpaHbl pacTeHna 6e3 CUMNTOMOB NOPaXKeHWs, CObpPaH CEMEHHOI MaTepurars, KOTOpbIii
MOXET ObITb MCMONb30BaH AJ1A CO3AaHNA HOBbIX [JOHOPOB YCTONUMBOCTU K 6ONE3HN.

KnioueBble cnosa: ryap; ¢ToCaHUTapPHbI MOHUTOPWHT; anbTepHapUo3; BbICOKOMPOU3BOAMTENIbHOE CEKBEHVPOBA-
Hue (NGS); yCTONUMBOCTb; B3aUMOAENCTBYE Napa3nT-pacTeHNE-XO3ANH.

Ana untupoBaHus: Paguerko E.E., Abgynnaes PA., AnnatbeBa H.B., MytuHa O.B., facny EJ1. AnbTepHapuno3Hble nNaT-
HUCTOCTU ryapa. BaBunoBcKui )XypHan reHeTnky 1 cenekummn. 2019;23(6):641-649. DOI 10.18699/VJ19.536

Alternaria leaf blight of clusterbean

E.E. Radchenko! @, R.A. Abdullaev!, N.V. Alpatieval, O.V. Putina?, E.L. Gasich?
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The annual legume crop clusterbean (Cyamopsis tetragonoloba (L.) Taub.) is a promising crop for cultivation in the
south of Russia. In 2018, phytosanitary examinations of clusterbean fields (13 collection accessions) were conducted
in five VIR branches (Krasnodar Territory, Dagestan, Astrakhan and Volgograd Regions). At all points, several types
of leaf spots were observed on clusterbean leaves and symptoms of plant damage by fungi of the genus Alternaria
Nees prevailed. Using microbiological methods and Next-Generation Sequencing (NGS) of the nuclear ribosomal
internal transcribed spacer two (ITS2), the species composition of micromycetes was identified. It was found that
the micromycetes Alternaria spp. in different ecological and geographical conditions of the south of Russia cause
two main types of leaf spots: the typical (beige and brown round spots, usually accompanied by concentric zonality)
and brown spot (small brown bulging merging spots). Overwhelmingly the damage to leaf tissues is caused by the
fungus A. tenuissima (Nees & T. Nees : Fr.) Wiltshire. A quite numerous accompanying mycoflora (first of all, fungi of
the genus Fusarium Link) was also detected. A. cyamopsidis Rangaswami & A.V. Rao, one of the most harmful guar
pathogens in the countries where the main acreage is located (India, Pakistan, USA), was not found on clusterbean
fields in Russia. The accessions of clusterbean differ in degree of damage by A. tenuissima that causes Alternaria leaf
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blight. Differential interaction of parasite and plant host was revealed. Therefore, to prevent epiphytotics, varieties
protected by non-identical resistance genes should be grown. At all VIR branches, accessions k-52568 (Argentina)
and k-52569 (Pakistan) were weakly damaged by Alternaria leaf blight, and some accessions were resistant only in
the environmental conditions of one or two experimental stations. The accessions studied were heterogeneous in
pathogen resistance, which allows selecting disease-resistant lines from most of the collection accessions. Thus,
in various VIR branches, plants without symptoms of disease were selected from accessions k-52571, k-52573 and
k-52580, and seeds were collected to create new donors of disease resistance.

Key words: clusterbean; phytosanitary monitoring; Alternaria leaf blight; next-generation sequencing (NGS); resis-

tance; parasite — host-plant interaction.

For citation: Radchenko E.E., Abdullaev R.A., Alpatieva N.V., Putina O.V., Gasich E.L. Alternaria leaf blight of cluster-
bean. Vavilovskii Zhurnal Genetiki i Selektsii=Vavilov Journal of Genetics and Breeding. 2019;23(6):641-649. DOI

10.18699/VJ19.536 (in Russian)

BBepeHune

I'yap Cyamopsis tetragonoloba (L.) Taub. — HoBast yist Poccuu
OIHOJNETHSST 0000Bast KyJIbTypa MHOTOLEJIEBOTO HCIIOIb30-
BaHMs. Ero mcronb3ylor B muIy ¥ Ha KOPM CKOTY, OJTHAKO
HauOoJIee EHHBIN MPOJYKT MepepaboTKN CEMSTH — ryapoBast
KaMmeJlb, KOTOPYIO NPUMEHSIOT B KauyeCTBE CTaOMIM3aTopa
KOHCHCTEHIIMH, YBEIMYHMBAIOIIETO BI3KOCTh 1 JKEIHPYIOIINE
CBOICTBa, B KOCMETOJIOTUH, TTUILEBOH, OyMaKHOMN, TEKCTHIIb-
HOW, yronpHOH 1 HepTeOypoBoii mpoMeinuieHHocTH (Pathak,
2015). AKTyanbHOCTb IPOOJIEMBbl UMITIOPTO3aMEIIICHHUS Tya-
POBOIi KaMeaM MPOMBIIUICHHOTO Ha3HAYeHUs! 00yCIIOBHIIA
HEOOXOAMMOCTh U3Y4EHUsI EPCIIEKTHB BBIPAIIMBAHUS TPO-
MTUYECKOH KYJIBTYPBI B ycaoBUsix Poccui.

OCHOBHBIE HaIlpaBJICHUA CCIICKINMOHHO-TCHETUYCCKUX pa-
00T — ynmydIeHne NpoayKTUBHOCTH, Ka4eCTBa M yCTOHYUBO-
CTH K BpEJIHBIM Oprann3mam. [ 'yap xapakrepusyeTcs HIUPOKOH
Bapuanueil Mopdooruyeckux npusnakoB (Malaghan et al.,
2013; Boghara et al., 2016), ogHako pazHOOOpa3me BO3ICIbI-
BaeMBIX COPTOB I10 TeHaM YCTOHYMBOCTH K (PUTONATOTCHAM
HeBbicoko (Kumar et al., 2017).

Ha ryape nurarorcst HaceKOMbIE 1 KIICIIHN; BBISIBICHBI MHO-
TOYHUCIICHHBIE OaKTepHajbHbIe, BUPYCHbIC, TPHOHBIC U He-
MaTO/IHbIE 3a00JIeBaHUs, CPEIU KOTOPBIX Hanbosee MHUPOKO
pacrpocTpaHeHBI U BPEIOHOCHBI 0aKkTepro3 (BO30YIUTENb —
Xanthomonas axonopodis pv. cyamopsidis (Patel) Vauterin)
U aJbTEepPHAPUO3HAS IISITHUCTOCTH (BO30yauTens — Alternaria
cyamopsidis Rangaswami & A.V. Rao) (Gandhi, Chand,
1985; Woudenberg et al., 2014). [ToBcemecTHOMY U OBICTPO-
MY PacrnpoCcTpaHEeHHUIO OOJe3HeH CrIoCOOCTBYET COXpaHeHUE
WHQEKINH B CEMCHAX.

BcepoccuiickiM HHCTHTYTOM T'eHETHYECKHX PECYPCOB pac-
tennii umenn H.W. Basunosa (BI1P) 8 2017-2018 rr. opranu-
30BaHO YKOJOTHYECKOE UCTIBITAHNE KOJIEKIIMOHHBIX 00Pa3IIoB
ryapa Ha tore Poccun. B pesynsrare ¢purocanurapaoro o0-
cnemoBanus mocesos B 2017 . Ha KybaHCKo#i OITBITHOM CcTaH-
uuun BUP (I'ympkeBuuckuii paiton KpacHomapckoro kpas),
a Tarke J1abopaTOpHOro aHaM3a MHPHUIMPOBAHHOTO pac-
TUTEIHLHOT0 MaTepHalia BBISBICHBI J[Ba HauboJiee pacrpo-
CTpaHEHHBIX 3a00JIeBaHM: OaKTepHo3 U adpTepHapro3. s
OakTepro3a ObIIO XapakTepHO AMU(PUTOTHHHOE pa3BHUTHE,
OTMeuajl MacCOBOE yChIXaHHE M Jla)Ke I'MOeNb pacTeHUi
HEKOTOpPBIX 00pa3mnoB. C MoMoIb0 0aIoBOH IMIKAIEl ObLIA
OlICHEHA CTETEeHb MIOPAKeHNUS pPaCTeHH BO30yauTeneM 3a00-
JICBaHUS U BBIJICJICHBI yCTOHUUBBIE POPMBI (K-52569, k-52575
n k-52580) (Pamuenko, Coxkomnona, 2018).

B aBrycre 2018 1. puTocannTapHsie oOciaeJ0BaHUS MTOCE-
BOB Tyapa IPOBE/ICHHI B IIATH IKHBIX (huranax BUP. B or-
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JMYHE OT MPEBIIYIIEro MOJIEeBOro Ce30Ha, B YCIOBUSAX IO~
BCEMECTHOI1 3aCyXH 0OHAPYKEHBI JIHIIb SAUHUYHBIC CIIyYan
MOpaKEHUsI pacTeHuil Bo30yauTeseM Oakreprosa. Bo Bcex
IYHKTaX Ha JINCTBSX Tyapa OTMEYEHO HECKOJIBKO THIIOB JIHC-
TOBBIX IIATHUCTOCTEH, CPEIHM KOTOPBIX Mpeodianain CHMII-
TOMBI IOpaXKEHHs pacTeHuil rpudbamu pona Alternaria Nees
(6exxeBBIC M OypBIe OKPYTJIBIE TISTHA, YACTO C KOHIIEHTPUYE-
CKOM 30HAIILHOCTEI0). B psizie ciryyae ansTepHapHO3HbIC MSIT-
HUCTOCTH HAIIOMHHAJI COJIHEUHbIE 0)KOTH, a TAKXKE COIIPO-
BOXKITAIHCH Aedopmarueii mrctreB. Habmromanm n «xopudaHe-
BYIO [ISITHUCTOCTBY (MEJIKHE OyphIe BBITYKIIbIC IISTHA) HEsC-
HOM 3TUOJIOTUU.

ens HacTOsATIEH pabOTHI — C TOMOIIIBI0 MUKOJIOTHYECKUX
Y MOJICKYJIIPHO-TEHETHYECKUX METOJI0B HICHTU(DHIIPOBAT
BUJIOBO# cOCTaB IprbOB poja Alternaria Ha Tyape v OLCHUTh
CTEIeHb MOPAKEHUS! 3TUMH IIaTOTCHAMH KOJUIEKIIMOHHBIX
00pas3LoB, UCIBITHIBAEMBIX B PA3JIMYHBIX SKOJIOro-reorpadu-
YECKUX yciaoBuaX tora Poccuu.

Matepwuanbl n metogbl

B 2018 r. Obun 00cIe10BaHbl MOCEBbI IKOJIOTUUECKOTO HC-
meiTaHus 13 00pasioB Tryapa pazIHyHOTO MPOMCXOKACHUS
Ha Kpsivmckoit onbiTHo-cenekunonnoi (KOCC BUP), Ky6an-
ckoii (KOC BUP), Harecrauckoii (JIOC BUP), Bonrorpan-
ckoit (BOC BUP) u Actpaxanckoit (AOC BUP) ombITHEIX
cranmsix BUP. LlenecooOpa3HOCTh MPOMBIIUIEHHOTO BO3-
JICJIBIBAHUS T'yapa OIpeeiIsieT, IPEXk Ie Bcero, cymma 3ddek-
THUBHBIX TeMIIepaTyp Bo3myxa Beimie 10°, koTopas ITOKHA
cocTaBisATh 0koio 3400-3500 °C (JIebens u ap., 2017). Knn-
MaTH4eCcKHe YCIIOBUs IoKHBIX (rinaioB BUP BriosiHe orBeya-
10T naHHOMY TpedoBanmio. JIOC BUP pacnonoxkena B 10okHON
II0CKOCTHOM 30He Jlarectana y Kacmuiickoro mops, B 10 km
or I. JlepOenTa. [1ouBbI KalITaHOBBIE, TSKEIOCYTIIMHUCTBIE.
brn3ocTs MOpsi, HCKYCCTBEHHOE OPOIIEHHE 00YyCIIOBIMBAIOT
MOCTOSTHHO BBICOKYIO OTHOCHUTEIIBHYIO BJIQXKHOCThH BO3/yXa,
KoTopast B utone (cpennss remneparypa 24.9 °C), kak npaBu-
110, He HIKe 67 %. KOC BUP pacnionoxeHa B CTEITHOM yacTi
[Tpuky6anckoi paBHUHBI. [I0UBEHHBIN TOKPOB MPECTABICH
MOIIIHBIM TIPEKaBKa3CKUM YepHo3eMoM. Kitmmar ymepeHHo
KOHTHHEHTAJIBHBIH, C )KapkuM jietoM. CpeHeroaonas TeM-
nepatypa Bo3ayxa 10.6 °C, cpenqHeMmecsauHnas Temmneparypa
utond 23.3 °C. CpegHeMHOT0JIETHSSA TO/I0Basi CyMMa OCaIKOB
cocTaBysieT 545 MM, OHAKO B pa3HbIE TOMABI KOIEOIETCS OT
400 o 770 mm. KOCC BUP naxonutcs B . Kpeimcke, B
3arnaHoil 4acTu mpenropHoi 30Hel KpacHomapckoro kpasi.
[TouBBEI — CIUTBIE W AETPaJUPOBAHHBIC YEPHO3EMbI IIHMHU-
CTOTO MEXaHW4ECKOro coctana. CpeJHErosoBast TeMIeparypa
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Bo3yxa 10.6 °C. Jlerom OOBIYHBI 3aCyLUIMBBIC MEPUOIbI,
KoTopbIe mpepsiBatoTcs muBHAME. BOC BUP pacmonoxena
Ha 3eMJIsIX Bonro-AxrtyOuHckoit noiimel. [TouBsr — anmmoBu-
AJIBHBIC CYTTIMHKH. Kiaumar PE3KO KOHTHUHEHTaJbHBIN. BecHa
cyxas, ¢ OBICTPBIM HapacTaHHEM JHEBHBIX TEMIIEPATYp U
yacTeIMU BeTpaMmu. Jleto cyxoe, 3HolHOe. B nensre Bonru,
Hepaneko oT I. Actpaxanu Haxogutcs AOC BUP. Knumar
3/1€Ch CaMblil KOHTUHEHTAIbHBIN U 3aCYIIJIMBBIN HA BCEHl €B-
porneiickoit wactu Poccun. CpenHsisi MHOTONIETHSAS TeMIIepa-
Typa Bo3ayxa cocrasisgeT 10.5 °C, cpeanecyTodHas Temie-
parypa utons — 25.6 °C.

OO0pas3isl BBICEBAIN BO BTOPOH ITOJIOBHHE Masi Ha ACIISTHKAax
JuHOM 3-3.5 M B 1ByX noBTOpHOCTAX. B 2018 I Ha 1ore Poc-
CHH TIOBCEMECTHO HAOII0AJIach 3aCyXa, OCIIE ITI0CEBA BIUIOTh
JIO TIepUOAa MPOBEICHNS (PUTOCAHUTAPHOTO MOHHTOPHHTA
(KoHel MIONS — HAa4ajo aBrycTa) OCAJKOB MPAKTUYECKH HE
6sw10. B yenmosusax IOC BUP pacteHus monuBaim IBaXIbl,
Ha BOC BUP nu AOC BUP ucnonp3oBany CUCTEMY Kareb-
HOTO OpoIIeHus pacteHuid. [lJist mpoBeieHus 1abopaTopHOit
9KCTIEPTHU3BI MOPAKEHHBIE JHCThsI COOMpaNN B OyMasKHbIE
TIaKEeThI, OJICYILIMBAJIN M XPAHUIIH B OBITOBOM XOJIOAMIIBHHKE.

Ha nmuTomMHMKaX 3KOJOTHYE€CKOrO MCIIbITaHUS (bI/IJ'II/IaJ'lOB
BUP uzyuanu nepcnekTUBHBIE 1)1 BbIpaluBanus B Poccun
00pasmpl Tyapa pa3M4HOTO MPOUCXOXKICHHS. B aToT Ha-
0Op BOILIM MECTHbIe 00pa3ibl Oe3 Ha3BaHUIl W3 APreHTH-
HBI (K-52568) u [lakucrana (k-52569), otO0p M3 MakucTaH-
CKOTO MeCTHOTO 00pasna, crenannslii B Kpeimy AO «TaBpu-
na» (xk-52571), cenexunonnsie copta u3 CIIIA Santa Cruz
(xk-52584), Kinman (k-52585) u Lewis (k-52586), nHnuii-
CKHe 00pa3iibl, OydeHHbIE 13 POCTOBCKOTO yHHBEpCUTETA
(k-52580 u x-52581), copra cenexuun KOC BUP Basunos-
ckuit 130 (k-52572, ot6op u3 k-52568), Kybanckmii (k-52573,
otoop u3 k-52571), Kybanckuii roOuneiinsiii (k-52742, orbop
u3 k-52581), copra Bekrop (k-52574) u Cunyc (k-52575).

[IpoBeeH MHUKOJIOTHUYECKUHN aHAIH3 00pa3IoB pacTeHHUNA
ryapa ¢ pa3HBIMH CUMITTOMaMH IIOpayKeHHs (PUTOMAaTOTCHAMH.
@parMeHThl IOPaKCHHBIX TKAHEU IIOMEILAJIN B MapJeBble
MEIIOYKH, MPOMBIBAIIHN 2 4 110 CTPYeH BOIOIPOBOIHOM BOJBI,
MOBEPXHOCTHO je3nHpuuuposany B Tederne 1 mua 0.1 %
pacTBOpoM HHUTpara cepedpa, IPOMBIBAIN HECKOJIBKO pa3
CTEPUIILHOM BOAOH CO CTPENTOMULIMHOM M PacKJaJblBalIl B
yamky [leTpu Ha TOBEPXHOCTH arapu30BaHHON KapTO(eITbHO-
caxapo3Hoii cpeibl. Yaiku HHKyOHpOBaIM B TEPMOCTATE IPH
24 °C B TeueHne 7 CyT, a 3aTeM IPU SPUTEMHOM OCBEIIICHHH.
[Tocne mosiBieHUs MULENNS HAa WIM BOKPYT PACTHTEIBHOMN
TKaHHU €ro MepeHOCHUIIM Ha CBEXKYIO MUTATENBHYIO Cpeay U
MOTyJalii KOJIOHUH (M30JIATHI) (PUTONMATOTCHHBIX TPUOOB.
[Tociie KOMMYECTBEHHOTO y4yeTa BHUAOBOTO PAa3HOOOPA3Hs
MHUKPOMHIIETOB BBLICIJISUIN TPYIITy TpHOOB poxa Alternaria.

s mpentudukanum rpudoB pona Alternaria mo mopdo-
JIOTMYECKNM TIPU3HAKaM MOHOCIIOPOBBIE N30JISATHI BBIPAIIH-
BaJIM Ha KapTo(heIbHO-MOPKOBHOM MHUTATEIBHON Cpee mpu
24 °C u nepeMeHHOM ocBerieHuu (16 9 cBeT: 8 4 TeMHOTA).
Wnentudukannio M3015TOB OCYIIECTBIUIN HA 5—7-€ CyTKH,
[IPOCMAaTpHBasl CIIOPOHOILICHHE HA MOBEPXHOCTH KOJOHHM
o1 OMHOKYJISIPOM, C MCIIOTIB30BaHUEM OmpeaenuTens (Sim-
mons, 2007).

I'pubsl pona Alternaria B TUCThSIX Tyapa UACHTH(DHUIUPO-
BaJIM TAKXK€ C TIOMOIIBIO BHICOKOTIPOM3BOANTEIBHOTO CEKBE-
HHUPOBAHHS OCJIE/IOBATEIHHOCTH MEKXTEHHOTO CTieiicepa rena
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AnbTepHapuno3Hble
NATHUCTOCTM ryapa

snepHoit pudbocomansroir PHK (ITS2). ITpu aToM ObLT BBI-
Opan BaprabeIbHBIN yuacToK siepHoro reHoma 5.8 STRNA —
ITS2 — 28SrRNA, no3BoasroImuii, CONIaCHO JINTEPATyPHBIM
nMaHHbIM, auddepeHnnpoBaTh BUAbI Alternaria U3 ceKuuu
Porri, K KOTOPOH OTHOCUTCSI ONTACHBIN CHIELUAIN3UPOBAHHBIN
naroreH ryapa A. cyamopsidis, OT Ipyrux NMpeacTaBUTEINCH
pona (Pavon et al., 2011; Woudenberg et al., 2013).

AHaIM3MpOBAIH TUCTHS I'yapa C Pa3IMIHbIMU TUITAMH IISIT-
HHUCTOCTEH, KOTOpbIe ObLIN coOpaHbl B AT (rtnanax BUP.
JIMCThst BHICYIIMBAIIM B €CTECTBEHHBIX YCIIOBHSX U PACTHPA-
mm B sxuakoMm azore. JJHK Bergensum u3 10-20 mopaskeHHBIX
JHUCTHEB ¢ MoMolIbi0 Habopa peakTHBoB NucleoSpin Soil
(MACHEREY-NAGEL, I'epmanusi) coracHO MHCTPYKIMU
npousBogutens. KauectBo u koHuentpanuio JJHK ouenu-
Basiu Ha criekTpooromerpe NanoDrop 2000C. U3 nucthes,
cobpannbix Ha JIOC BUP, e ynanock Beigenuts JJTHK ynos-
JIETBOPHUTENIFHOTO KadeCTBa, TO3TOMY 00pa3ert ObLT HCKITIOUCH
U3 aHaIm3a.

B nccnenyembix oOpasiax Oblia mpoBeJeHa aMIunprKa-
U pparMeHToOB pUOOCOMANBHBIX onepoHoB rpubos (ITS2)
merozoMm [1LIP ¢ ncnonezoBanueMm npaiimepos [7S1F/ITS2
(GCATCGATGAAGAACGCAGC/TCCTCCGCTTATTG
ATATGC) (White et al., 1990). CexBeHnpoBaHue BBITOJ-
Hsuh Ha 1utatdopme MiSeq ¢ moMonipro Habopa PEaKTHBOB
MiSeq® ReagentKit v3 (600 cycle) ¢ n1ByCTOpOHHHM YTe-
aueM (Illumina, CIIIA). [TomyueHHbBIE TOCIIEIOBATEIEHOCTH
o0pabarbiBaiM ¢ MoMomIpio mporpammuoro makera PIPITS
s oudmorek ITS (Gweon et al., 2015). Pabory mposo-
In ¢ ucronb3oBanueM obopymoBanns LIKIT «I'enomHBIE
TEXHOJIOTHH, TIPOTEOMHUKA 1 KieTouHast Ononorus» ®I'BHY
BHUNCXM. UneHTuGUKAIMIO OPraHu3MOB OCYIIECTBHIH
C TIOMOIIBIO HMH()OPMAITMOHHO-TTONCKOBOH cucteMbl BLAST
6a3b1 anHbIX GenBank NCBI myTem morcka mocire1oBaTeib-
Hocreii o noxobwuro (https://blast.ncbi.nlm.nih.gov/Blast.cgi).
Penxue caiiTbl, 3aMEHBI B KOTOPBIX BCTPEYAINCh B OTHOU-IISITU
MOCIIEA0BATENBHOCTSIX, OBIIM UCKIIFOYCHBI M3 aHAN3a.

Bo Bcex 30Hax m3ydeHHs Ha ryape HaOJIOfald yMEpeH-
HO€ pa3BUTHE aJIbTEPHAPUO3HBIX ITHUCTOCTEN. [lopaskeHue
pacTeHHi Ha €CTeCTBEHHOM MH(EKIIMOHHOM (pOHE OIICHUBA-
nu o mkane (Bumnaskosa u ap., 2010): 1 — mopaxeno a0
10 % nucToBoii moBepxXHOCTH (04eHb c1ab0e); 2 — MOpaskeHO
11-25 % (cnaboe); 3 — mopaxkeno 26—-50 % (cpennee); 4 —
nopaxeHo 51-75 % (cunbHoe); 5 — mopaxeno 76—100 %
(04eHb CHITLHOE).

Ha KOCC BHP ocmarpuBanu u oneHuBanu mno 15 pac-
TEHHUH KaXI0ro u3 TpuHaAnaTu oopasuos, Ha JJOC BUP u
AOC BHUP — 1o 20, na BOC BUP — o 40 u nra KOC BUP —
o 60 pacTeHuil. Yuer pa3BUTHS KOPHUYHEBOH (Ipearosno-
JKUTEJILHO aJIbTEPHAPHO3HOM) MSTHUCTOCTH BBINOJIHSIN Ha
Tpex cranmusax: KOCC BUP, AOC BUP u BOC BUP. Yyer
CTETICHN TIOpakeHHs pacTeHui BocbMu 06pasnos Ha KOCC
BUP c unrepsasiom 10 nHeit npogomkuim 10 20 ceHTsOpst.

Pe3ynbratbl

Ha nucThsix Tyapa BBISBICHBI Pa3JIMYHbIE MSATHUCTOCTH,
B OOJBIIMHCTBE CilydaeB 0€3 pa3BUTOTO CIIOPOHOIICHUS
(tabm. 1). B oOpasne u3 AcrpaxaHy Ha OTHOM ITSITHE OTMEUCHO
OYCHB CKYJHOE CIIOPOHOIICHHUE TPHOOB pona Ascochyta Lib.
Ha Heckonpkux 0Opasiax oOHapyKeH HaJIeT CarpoTPOPHBIX
BunoB posnoB Cladosporium Link u Alternaria. 3 nopa-
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Alternaria leaf blight

N.V. Alpatieva, O.V. Putina, E.L. Gasich of clusterbean
Table 1. Micromycetes detected on clusterbean plants
Experimental Description Micromycetes
station OFthe SAMPple

detected by microscopic
examination

of herbarium material

Dagestan
Experimental
Station of VIR

Alternaria sp.,
Cladosporium sp.

Kuban
Experimental
Station of VIR

Krymsk

Experimental
and Breeding
Station of VIR

Astrakhan
Experimental
Station of VIR

Volgograd
Experimental
Station of VIR

JKCHHBIX TKaHEH JINCThEB OBUIM BBIAEICHBI MUKPOMHIIETHI,
SIBIISIIOLIMECS. B OCHOBHOM canpoTpodaMu WiIH CladbIMU
naroreHaMu: Alternaria sect. Infectoriae, Alternaria sect. Al-
ternaria (A. tenuissima (Nees & T. Nees : Fr.) Wiltshire, 4. ar-
borescens E.G. Simmons, Alternaria sp.), Stemphylium sp.,
Trichoderma sp., Ulocladium sp., Fusarium equiseti (Corda)
Sacc., F. acuminatum Ellis & Everh., F. sporotrichioides
Sherb., Phoma sp., Rhizopus sp.

Crnenyer 0co00 OTMETUTH, YTO TPHUOBI poxa Alternaria
(npeumymiecTBeHHO A. tenuissima) ObUTM 0OOHApPYKEHBI U
JIOMHMHUPOBAJIM BO BCEX aHAJIM3UPOBAHHBIX 00pa3liax, B TOM
YHUCie ¢ HETUITUYHBIM CHMITOMOM «KOPWUYHEBAs MATHHC-
TOCTH» (MEJIKHE BBINTyKJIbIe Oypble msTHA). Tak, mpu aHa-
nu3e 97 GparMeHTOB MOPAXKEHHBIX TKaHEH C THIUYHBIMU
CHUMIITOMaMH aJIbTEpPHAPHO3a W KPAaeBBIMU ISATHAMU THIIA
COJIHEYHBIX O’)KOTOB BBIJIENICHO 89 M30JI5TOB MUKPOMHIICTOB,
cpeu KoTopbix 71 — rpudsl pona Alternaria, 16 — Fusarium,
1 — Trichoderma, 1 — Ulocladium. I1pu sxcrieptuze 62 ¢par-
MEHTOB TKaHEH ¢ KOPUUHEBOH MATHUCTOCTBIO cpenu 43 BbI-
JICJICHHBIX KOJIOHUH uieHTHUuupoBaH 31 H30isiT rpudoB
pona Alternaria, 8 — Fusarium, 2 — Phoma, 1 — Ulocladium,
1 — Stemphylium.

C MOMOIIBI0 MUKOJIOTHYECKON IKCIIEPTH3bI U3 TTOPAKEeH-
HBIX TKaHEH JHCThEB, COOPaHHBIX BO Bcex (ummamax BUP,
ObUTH BBISIBIICHBI JIMIIb MEIIKOCHOPOBBIC TpHOBI Alternaria
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Alternaria tenuissima, Alternaria sect. Alternaria,
Stemphylium sp.

Alternaria sect. Alternaria (A. tenuissima),
Alternaria sect. Infectoriae

Alternaria sect. Alternaria,
Fusarium equiseti, F. acuminatum

Alternaria sect. Alternaria (A. tenuissima,
A. arborescens), Fusarium equiseti, Phoma sp.

Alternaria sect. Alternaria (A. tenuissima),
Alternaria sect. Infectoriae, Ulocladium sp.

Alternaria sect. Alternaria (A. tenuissima),
Fusarium equiseti

Alternaria sect. Alternaria (A. tenuissima),
Fusarium equiseti

Alternaria sect. Alternaria (A. tenuissima),
Ulocladium sp., Fusarium equiseti,
F. sporotrichioides, F. acuminatum

W HE Hal/IeH KPYITHOCTIOPOBBIN CIICIHATA3UPOBAHHBIN BH/T
A. cyamopsidis. ITOT maToreH u3 cexiuu Porri XopoIio oT-
JUYAETCSI OT MEITKOCIIOPOBEIX BUOB IO MOP(OIOTHIECCKIM
MIpHU3HAKAM, OJTHAKO B CHJIY CIIyYaiHBIX MIPUYHH (HalIpuMep,
ciabasi Ipe/ICTaBIeHHOCTh B HCCIIEIOBAaHHBIX 00pa3iax) Mor
OBITh HE IETEKTHPOBAH.

C uenpro uaeHTHQUKANUU A. cyamopsidis TPOaHATH3H-
POBaHBI YETHIPE aMIUTMKOHHBIE OUOIHOTEKH (parMeHTOB
pubdocomansHBIX oriepoHoB rpubdoB (ITS2). B kauecTBe MaT-
PHUIBI UCIIOJIB30BATM OYHINCHHEBIN MpenapaT CyMMapHOU
JIHK, xotopast Obuta BbIAeNIeHA U3 TIOPAKEHHBIX JIMCTHEB
ryapa, coOpaHHBIX Ha MoceBax 4eTbipex ¢uiamanoB BIUP.
MeTon BBICOKOITPOU3BOAUTEIFHOTO cekBeHUpoBaHus (NGS —
New Generation Sequences), B OTJIHYHE OT TPAIUIIUOHHOTO
cexkBeHUpOBaHUA 10 CoHTEpY, TO3BONSAET IMONYyYUTh U TIPO-
AHAM3UPOBATH THICSYH TIOCICIOBATEIIBHOCTEH W BBIIBUTH
BapUaHThI, IPCACTABJICHHBIC 1aKE B CJICJOBBIX KOJIUYCCTBAX.
WzBectHo, uTo SNP 1 nenermu B ucciuemryeMoM (pparmeHTe
JTAI0T BO3MOXKHOCTBH U] epeHIInpoBaTh BUIBI U3 CEKIIUU
Porri ot npyrux npencrasureneit pouna Alternaria (Pavon et
al., 2011; Woudenberg et al., 2013, 2014).

Jus xkaxnoit u3 ersipex mpod JJHK Oputo momydeHo u
MpoaHaan3upoBaHo okoio S0000 HYyKIEOTHUAHBIX MOCIEN0-
BaresnbHOCTEN. Jlomsa Alternaria spp. nocturana 53.6 % ot
o0Iiero yucna BBISIBIEHHBIX OpraHu3MoB. Hu B ogHOM M3
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A. tenuissima KF280443.1
A. tenuissima KF308827.1
A. arborescens JN634832.1
Kuban population (1)
Krymsk population (1)
Astrahan population (1)
Kuban population (2)
Kuban population (3)
Kuban population (4)
Astrahan population (5)
Kuban population (6)
Volgograd population (7)
Kuban population (7)
Astrahan population (7)
Krymsk population (7)
Krymsk population (8)

A. cyamopsidis MH858995.1

FRRPRRERERRREERERER R R

A. tenuissima KF280443.1 111
A. tenuissima KF308827.1 111
A. arborescens JN634832.1 111

Kuban population (1) 111
Krymsk population (1) 111
Astrahan population (1) 111
Kuban population (2) 111
Kuban population (3) 111
Kuban population (4) 111
Astrahan population (5) 111
Kuban population (6) 111
Volgograd population (7) 111
Kuban population (7) 111
Astrahan population (7) 111
Krymsk population (7) 111
Krymsk population (8) 111

A. cyamopsidis MH858995.1 111

A. tenuissima KF280443.1 216
A. tenuissima KF308827.1 216
A. arborescens JN634832.1 216

Kuban population (1) 216
Krymsk population (1) 216
Astrahan population (1) 216
Kuban population (2) 216
Kuban population (3) 216
Kuban population (4) 216
Astrahan population (5) 216
Kuban population (6) 216
Volgograd population (7) 216
Kuban population (7) 216
Astrahan population (7) 216
Krymsk population (7) 216
Krymsk population (8) 216

A. cyamopsidis MH858995.1 221

2019
23:6

AnbTepHapuno3Hble
NATHUCTOCTM ryapa

Fig. 1. Sequence alignment of the Alternaria spp. nuclear rRNA intergenic spacer (ITS2) 5.8SrRNA - ITS2 - 28SrRNA.
Kuban, Krymsk, Astrakhan, and Volgograd designate micromycetes revealed in leaf samples collected in VIR branches KES VIR, KEBS VIR, AES VIR, and

VES VIR, respectively.

Genbank accessions KF280443.1 and KF308827.1 (A. tenuissima), IN634832.1 (A. arborescens) and MH858995.1 (A. cyamopsidis) are chosen as reference sequences
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). 1-8: sequence variants found in the samples examined.

MCCIIEZIOBAaHHBIX 00pa3IioB HE OOHAPY)KEH CIHEIHAIN3HPO-
BaHHBIN MaTOTeH A. cyamopsidis. Bce HaliieHHBIC TTOCIISTO-
BaTelIbHOCTH Alternaria spp. okazamuch Ha 98—100 % cxomHbI
C MEJIKOCIIOPOBBIMH BUAAMHU A. tenuissima u A. arborescens
u3 cexuyn Alternaria (puc. 1).

[Tomumo Alternaria OblTH OOHAPYXKEHBI TOCIICIOBATEIIb-
Hoctu Cladosporium Link, Toxicocladosporium Crous &
U. Braun, Phoma Saccardo, Stemphylium Wallr, Botrytis
P. Micheli ex Pers, Fusarium Link, Rachicladosporium
Crous, U. Braun & C.F. Hill, Pyrenochaeta De Not, Scle-
rostagonospora Hohn, Chalara Rabenh, Phacidium Fries,
Typhula (Pers.) Fr. u Peyronellaea Goid. ex Toglian, emend.
Aveskamp, Gruyter & Verkley, T. e. 13 ponoB, KoTopbie MOTYT
coziepKaTh c1abonaToreHHble 1 canpoTpodusie rpudst. [Tpn-
cyrctBue JIHK MUKpOMUIIETOB pa3HBIX TUIIOB CBSA3AHO C TEM,
yto JIHK BeIensnn n3 cymmapHoi HaBeckn 10—20 nucThes,
XapaKTePHU3YIOLIUXCS MAKCUMaJIbHBIM Pa3HOOOpa3ueM THUIIOB
JIMCTOBBIX MSITHUCTOCTEH.

B matu unmanax BUP onenmmm nmopaxkeHHocTs 13 06-
Pa3LoB ryapa «THITUYHOM» aJbTepHApHO3HOH MITHUCTOCTHIO.
O6pasnsl k-52568 (Aprentuna) u k-52569 (ITakucran)
XapaKTepU30BaJINCh YCTOMUMBOCTHIO K abTEPHAPHO3Y BO
BCEX ITyHKTax n3ydeHus (Tadm. 2). OcranbHble HOPMEL, Ipo-

SIBUBIINE yCTOWYNBOCTh B OJHOM WJIM ABYX ITyHKTaX, OKa3a-
JIMCh BOCHPUMMYHBBI Ha JIPYTHX OIBITHBIX CTaHIMAX. Tak,
HaunbOosee ycrorunbiii Ha AOC BUP obpaserr k-52584 mipo-
SBHJ pe3ucTeHTHOCTh U B ycnoBusix KOCC BUP n BOC
BUP, omnaxko 011 BoctipuumuuB B Jlarectane u va KOC BUP.

OOHapy>keHbI pa3yinuusi MeX,y o0pa3liaMu U 10 YCTOM-
YHUBOCTH K KOPUUYHEBOH aJIbTEPHAPUO3HOM MATHUCTOCTHU
(tabn. 3). B ycnosusix KOCC BUP naubosee BoICOKHH ypo-
BEHb PE3UCTEHTHOCTH BBISIBIICH Yy 00pa3ia K-52568, KoTopblii
B Cpe/IHEH CTeneHn mopaxxancs B AcTpaxaHu u Boirorpaze.
HawuGoee BocipuMUYMBBIME BO BCEX HKOJIOTO-Teorpadude-
CKHX 30HaX OKa3ajuch o0pasibl ryapa u3 CIIA.

JluHaMyKa pa3BUTHA JBYyX THIIOB aJIbTEPHAPHO3HBIX ISIT-
HHUCcTOCTeH (puc. 2, a, 6) pa3nuyaiach: HaOmMonaNM Cyle-
CTBEHHOE YCHJICHUE CHMIITOMOB «THIIMYHOW ajbTepHapH-
O3HOM MSTHUCTOCTH, HE3HAUYUTEIHHOE M TUIABHOE — KOPHU-
HEBOW IMATHUCTOCTH. TeM HE MEHee YpPOBEHb HMOPaKCHHS
pacTeHuil K KOHILy Ce30Ha B 000MX CIIydasx OKazajcs CXOXK:
1.6-2.8 Oana.

Pe3ynbraTbl MOHUTOPHHTA CTETIEHN MOPAXEHHS 00pa3IoB
ryapa CBHJETEIILCTBYIOT O BO3MOXKHOM JudhepeHnnaisHOM
B3aNMOACHCTBHIH F€HOTUTIOB BO30YINTENeH aJsTepHApHO3a U
pacteHuit. {71 IpOBEPKH 3TOTO MPEIIITOIOKEHHS MOy YCHHBIC
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Table 2. Damage score of clusterbean accessions by typical Alternaria leaf blight in five VIR branches

VIR accession Name Origin Mean damage score

number DESVR  KESVIR  KEBSVIR ~ VESVR  AESVR
5 2 568 ....................... N 0 .......................................... A rg ent, n a .............................. 0 6 0 a* ............ 0 73 abc ......... O 40 ab ........... 1 20 b ............. 0 6 5 bc .........
5 2 569 ....................... N 0 .......................................... P ak,stan ................................ 0 6 5 ab ........... 0 72 abc ......... 0 67 ab ........... 1 08 ab ........... 0 3 0 Cde .......
5 2 571 ........................ N 0 .......................................... C n m ea ................................... 0 75 abc ......... 0 87 de ......... 0 80 6 ............. 2 08 e ............. 0 80 Cde .......
52572 Vavilowskiy130 | Krasnodarkray - 130d  077abcd 067ab  160cd  085cde
5 2 573 ....................... Ku ba nsk, y .............................. 1 1 0 . c d ............ 0 63 a .............. 0 67 ab ........... 105 ab ........... 0 95 de .........

52574vector .................................... 1 OOde ......... 0 633 .............. 0 47ab ........... 143c .............. 0 95de .........

52575 ....................... 5 mus Osoabc .......... 0 Soade ....... 0 60ab ........... 1003b ........... 0 70de .......

52580 ....................... NO .......................................... Rostovob|ast ....................... 1 0 0 de ......... 0 72 abc ......... 0 47 ab ........... 145 C .............. 0 90 Cde .......

5 2 581 ........................ NO .......................................... 1 0 5 . c d ............ 0 67 ab ........... 0 33 a .............. 108 ab ........... ]05 e ...........

52584 ....................... 5 antacruz ............................ Un |ted5tates ........................ 1 35 d ............. 0 90 Cd ............ 0 47 ab ........... 103 ab ........... 0 30 a ............

5 2585 ....................... Kmm an .................................. 1 2 5 d ............. 0 97 d ............. 0 40 ab ........... 0 98 a .............. 0 50 ab .........

5 2586 ....................... |_eW|S ...................................... 1 3 0 d ............. O 33 ade ....... 0 47 ab ........... 178 d ............. 0 65 bc .........
s7a2 Kubanskiy Yubileynyy  Krasnodarkray 105¢d  072abc  053ab  098a  10e

* Here and below, the differences between the variants marked with identical letters within the columns are nonsignificant (Duncan’s multiple range test,

p <0.05).

Table 3. Damage score of clusterbean accessions by brown Alternaria leaf blight in three VIR branches

VIR accession Name Origin

number
52568 ........................ N .c.) ............................................... /.\ rgentma ................
5 2 5 69 ........................ N o ............................................... p aklsta n ...................
52571 ......................... N .(.) ............................................... C nmea .....................
52572 Vavilovskiy130 | Krasnodar Kray
52573 ........................ K ubansk,y ................................
52574vector ......................................
5 2 5 75 ........................ 5 mus ........................................
5 2 5 30 ........................ N 0 ............................................... R ostovobbst ..........
52581 ......................... N .6 .............................................
5 2 5 84 ........................ 5 a ntac,-uz ................................. U n ,tedSta tes ..........
52535 ........................ K mman ....................................
52586 ........................ |_ eW,S ........................................
s742 Kubanskiy Yubileynyy | Krasnodar Kray

JTaHHBIE OBLTH 00pabOTaHBI C MOMOIIBIO AHCIIEPCHOHHOTO
aHanM3a. AHAIN3UPOBAIH JIBYX(haKTOPHBINA KOMIUICKC: BapbU-
pOBaHUeE 110 TEHOTHIaM aTOTEHOB (TIATh MYHKTOB U3yU€HHS)
U 1o reHoTHIaM pacteHui (13 obpasmos). Hanbonee nuTe-
PECHBII pe3yabTaT JTUCTIEPCHOHHOTO aHan3a — Aupdepen-
[MaJIbHOE B3aUMOJICHCTBHE T€HOTUIIOB PACTEHUI U rpuOOB
(tabm. 4). luciepcus st B3aMMOJCHCTBHUS B HAILIEM CITydae
B 5.41 pasa npeselaeT cayvaiinyto. [lonapHoe cpaBHEHHE
CTeleHN NopaxkeHus o0pasioB ryapa B punmanax BUP BbI-
SIBUJIO aHAJIOTUYHBIE PA3INYMs B YETBIPEX CIIydasx U3 MTH:
Fpaer. = 3.76-13.86, Fy 5 = 1.78. He pasnuvanuch no Bu-
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Mean damage score

KEBS VIR VES VIR AES VIR
................... 113a235c115cde
240C ......................... 185ab ...................... 14oef .....................
ZOObC ...................... 175ab ...................... 0 75abc ..................
................... 187bc180ab125def

107a233c ......................... 0 soab ....................
147ab290e ......................... 170f .......................
180bc ....................... 195b ........................ 150ef .....................
207bC265de ...................... 0 40a .......................
193bc228c ......................... 110cde ..................
................... 193bC275e090de
247c250cd ....................... 175f .......................
213bc288e ......................... 2 509 ......................
ZOObC ...................... 168a ......................... 155ef .....................

pynenTHOoCcTH numib matoreHsl Ha KOC BHUP u KOCC BUP
(Fpar, = 1.32, Fy 5 = 1.78).

[Ipenmnonoxunu Taxke pa3Indus M0 BUPYJICHTHOCTH MEX-
Tty TprdamMu, KOTOPBIE BBI3bIBAIOT KOPHUHEBYIO aIbTEPHAPHUO3-
HYIO IIITHACTOCTB, B Tpex (rmanax BUP. B nannom ciryuae
AQHaIM3UPOBAIM BapbUPOBAHHE O MEHOTHUIAM PacTEeHUH
(13 06pas31oB) U 1O TEHOTHIIAM TTATOTEHOB U3 TPEX ITyHKTOB
n3yuenus. Jlucnepceus A B3auMozencTsus B 8.14 pasa npe-
BBILIAET CJIy4allHYIO0, 4TO yOeIUTEeNbHO JOKA3bIBACT CIIEIH-
(DMIHOCTH OTHOIICHUH Mapa3uT—pacTeHUe-X034uH (Talr. 5).
JuddepennnanbHoe B3aMMOACHCTBUE BBISIBICHO U NPHU
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Fig. 2. Dynamics of clusterbean accession damage by (a) typical and (b) brown Alternaria leaf blight in Krymsk.

Table 4. Analysis of variance for damage of clusterbean accessions by typical Alternaria leaf blight in five VIR branches

Variation Sum of squares

Degrees of freedom  Dispersion

In the interaction between plant 59.29 48 1.24 5.41 1.37
and pathogen genotypes

Residual 207.60 910 0.23 - -
Total 341.75 974 - - -

Table 5. Analysis of variance for damage of clusterbean accessions by brown Alternaria leaf blight in three VIR branches

Variation Sum of squares Degrees of freedom  Dispersion Frakt Fos
|np|antgenotype ....................................... 5 659 .............................. 12472 ................................. 9 77 .................... 177 ..................
| n . pathogengenmy pe ............................... 1 0953 ............................ 2 ...................................... 5 479 .............................. 11349 ................ 3 01 ...................
| n . themteract. on betw e en p|ant .............. 9 429 .............................. 2 4 ................................... 3 9 3 ................................. 8 14 .................... 15 4 ..................

and pathogen genotypes
Res|dua| ........................................................ 2 6350 ............................ 5 46 ................................. 0 48 ................................. S
Tota| .............................................................. 5 2406 ............................ 5 34_ ..................................... S

MOMIAPHOM CPAaBHEHUH CTETIEHH MOPa)XKeHHs 00pa3IoB ryapa
B (punmanax BUP Bo Bcex aHaNMM3MPOBABIIMXCS CIIydasx
(Fpar, = 4.47-12.14, Fy 5 = 1.78).

O6cyxpeHue

Ha nucThsx ryapa BO Bcex IMyHKTaX M3Y4YEHHS OTMEUYEHO
YMEpEeHHOE Pa3BUTHE MSTHUCTOCTEH. B OonmbImmHCTBE City4yaeB
CHMITOMBI TOPKEHNUS OBLTN XapaKTEePHBI TS aJIbTEPHAPHO3a
(okpyryble OexeBble MATHA C KOHIIEHTPUYECKOI 30HANBHO-
CTbI0), BBISIBIICHBI CITy"an MTOPAKEHUS PACTEHHUH rpudamMu 13
ponoB Ascochyta, Cladosporium u np. IloBcemecTHO OblITa
pacnpocTpaHeHa «KOPHYHEBasl MATHUCTOCTEY» (MEJIKHE BbI-
MyKJTbIe OypBIe CIMBAIOIIMECS IISITHA), Y psiia 00pa3IoB mopa-
JKEHHUE TOCTHTalIo Tpex 6aimioB (10 50 % muiomnmaan ImcToBoi

MMOBEPXHOCTH). Pe3ynpTaTel MUKOIOTHYECKON SKCIIEPTU3HI
«IpOOIEMHBIX» 00pa3IoB JUCTHEB, COOPAHHBIX B (HIIHATAX
BUP, HeckoJIbKO HEOKUTAHHO TTOKA3aJIu, YTO B OCHOBHOM T10-
paskeHHe TKaHeH IncTa 00yCcIOBICHO TPHOOM A. tenuissima
(cwm. Tabm. 1). BersiBiieHa 1 cOITy TCTBYTOIIAst MHKO(IIOpa (TIpe-
JKJIe BCero, rpudbl poxa Fusarium), npudeM (UTOMATOTCH-
HBIN TaHAmadT BO BCEX 30HAX BBIPAIIMBAHUS T'yapa BecbMa
CXOXX. B TOJNEBBIX YCIIOBHSIX CTEIIEHb OPAXKEHHS PaCTCHUI
KOPHUYHEBOH MATHUCTOCTBIO B Hauaje aBrycTa IpeBbllIana
MOPaYKeHHOCTD T'yapa «THITIHYHBIMY» alTbTePHAPHUO30M, OJJHAKO
K KOHITy CE€30HA 3TH Pa3IH4Hs HUBEINPOBAJIHCE.

W3BecTHO, 4TO BUJIBI KOMIUIEKCA A. alternata, K KOTOPOMY
OTHOCHTCS W HamOoJee paclpoCTpaHEHHBIN BUA A. tenuis-
sima, CyIECTBYIOT B MPHUPOAE NMPEUMYIIECTBEHHO KaK ca-
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poTPOdbI ¥ YacTO OECCUMIITOMHO ITPUCYTCTBYIOT B CEMEHAX
pactenunii. OHAKO MHOTIA OHH BBI3BIBAIOT CHIILHBIE MACCOBBIE
3a00JIeBaHUs PA3IMYHBIX PACTCHMH, B TOM YHCIIC TIICHUIIBI,
IO/ICOJIHEUHHKA U Jp. BeposiTHo, Takne 3a0oneBaHus cBsiza-
HBI C OTIPEJIETICHHBIM COYETaHNEM ITOTOJHBIX, d0a(niecKkux u
arpoTEXHUYECKUX (PaKTOPOB, CHIDKAIONIMX UMMYHHTET pac-
TEHHH U OJIATONPUSATCTBYIOIINX Pa3BUTHIO naroreHoB (I'aH-
Huoam, 2011). Bunumo, B Hamem cirydae TOBCEMECTHOE pas3-
BUTHE A. tenuissima ObUIO CIIPOBOIIMPOBAHO 3aCYILINBBIMHU
YCIIOBHSIMU.

C moMomIp0 BEICOKONIPOU3BOJUTEIHHOTO CEKBEHHUPOBA-
HUSI, KOTOPOE ITO3BOJISIET WACHTH(GHUIIMPOBATH OPraHU3MBI,
MIpECTaBICHHBIE JJaJKe B CJIEAOBBIX KOJIMYECTBAX, yAaJIoCh
UACHTU(UIUPOBATH NMATOT€HHBIE TPUOBI, OTHOCSIINECT K
14 pomam. Bee HaiiieHHBIE ITOCIIENOBATEIIEHOCTH Alternaria
okaszanuch Ha 98—100 % cxoaHbI ¢ MENKOCTIOPOBBIMY BUIAMU
A. tenuissima u A. arborescens. K coxxanenuto, aHaIu3npo-
BaBIIMUiCcs (parmenT sipepHoro reaoma 5.8SrRNA — ITS2 —
28SrRNA ne nozsossier quddepeHunpoBarTh 3T BUIbI.

WHTEpecHO, YTO MOCIeI0BaTEIbHOCTH KPYITHOCTIOPOBOTO
Buna A. cyamopsidis Hamu He oOHapy eHbI. B To e Bpems
MMEIOTCSI MHOTOYMCIICHHBIE TyOJIMKaIHY, I1e 00CykKaaercs
B3aHMOJICHCTBHE I'yapa TOJIBKO C 3THUM CIIELHATN3HPOBAHHBIM
naroreHoM (Saharan et al., 2001; Joshi et al., 2004; Meena et
al., 2012), BpeIoHOCHOCTb KOTOPOTO BBICOKa BO BCEX 30HAX
BeIpamuBanus (Kumar, 2005; Woudenberg et al., 2014). Pe-
3yNBTaThl Halle paboThl CBUAETENLCTBYIOT 00 OTCYTCTBUH
9TOro naroreHa B Poccuu, oJHako MOXHO OXKHIATh 3aHOCA
MH(EKINH ¢ UHTPOAYINPYEMBIM CEMEHHBIM MaTepHAIOM.

3aknioyeHune

DKCIIepUMEHTHI TIOKA3aJIH, 9TO 00pas3Ilbl Tyapa pa3indaioTcs
M0 YCTOHYMBOCTH K aJbTEPHAPHO3HBIM IS THUCTOCTSIM, MTPH-
YeM 3Ta yCTOMYMBOCTh CHEUU(PHUYHA. DTO 03HAYAET, YTO JJIsI
IpefoTBpalleH!s dSNUGUTOTHIH ClieqyeT co3aBaTh COpTa,
3aIIMIIECHHBIE Pa3HBIMUA F€HAMH YCTOWYMBOCTH. OUeBHIHO,
BBISIBJICHHOE HamK JuddepeHnansHoe B3auMOIeHCTBHE C
PACTEeHUEM-XO35IMHOM XapaKTepHO ISl JOMHHHPOBABIIETO
BUIA A. tenuissima. B mateparype ecTb CBEICHUS JIUILb O CIIe-
U(GUIHOCTH OTHOILIEHUH ryapa U Bo30yauTesst OakTeprosa
X. axonopodis pv. cyamopsidis (Vijayanand et al., 1999; Kaur
et al., 2005), omHako muddepeHraIPHOS B3aNMOICHCTBHE
ryapa u A. cyamopsidis He 00CyKIaeTCsl.

O06pa3sip! k-52568 (Apreatuna) u x-52569 (ITakucran) xa-
paKTEepHU30BAIUCh 0oJiee UK MEHEe BBIPAKCHHOH yCTOHYH-
BOCTBIO K aJIbTEPHAPHUO3y BO BCEX IIYHKTax usydyeHus. B yc-
nosusix KOCC BUP naubonee BBHICOKHM YpOBHEM pPE3HC-
TEHTHOCTH K KOPHUYHEBOI allbTePHAPUO3HOM MATHHUCTOCTH
ommuacst odopasen k-52568, KOTOpbI B cpeHel CTereHH
nopakasicst B Acrpaxanu u Bonrorpaze.

[pakTuyecku Bce U3ydeHHbIE GOPMBI FeTEPOreHHBI MO
YCTOWYMBOCTH K QJIETEPHAPUO3Y, U PE3UCTEHTHBIE K 00JIe3HU
JUHAA MOTYT OBITH OTOOpAHBI W3 OOJBINEH YaCTH KOJIIEK-
IIMOHHBIX 00pa3noB. Tak, HaMu cOOpaHbI CeMEHA pacTeHUI
o0pasna k-52573, KOTOpbIe He UMEJIH CUMITTOMOB [TOPAYKCHUS
Ha KOC BUP, AOC BUP (x-52580) 1 BOC BUP (x-52571).
[Tony4yeHuble TUHUK OynyT WCHBITaHBI Ha fore Poccum.
K cokaneHuto, Cpok «I10J1€3HOM JKU3HU» HCTOUHUKOB YCTOM-
YHBOCTH OTPAaHWYEH B CHJIY CIEHU()UYHOCTH OTHOLICHUH
napasuT—xo3auH. HeoOxoaquMo BOBIICUEHHE B CEIICKIIHMIO
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BO3MOYKHO OOJIBIIET0 YHCIIa TEHETHUECKH Pa3HOPOAHBIX 00-
Pas3IOB U paIlOHAIIEHOE UX UCIIOJIE30BAHNE.
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Localization of rust resistance genes in old local Russian flaxes
by methods of classical genetics
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Flax rust, a disease that destroyed a significant portion of the yield before the creation of resistant varieties, is
currently defeated, but it can cause new outbreaks as identical resistance genes are used in breeding. Since only
one of the allelic genes can be introduced into a variety, the aim of this work is to identify genes for resistance
to the disease in lines selected during the evaluation of old Russian flaxes from the VIR collection. The original
accessions were added to the collection in 1922, that is, before the release of breeding varieties, so their
genes are of natural origin. The analysis was performed on an artificial infectious background by methods of
classical genetics, including the test for allelism. Nine monogenic lines with the original R genes were crossed to
tester varieties for six loci: K, L, M, N, P, and Q. F, hybrids in the phase of cotyledon leaves were inoculated with
monopustule clones of the fungus, not virulent to any of evaluated genes. Gene allelism was checked by the
absence of the segregation. It was exactly proven that R genes of the k-716 line from the Pskov kryazh (gc-32)
and the k-780 accession from the Minsk oblast (gc-33) were located in the P locus, the gene of the k-846 line
from the lvanovo-Voznesensk oblast (gc-39) was in the M locus, and the gene of the k-834 line from the Vladimir
oblast (gc-38) probably belonged to the K locus. The segregation in the crosses of all testers to the k-630 line from
the Simbirsk oblast (gc-25) showed that its gene was not allelic to any of the known loci. Probably, there was a
formerly unknown locus. The location of the other genes failed to be identified due to the linkage between loci N
and P and the presence of several resistance genes in some lines. The gene in gc-9 was in either M or K locus; and
the genes of gc-34, gc-40, and gc-46 were located in P or K. Since all the evaluated genes were original, the genes
of these lines were different alleles of the identified loci.

Key words: flax rust; resistance genes; localization of genes; linkage; allelism.
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JIoKanmu3ainys reHOB VCTOIUMBOCTY K p3KaBUlHe
YV CTapOMEeCTHBIX POCCUICKIUX JTIbHOB
MeTOoJaMMI KIacCUUYeCcKoii reHeTUKU

C.H. Kyrysoga, E.A. TTopoxoeutosa @, H.B. Bpau, A.B. [Taros

DepiepanbHblii NCCNeRoBaTENbCKUI LIeHTP BCepoccninckmin MHCTUTYT reHeTUYecKnx pecypcoB pacteHumin um. H.W. Basunosa (BUP),
CaHkT-lMeTepbypr, Poccua
&) e-mail: e.porohovinova@vir.nw.ru

P>kaBunHa nibHa — 6071e3Hb, KOTOPAsA YHOCWNA 3HAUNTENbHYIO YacTb Yporkas A0 CO3AaHNA YCTONUMBbIX COPTOB, B
HacTosLlee BpeMA NobexxaeHa, 0OAHaKO MU NCMob30BaHN B CENEKLNM UAEHTUYHbBIX FeHOB YCTONYMBOCTY MOTYT
BO3HMKaTb HOBble AMUPUTOTUN. OCKONbKY B COPT MOXKET ObiTb BBEAEH TONIbKO OfWH 13 afifIeNbHbIX FEHOB, LieSiblo
HacTosALleln paboTbl 6bina NonbiTka NAeHTUGMKaLUM FeHOB YCTONUMBOCTY K 60NE3HM Y IMHWIA, BblAENeHHbIX NPy
oueHKe Konnekuun BUP, n3 ctapoMecTHbIX poCCUMNCKMX NbHOB. icxofHble 06pasLbl MOCTYNUAN B KOANEKLMIO B
1922 r., T.e. 4O Hayana pacrnpoCcTpaHeHNA CeNeKLMOHHbIX COPTOB, MO3TOMY UX F€Hbl UMEIOT eCcTeCTBEHHOe Npo-
ncxoxaeHve. AHanv3 NPoBOAMIN Ha UCKYCCTBEHHOM MHPEKLNOHHOM GOHe MeToaMu KNacCUYeCcKom reHeTrKY,
MCMob3yA TeCT Ha annenusm. [leBATb MOHOTEHHbIX IMHUIA, 0611afatoLWwmx OpUriHanbHbIMK R-reHamu, 6binun ckpe-
LeHbl C copTamu-TecTepamu wectn nokycos K, L, M, N, P n Q. Tnbpuabl F, B ¢pasy cemanonbHbIX MMCTbeB 6binn
VNHOKYNMPOBaHbl MOHOMYCTYSIbHbIM KIIOHOM rpr6a, aBUPYSIEHTHbIM KO BCeM U3yyaBimmca reHam. O6 annenbHo-
CTV FeHOB CyAWSY MO OTCYTCTBUIO pacluenneHns. TOYHO onpeaeneHo, Yto R-reHbl Y IMHWIA 13 MNCKOBCKOro Kpska
K-716 (rk-32) n obpasua n3 MrHckomn obnactn K-780 (rk-33) pacnonoxeHbl B TOKyce P, reH fMHuM u3 MisaHoBo-
Bo3HeceHcKom 06nacTu K-846 (rk-39) — B nokyce M, a reH nnHUM 13 Bnagummpckon obnactu K-834 (rk-38), BeposT-
HO, OTHOCUTCA K Nokycy K. Mpwu ckpelymBaHum nuHum ns Cumburpckon obnactu K-630 (rk-25) co Bcemn Tectepamm
NOKYCOB MOMyYEHO pacLiernsieHne, O3Havalollee, YTo STOT reH He ajsiesieH H OfHOMY 13 M3BECTHbIX JIOKYCOB.
BepoATHO, cylecTByeT eLie OfMH HEN3BECTHbIN NOKYC. PacnonoxeHve Apyrmx reHoB TOYHO YCTAHOBUTb He yaa-
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Jlokanusaumsa reHoB yCTONUYMBOCTY K PXKaBUMHe
Y CTapOMECTHbIX POCCUIACKMX JIbHOB

Nocb 13-3a CLennieHna mexay nlokycamu N 1 P, a TakxKe NpUCYTCTBMA B HEKOTOPbIX JIMHWAX MO HECKOMbKY reHOB
YCTONUMBOCTH. [eH YCTONUMBOCTY TK-9 pacnonoxeH nnbo B nokyce M, nnbo B K, reHbl rk-34, rk-40 u rk-46 — B P
unu K. NocKosnbKy BCe 13yyaeMble reHbl OPUTMHasbHbI, FeHbl STUX IMHWUIA ABAAIOTCA Pa3HbIMU anenaMmn ycTaHoB-

JIEHHDbIX JTOKYCOB.

Kniouesble cnosa: P>KaBYMHa N1bHa; reHbl yCTOVILWIBOCTVI; NoKanmsauynAa reHoB.; cuensieHne; anesibHOCTb.

Introduction

Flax rust is a serious disease that destroyed a significant part
of the crop in Soviet Union in the last century. Its most de-
structive epiphytotics occurred on the American continent
(Flor, 1964) and gave an impetus to the intensification of its
genetic investigation, search for immune forms, and breeding
of resistant varieties (Flor, 1946, 1956). By now, it has been
discovered that the resistance of cultivated flax Linum usitatis-
simum L. to rust Melampsora lini (Pers.) Lev. is controlled by
32 genes located in six loci (K, L, M, N, P, and Q) consisting
of closely linked or allelic genes (Islam, Mayo, 1990). Genes
of locus L in variety Ottawa 770B and M in variety Dakota
were discovered by W.M. Myers in 1937; genes N in Bombay;
P in Koto, and K in variety Klay were found by H.H. Flor
(Flor, 1947, 1955). Gene Q was discovered by us (Kutuzova,
Kulikova, 1989) in Russia, and identified in variety Natasja
(Kutuzova, 1994).

Flor found out that resistance genes are characterized by
multiple allelism (Flor, 1941, 1947, 1954, 1955; Flor, Com-
stock, 1972). Among the varieties bred in America, 11 alleles
of'the L gene (locus L) have been found: L/-L8,L10,and L11.
Allele LY was identified in Australia, in the generally suscep-
tible American variety Bison (Kerr, 1960).

Six alleles were found in locus M. Flor (1947, 1954) iden-
tified five alleles of gene M in North America: M/ through
MS5. Allele M6 was found in Argentina (Zimmer, Comstock,
1973).

Two alleles were found in the N locus: N/ and N2 (Flor,
1947, 1955).

Six alleles are known for locus P: genes P/—P3 were iden-
tified by H.H. Flor (1955); gene P4, by D.E. Zimmer et al.
(Zimmer, Compstock, 1973) in North America; genes PJ
and P6, by G.B. Kerr (1960) in Australia.

Two alleles are known in locus K: gene K was identified by
H.H. Flor (1955) in North America and allele K/ was found
in Canada (Hoes, Kenaschuk, 1986).

The QO gene, which is not identical to genes L, M, N, P, or K,
was mapped to the new Q locus. It is effective against all races
of the Russian fungus population (Kutuzova, 2014), as well
as against the tested races of Australia and North America
(Islam, Kutuzova, 1990).

As early as the middle of the 20th century, it was found
that all genes in locus L were linked rather than allelic (Flor,
1947). In addition, it was shown that loci K, L, M are inherited
independently and loci N and P are linked (Flor, 1962, 1965).
Kerr (1960) found that the distance between loci N and P
was 9.5 cM. Flor (1962) determined the distance between
genes N and P3 to be 15 ¢cM. However, later it was shown
that gene K/ was located on the same chromosome as the N
and P genes, and the recombination rate was 25 % (Hoes,
Kenaschuk, 1986).

Evaluation of the resistance of varieties carrying these
genes in different countries showed that some of them had
additional genes. In particular, the P5 gene was found in

variety Ottawa 770B in Australia (Kerr, 1960) and India
(Misra, Prasada, 1966) in addition to the L gene. Gene P6
was identified in variety Kenya (gene L4) in Australia; the
same gene was found in variety Bolley Golden (L/0), and
the L9 gene (P) was discovered in variety Koto (Kerr, 1960).
In India, an additional L9 gene was found in already tested
varieties: Dakota (M), Ward (M2), Cass (M3),Victory A (M4),
Polk (N1), Koto (P) and C. I. 1888-8 (P4) (Misra, Prasada,
1966). In Russia, the O gene is allelic to the resistance genes
of varieties Kenya (L4), Bombay (), Polk (N/), and Klaus
(K) (Kutuzova, Kulikova, 1989).

Around that time, the complicated structure of rust resis-
tance loci was revealed. It was discovered that in locus L genes
L, L2, L5, and L6 were closely linked or allelic (Flor, 1962).
In the opinion of M.R. Islam and K.W. Shepherd, genes in
locus L are allelic and their products may differ by one amino
acid. Also, in their experiments the relationship between genes
and expression of many of them depended on temperature and
the presence of inhibitor genes in some lines (Islam, Shepherd,
1991). Linkages were also found in the M locus between
alleles M1 and M4 (Lawrence et al., 1981) and between M
and M3 (Hausner et al., 1999b). According to M.R. Islam, all
genes in this locus are closely linked, and gene M is influenced
by inhibitor genes /-/ and /-2 (Islam et al., 1989).

Modern methods of molecular genetics allowed discovering
the structure and features of R gene expression. It was found
that the L locus is a single gene with 13 allelic variants (L,
LI1-L11,and LH), which can be distinguished by the response
to different races of the pathogen. Loci N, M, and P have a
more complicated structure and consist of 4—15 or 68 tandem
paralogs (Ellis et al., 1999; Dodds et al., 2001a, b; Lawrence et
al.,2010). Unique DNA fragments marking genes L2, L6, L9,
L11 (Hausner et al., 1999a); P and P2 (Dodds et al., 2001b);
gene M3, effective in Canadian environment (Hausner et al.,
1999b), and gene M4, effective against the majority of rust
pathogen races in China (Bo et al., 2008) were discovered.
Currently, 19 genes have been sequenced (11 in locus L,
3in M, 3 in N, and 2 in P), and a partial homology between
sequenced genes located in different loci has been proven
(Ravensdale et al., 2011). The size of these genes is about
4500 bp, and their products are about 1200 aa (Lawrence et
al., 1995). Each gene consists of four exons and three introns
(Lawrence et al., 1995; Anderson et al., 1997; Dodds et al.,
2001a, b). Thus, despite of the extensive study of the genes
responsible for flax resistance to rust, there is no clear view
of their structure and location in the genome.

The proteins encoded by rust resistance genes, which con-
trol the signal transmission about the infection within the cell,
belong to the class of TIR-NBS-LRR proteins. Their amino
terminal regions contain the LZ domain, leucine zipper, in
most cases belonging to the TIR family (Toll/Interleukin-1
Resistance), and the nucleotide-binding site (NBS). The car-
boxy terminal region is enriched with imperfect leucine-rich
repeats (LRRs) (Hammond-Kosack, Jones, 1997). The LRR
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domain of a protein molecule is horseshoe-shaped. It consists
of leucine-enriched repeats (xxLxLxx motifs, where L is
leucine and x is any amino acid) of 24-30 aa each, and is re-
sponsible for R-Avr interaction (Kobe, Deisenhofer, 1995; cit.
ex: Ravensdale et al., 2011). The differences between alleles of
one gene relate mostly to leucine-rich domains. In particular,
the products of genes P2 and P differ in the replacement of
10 amino acids in four xxLxLxx motifs of the LRR domain.
Differences among products P, P, P2, P3, and P4 are also
related to the LRR domain (Dodds et al., 2001b). Protein pro-
ducts of genes L6 and L/ differ in 32 amino acids in the LRR
domain (Ellis et al., 2007; cit. ex: Ravensdale et al., 2011).

Products of the flax R genes can be divided into two sub-
classes, differing in the presence of a domain at the C-end of
CNL, which is not enriched with leucine, and the homology
of'the LZ domain to TIR. The first subclass includes the L, M,
and, possibly, N loci, which have the TIR-NBS-CNL structure
(Dodds et al., 2001a). Products of genes L and M also have an
N-terminal hydrophobic site, probably responsible for anchor-
ing to the membrane, which supposes their location inside the
cell (Ellis et al., 2007; cit. ex: Ravensdale et al., 2011).

Another feature of genes L6, M, N, but not P, is alternative
splicing, which results in the formation of two products: full-
size and truncated (Dodds et al., 2001a, b). For example, the
most part of the LRR domain is missing from the truncated
product of the L6 gene, and there is a short C-terminal end.
This situation is explained by the translation of only part of
the third intron and the termination of exon 3 and 4 translation
(Lawrence et al., 1995; Dodds et al., 2001a, b).

Thus, the specificity of rust resistance genes may be caused
by changes in different parts of their sequences and the ac-
cumulation of various mutations. The accumulation of both
“neutral” mutations and ineffective alleles of these genes
is indicative of long coevolution of flax and rust. The high
polymorphism of the R genes at sites of “specificity’” may point
to a high frequency of mutations, which holds the promise
of finding new genes (alleles) not described in the literature
thus far.

Methods of molecular genetics allowed description of the
structural features of R genes, but the effectiveness of genes
against the pathogenic fungus and their breeding value can be
determined only by genetic and phytopathological methods.
That is why another aspect of the work with disease resistance
in plants is the analysis of the diversity of the pathogen races.
It was previously found that the standard set of differentiator
lines developed by Flor (1955), ambiguously distinguished
local races of the pathogen from different regions of Russia.
For instance, with this set T.V. Krylova identified 5 races
among 45 monopustule isolates of the fungus collected in
18 flax-cultivating regions of Russia. Addition of four extra
differentiators from local varieties allowed identification
of 13 more races (Krylova, 1981). In our experiments with
Flor’s differentiators we managed to identify 6 races among
50 clones. Addition of three monogenic lines isolated from
local Russian flax to the standard set allowed identification
of five more races (Kutuzova, Kulikova, 1985).

The existence of six loci for resistance to flax rust allows
the inclusion of six or more resistance genes in the variety
due to the complex structure of some loci and the linkage of
genes N and P. This result can be achieved by step hybridiza-
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tion between monogenic lines with resistance genes located
at different loci or by crossing of two lines having two or
three resistance genes. For example, the resistance of variety
Rio C. 1. 280 is controlled by four genes: L6, M, N1, and P
(Flor, Comstock, 1972).

With regard to the fact that in the course of breeding only
one of the allelic rust resistance genes can be introduced to a
variety, the mapping of the genes is necessary to avoid waste
of time and money and eliminate the risk of new epiphytotic
provocation.

The objectives of the current experiment included an at-
tempt to apply classical genetic methods to map rust resistance
genes found in old Russian hill kryazhes and local accessions,
which are part of the oldest group of flaxes in the VIR world
collection gathered in 1922—-1923, before the release of breed-
ing varieties. Lines isolated from them have genes controlling
not complete but satisfactorily high resistance and can be suc-
cessfully used in the creation of convergent and multilinear
varieties more resistant than monogenic ones. Currently, genes
L1,L3,1L4,L6,L8, L10, M2-M6, N, N1, P, P1, P3, P4, P6,
and K (identified in oilseed flax on the American continent)
and gene Q (identified in Russia) are highly effective against
rust in Russia (Kutuzova, 2014). Genes of old local Russian
varieties are likely to be the primary sources of flax resistance
to rust throughout the world, because Europe and America
purchased the seed material from Russia for centuries.

Materials and methods

Experiments were conducted with 19 relatively rust-resistant
inbred lines from the VIR flax genetic collection. The lines had
been selected from heterogeneous and somewhat susceptible
accessions of old Russian flaxes that included few resistant
plants. They were raised and maintained at artificial isolation.
Test crosses of the selected lines showed that each of them had
one dominant gene of resistance with rather high efficiency:
resistance against 70—100 % of virulent clones isolated from
local populations of the fungus (see the Table). This was
inferred from the results of infection with 50 monopustule
fungus clones. Tests of the genes for their response to infection
with five clones of M. /ini showed that they all were unrelated
(Kutuzova, 1981).

Identification of R genes was carried out by classical genet-
ics methods including the allelism test. Evaluated lines were
crossed to tester lines for each of the six known loci (genes)
of resistance (L, M, N, P, K, and Q). The F, plants were grown
in a greenhouse in winter. For segregation account, F, seeds of
each hybrid combination, its parental lines, and the universally
susceptible variety were sown in rows in boxes. The numbers
of required F, seeds were calculated with regard to the ex-
pected number of R genes and possible allelism of N and K
to Q. Plants were inoculated in the cotyledon leaf phase with
a fungus clone avirulent to all tested genes except L, which is
practically ineffective against the local Russian population of
the fungus. Plants were sprayed with water from a spray gun,
spores of the fungus mixed with talc were applied to each plant
with a brush, and a wet chamber was arranged for a day. The
results of infection were assessed after 8-10 days in case of
well-developed mycelium on the susceptible standard variety.
The absence of segregation from the hybrid meant allelism of
genes between the analyzed and tester lines.
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F, segregation for resistance against Melampsora lini in hybrids of analyzed monogenic lines
with tester varieties for loci K, L, M, N, P, and Q
Line, putative locus Percentage Varieties differentiating rust races, genes
p VP E
Slorr‘::; viruien Ottawa 770B,  Bombay, Dakota, Koto, Clay, Natasja,
L N, Q M P K, Q Q
gc-9 line 1-1-1 from k-467 100+2 35:6 325:5 268:0 73:2 359:0 74:0
Vologda oblast, M or K ¥2=235 ¥2=0.00 ¥2=0.59
1 gene 3 genes 3 genes
gc-25 line 4-1 from k-630 98+2 40:6 302:7 97:2 185:2 319:2 103:6
Simbirsk oblast, X or L x2=3.51 x2=0.99 x2=3.02 x2=03 x2=1.84 y2=228
1 gene 3 genes 2 genes 3 genes 3 genes 2 genes
gc-32line 2-1 from k-716 78+5.9 45:7 346:7 77:7 110:0 236:6 76:5
Pskov kryazh, P ¥2=3.69 ¥2=041 x2=0.62 ¥2=132 ¥2=0.00
1 gene 3 genes 2 genes 3 genes 2 genes
gc-33 line 2-1 from k-780 84+5.2 41:7 331:4 118:4 159:1 340:7 75:3
Minsk oblast, P ¥2=278 x2=0.30 x2=1.84 ¥2=0.91 2 =047 ¥2=0.77
1 gene 3 genes 2 genes 3 genes linkage 3 genes 2 genes
gc-34 line 2-1 from k-791 98+2.0 35:8 279:13 74:8 103:0 350:0 83:8
Gomel oblast, Por K 2 =0.94 x2=161 =172 ¥2=1.00
1 gene 2 genes 2 genes 2 genes
gc-38line 2-1-1 from k-834 96+2.7 35:5 279:6 80:9 79:6 359:0 92:0
Vladimir oblast, K ¥2=3.33 ¥2=0.55 x2=227 ¥2=0.09
1 gene 3 genes 2 genes 2 genes
gc-39 line 2-1-1 from k-846 94+34 43:8 355:9 124:0 114:4 335:8 83:5
Ivanovo-Voznesensk oblast, M ¥2=236 ¥2=1.96 ¥2=1.65 ¥2=132 ¥2=0.05
1 gene 3 genes 2 genes 3 genes 2 genes
gc-40 line 1-1 from k-867 86+4.9 35:6 312:5 86:3 206:0 321:0 86:0
Votskiy kryazh, P or K ¥2=235 ¥2=0.00 x2=1.26
1gene 3 genes ¥2=1.83
2 or3 genes
gc-46 line 5-1-3 from k-944 96+2.7 37:8 371:2 77:4 106:0 270:0 101:0
Tyumen, Por K ¥2=125 x2=1.87 x2=0.24
1 gene 3 genes 2 genes

Results

Since variety Ottawa 770B, which tests locus L, is susceptible
to almost all races of the Russian rust populations, the fungus
clone that we used in this study revealed one dominant gene
in the tested flax line in each hybrid combination. None of the
identified genes is an allele of locus L (see the Table).

In crosses of the line selected from accession k-467, Volog-
da oblast (gc-9), to variety Bombay (genes N and Q), segrega-
tion of three genes was noted. This indicates the absence of
allelism between the gene of the tested line and loci N and O
and the presence of gene P, linked to N. The segregation of
three genes in the hybrid of the same line to variety Koto
confirms the presence of gene P, linked to NV gene, and another
gene specific for the line itself. The absence of segregation
in F, hybrid populations of this line with varieties Dakota
(locus M) and Clay (loci K, Q) can be explained only by the
fact that the resistance gene present in line gc-9 is located
either in locus M or in locus K, or both of them are present.
The absence of segregation in hybrid populations from crosses
of line gc-9 to varieties Clay (loci K, Q) and Natasja (gene Q)
suggests the probability of the location of the tested line gene
in locus Q, but the segregation in its hybrid to Bombay (loci
N, Q) refutes this suggestion.

Segregation was observed in crosses of gc-25, from k-630,
originating from the Simbirsk oblast, to the testers of all
known loci. With all this, hybrids to varieties Koto (locus P)
and Bombay (N, Q) showed a linkage between genes N and P.
This result can be explained by assumptions that the gene of
this line is an effective allele of locus L or there is a previously
unknown locus. According to M.M. Levitin and I.V. Fedorova
(1972), flax has at least eight loci responsible for resistance
to rust agent races. Experiments conducted in the Soviet
Union (Krylova, 1981; Kutuzova, Kulikova, 1985) showed
that the set of differentiator lines created 35 years ago could
not convincingly discriminate the races of the fungus. Fiber
flax is a crop that since ancient times is widespread in Russia
from the western border to the Pacific coast. It was brought
from Russia to Europe and America later, and it is reasonable
to expect that in Russia there should be the greatest diversity
of resistance genes to this pathogen, more than the known set
of loci identified in linseed in other countries can house. Flax
rust is known in Russia since 1885. It became widespread in
the early twentieth century (Yachevsky, 1911), which boosted
the search for highly efficient resistance genes.

The F, hybrid of gc-32 selected from k-716 (Pskov oblast)
to variety Koto (locus P) showed no segregation. It means that
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the R gene of this line is located in locus P. This suggestion
was supported by the expected segregation in crosses to testers
for loci N, M, K, and Q.

In the hybrid population obtained by crossing the gc-33 line
selected from k-780 (Minsk oblast) to variety Koto (gene P),
only one rust-susceptible plant was found. This fact, most
likely caused by a crossing over, indicates that the gene of
the tested line is linked to locus P (16 cM), and, correspond-
ingly, is also linked to gene N. This was proven by one-gene
segregation in the hybrid to variety Ottawa 770B (locus L).
In F, hybrids to tester varieties for loci NO, M, KQ, and Q,
the expected segregation was noted.

Line gc-34, selected from accession k-791 (Gomel oblast),
gave an expected segregation for two genes when crossed to
tester varieties for loci NQ, M, and Q. With testers for loci P
and KQ, no segregation was found. This can be explained by
the fact that the K/ gene is linked to genes N and P, as found
by Hoes and Kenaschuk (1986). Perhaps the gene of this line
is located in the P or K loci and is allelic to K/.

In crosses of line gc-38, selected from k-834 (Vladimir
oblast), to the testers for loci NQ, M, and P, the expected
segregation was obtained. There was no segregation in hy-
brids to KQ and Q testers. But since the hybrid with Bombay,
having genes N and Q, demonstrated the absence of allelism
between the resistance gene of the evaluated line and locus O,
we have but to suppose that the size of the hybrid population
with variety Natasja was insufficient for analysis, and the
gene of gc-38 was located in locus K and was an allele other
than that in gc-34.

The segregation of hybrids between line gc-39, selected
from k-846 (Ivanovo-Voznesensk oblast), and testers for all
resistance loci, except for variety Dakota, indicated that the
gene of this line is located in the M locus.

As shown by previous analysis, the gene of line gc-40,
selected from k-867 (Votskiy kryazh), is not located in loci
N or M. There was no segregation in F, hybrids between this
line and testers for loci P, KQ and Q. As already shown, the
resistance gene of this line cannot be located in locus Q. The
possibility of the location of N and P on the same chromo-
some as locus K (Hoes, Kenaschuk, 1986), may explain the
absence of segregation in crosses to varieties Koto and Clay.
It suggests that the resistance gene of gc-40 is located either
in locus K or P. The rust resistance gene of this line was re-
peatedly used by breeders to create rust-resistant varieties. As
our research shows, varieties Belorusskiy 1 (k-6601), Uspekh
(k-6818), and some other modern varieties are protected by
an identical gene (Kutuzova, 2012). A significant part of rust
resistance donors created at VNIIL and available for breeding
are also protected by an identical gene, inherited from variety
Uspekh (Rozhmina, 1988), and this fact should be taken into
consideration when using them.

The segregation in the cross of line gc-46, selected from
k-944 (Tyumen), is very similar to the results of the previous
line. Probably, the gene of k-944 belongs to another allele of
the same locus: K or P.

Thus, classical genetic methods are insufficient for unam-
biguous mapping of rust resistance genes in all old Russian
flaxes. The work is also hindered by the linkage between loci
N and P.

654

Localization of rust resistance genes
in old local Russian flaxes

Conclusion

In this work, we discovered that most of the resistance genes
in evaluated lines are located in loci P and/or K. It was exactly
determined that the R gene of line gc-32, selected from k-716
(Pskov oblast), is located in locus P, linked to N. The gene
for rust resistance in line ge-33, selected from k-780 (Minsk
oblast), also belongs to locus P (linkage was confirmed in
our experiment), and the resistance gene in line gc-39 from
k-846 (Ivanovo-Voznesensk oblast), being effective against
94 % of the fungus races, belongs to locus M. The resistance
gene of line gc-38 from k-834 (Vladimir oblast), is probably
located in locus K. The positions of other genes could not
be clearly identified. Perhaps, the use of molecular methods
would clarify their identity.

The lines with genes P and K should be used in breeding
with caution, because it is unknown which of these genes is
already quite widespread in the varieties bred in Russia. How-
ever, with regard to the linkage of genes N and P, as well as
the association of gene O with loci N and KX it is difficult to
predict which genes (or gene) may be inherited by the hybrid.
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Molecular-genetic marking of Brassica L. species
for resistance against various pathogens:
achievements and prospects
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Cruciferous plants belonging to the genus Brassica of the Cabbage family (Brassicaceae) are cultivated as vege-
tables, oilseeds and forage crops; they occupy one of the first places in Russia in the gross yield of vegetables. The
yield of cabbage crops is adversely affected by various pathogens, including bacterial, viral and fungal infections.
The diseases such as black rot of cabbage (caused by the bacterium Xanthomonas campestris pv. campestris), downy
mildew (caused by Hyaloperonospora parasitica), Turnip Mosaic Virus (TuMV) are not included in the list of quaran-
tine diseases in the territory of the Russian Federation and Eurasian Economic Union (EAEU), but they can affect a
part of the sown area and lead to significant (up to 100 %) crop losses. The development of cultivars resistant to
these pathogens is an important trend in Brassica crop breeding in addition to existing methods of agrotechnical
and chemical protection. The development of molecular marker techniques and marker-assisted selection (MAS)
methods makes it possible to significantly increase the efficiency of breeding resistant cabbage cultivars. The re-
view contains information on the currently known genes and quantitative trait loci (QTLs) associated with resis-
tance to black rot, downy mildew, and TuMV. Molecular mapping data for resistance genes of Brassica species are
shown. The molecular markers (RFLP, AFLP, SSR, EST, SNP, InDel, SLAF and others) closely linked to the resistance loci
and SCAR-, STS- and dCAPS-markers derived from them for molecular screening are listed. The use of the markers
reviewed to assess the Brassica accessions and lines can help the researchers in finding sources and donors of
pathogen resistance of cabbage crops.

Key words: Brassica; resistance; Xanthomonas campestris; Hyaloperonospora parasitica; TuMV; MAS; QTL.
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JOCTVDKeHUS U IIEePCIEKTUBBI MOJIEKVYISIPHO-TeHEeTNUeCKOro
MapKUPOBAHMS VCTOMYMBOCTY K HEKOTOPBIM ITaTOreHaM
VvV BUOOB poza Brassica L.

®.A. Bepercen @, O.I0. Autonosa, A.M. AprembeBa

DepiepanbHblii NCCNEROBATENbCKUI LIEHTP BCepoCCUNCKI MHCTUTYT reHeTUYeCKrX pecypcoB pacteHunin um. H.W. Basunosa (BUP),
CaHkT-TeTepbypr, Poccua
® e-mail: fberensen@gmail.com

KpecTouBeTHble pacTeHus, oTHocALWmMeca K popy Brassica cemeiictBa KanycTHble (Brassicaceae), Bo3penbiBatoTca
Kak OBOLLHble, MaclIyHble N KOPMOBbIe KynbTypbl. B Poccuiickon Gepepaviivi OHM 3aHUMALOT OAHO U3 NePBbIX MeCcT
no BanoBoMy c6opy oBoLelt. Ha ypoxxaliHOCTb KanyCTHbIX KyNbTyp HEraTVBHO BAUAIOT Pa3fINyHble NaToreHbl, B TOM
yncne 6akTepuranbHble, BUPYCHbIE U rPrbHble nHbeKLmKn. Takne 3a6oneBaHusA, Kak COCyANCTbIN 6akTepunos (Bo36oy-
autenb Xanthomonas campestris pv. campestris), NOXXHaa My4HUCTaa poca, unu nepoHocnopo3s (Hyaloperonospora
parasitica), Bupyc mo3auku TypHenca (Turnip Mosaic Virus — TUMV), xoTa 1 He BXOAAT B CMNCOK KapaHTUHHbIX 60-
nesHew Ha TeppuTopumn Poccuinckon ®epepaumnm n EBpasminckoro skoHommuueckoro cotosa (EASC), Ho moryT nopa-
»aTb YaCTb MOCEBHbIX MIOWAAEN 1 NPUBOANTD K 3HaUNTENbHbIM (BNIOTb [0 100 %) NOTepAM TOBapHOW NPOAYKLMN.
Co3paHure yCTONYMBbBIX K 3TIM NaToreHaM COPTOB ABMIAETCA BaXKHbIM HanpassieHeM B ceneKkumnn KynoTtyp Brassica,
LOMOJTHAIOLLMM CYLLECTBYIOLME METOAbl arPOTEXHNYECKON 1 XMMUYECKON 3aLlmTbl. Pa3BuTME METOROB MONEKYNAp-
HOro MapKMpPOBaHWA N MapKep-BcromMoraTtenbHol cenekuun (MAS) no3BonseT HaMHOTO NOBbICUTb IGPEKTUBHOCTb
oTbopa yCTONUMBbBIX FeHOTMMNOB. B 0630pe paccMOTpeHbl akTyasbHble CBefileHNA 00 N3BECTHbIX reHax W JIoKycax
KonmuecTBeHHbIX Npu3HakoB (QTL), accoLMnpoBaHHbIX C YCTONUMBOCTbIO K COCYAMCTOMY 6aKTepUno3y, nepoHOCMo-
po3y KanycTbl n Bupycy TuMV. MprBeaeHbl faHHbIE O IOKanM3aumm reHoB YCTOMUYMBOCTM Ha MOJIEKYNAPHbBIX KapTax
reHoMOoB BMAOB pofa Brassica (B. rapa, B. oleracea, B. napus, B.carinata), pa3paboTaHHbIX C ICNONb30BaHNEM Pa3HbIX
TUNOB MonekynApHbIx MapkepoB (RFLP, AFLP, SSR, EST, SNP, InDel, SLAF n gp.). CuctemaTtanpoBaHa nHdopmauma
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[locTvKeHnA 1 NepcneKT!BbI MapKNPOBaHNA
YCTOMYMBOCTY K HEKOTOPbIM NaToreHam y BuaoB Brassica L.

0 MOJIEKYNIAPHbIX MapKepax, TECHO CLieMIeHHbIX C TOKyCamy YCTONYMBOCTH, YaCTb 13 KOTOPbIX KOHBEPTUPOBaHa B
SCAR-, STS- n dCAPS-mapKepbl 41 MONEKYNAPHOrO CKPUHMHIA, MPUTrofHble ANA HENOCPEACTBEHHOIO NPYIMEHEHMA
B MpaKTU4ecKoi cenekuyuu. icnonb3oBaHve NnpuBefeHHbIX AaHHbIX AN1A OLEHKM 06pasLoB KynbTyp poaa Brassica
MOXET MOMOYb MCCNeA0BaTENAM B MONCKE UCTOYHUKOB 1 JOHOPOB reHeTUYeCKoM YyCTONYMBOCTY K paccMaTpuBa-
eMbIM 3a60/1eBaHUAM BblpaLyMBaeMbiX KaryCTHbIX KyJbTyp.

KntoueBble cnosa: Brassica; resistance; Xanthomonas campestris; Hyaloperonospora parasitica; TuMV; MAS; QTL.

Introduction

Meeting the people’s ever growing demand for food, feed
and industrial plant products in the world and in the Russian
Federation requires a considerable increase of crop yield and
expansion of crop areas. One of the main ways to increase
yields is searching for methods that could minimize losses
from diseases caused by various pathogens. Biological and
chemical plant protection techniques (fungicides and bacteri-
cides) are costly, often show unstable results in disease control,
and in time induce tolerance in their objects. Besides, chemi-
cal means of disease control are extremely detrimental to the
environment. The most effective and economically justified
tool to resist causative organisms is the use of genetically
resistant cultivars or genotypes with such morphological and
physiological features that preclude infection.

Plants possess efficient mechanisms that enable them to
avoid infections or produce protective responses, thus making
them resistant to a pathogen’s attack. Barriers against infection
may be set up by anatomic and morphological features (plant
habit, leaf pubescence, waxy bloom, arrangement and structure
of stomata, or structure of internal tissues), biochemical factors
(for example, phytoncides, phenolic compounds, or glucosino-
lates), and some specific proteins (PR proteins, plant defensins,
thionines, etc.) (Dyakova, 2017). The most effective protec-
tion, however, is provided by genetic resistance to pathogens.
According to H.H. Flor’s popular ‘gene-for-gene’ hypothesis
(Flor, 1971), resistance occurs when a resistance (R) gene in
the plant recognizes a corresponding specific avirulence (4vr)
gene in the pathogen (McDowell, Simon, 2006).

There are 37 species within the genus Brassica L. Six of
them are cultivated species of vital economic significance;
they are combined in the classical ‘triangle of U’ (Nagaharu,
1935), which includes 3 diploid species: B. rapa L. (AA,
n=10), B. nigra L. (BB, n=38), and B. oleracea L. (CC,n=9)
as well as 3 amphidiploid ones: B. juncea Czern. (AABB,
n=18), B. carinata A. Braun (BBCC, n=17), and B. napus L.
(AACC, n=19). Diverse forms of these species are cultivated
as vegetable, forage, oil and ornamental crops. It has been ob-
served that “in the course of their evolution, diploid Brassica
spp. developed independently, therefore their genomes under-
went various qualitative and quantitative changes, leading to
accumulation and combination of preferable alleles in their
genes, which ensured their survival in the process of natural
selection and shaped their economically useful traits in the
process of artificial selection” (Fadina, 2014, p. 24). Broad
genetic diversity within and between different crops of the
genus Brassica and species of other genera in the family Bras-
sicaceae secures a rich resource of resistance genes against
major pathogens (Walsh, Jenner, 2002; Neik et al., 2017).

The main diseases that inflict mass damage upon the Bras-
sica crops in Russia are: (1) bacterial diseases, such as black
rot or vascular bacteriosis (caused by Xanthomonas campestris
pv. campestris, X. campestris pv. raphani, and X. arboricola)
and slimy bacteriosis (caused by Erwinia carotovora subsp.
carotovora (Jones) Bergey); (2) fungal diseases, such as club-
root disease of crucifers (caused by Plasmodiophora brassicae
Woron.), dark spot (caused by Alternaria brassicae, A. bras-
sicicola and other Alternaria spp.), downy mildew (caused
by Hyaloperonospora parasitica), powdery mildew (caused
by Erysiphe cruciferarum), and blackleg disease (caused by
Leptosphaeria maculans and L. biglobosa); and (3) viral in-
fections, such as us turnip mosaic virus (TuMV), cauliflower
mosaic virus (CaMV), and turnip yellows virus (TuYV).
It should be mentioned that none of the above-mentioned
diseases is included in the Common List of Plant Quarantine
Objects of the Eurasian Economic Union of February 2018,
but they are capable of damaging up to 100 % of crop areas
under crucifers.

In this review, we are discussing three important pathogens
of crucifers, causing a destructive effect on Brassica crops
cultivated in Russia: vascular bacteriosis or black rot, downy
mildew, and turnip mosaic virus. We have chosen the most
harmful diseases among bacterial, fungal and viral infections,
against which biochemical control methods do not bring about
stable positive results, but there are molecular marker systems
developed for relevant resistance genes.

Black rot (vascular bacteriosis)

Black rot is a disease of cruciferous crops caused most fre-
quently by the gram-negative bacterium Xanthomonas cam-
pestris pv. campestris (Pam). Dowson (hereinafter referred to
as Xcc). Cabbage may also be affected by other Xanthomonas
species and pathovars (Ignatov, 2014), differing mostly in the
symptoms of infection and the set of susceptible host plants.
This disease is one of the most harmful for crucifers in the
world. All cultivated Brassica crops are subject to black
rot: turnip, radish, rapeseed, swede, and numerous crucifer-
ous weeds. Within the species B. rapa, the disease is most
dangerous for both root turnips and leafy forms, including
Chinese cabbage (B. rapa ssp. pekinensis) (Artemyeva et
al., 2018).

The pathogen is disseminated by seeds and in recent years
have been inducing epiphytotics in all areas where crucifer-
ous crops are grown, inflicting losses on the harvested plant
produce from 10 to 100 % (Ignatov, 2014). A number of
chemicals have been recommended to protect crops from
black rot (Lazarev et al., 2017), but they are not always as
effective as expected.
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Table 1. Characterization of molecular gene markers and QTL associated with resistance
to black rot in Brassica spp.

QTL/ Chromosome/linkage group Marker Marker type Reference
resistance gene

Xcc Resistant gene - C-111000 RAPD Kaur et al., 2009

o c2 BoCL5989s dot-blotSNP | Kifujietal, 2013
BoCLS5455

XccBo (Reiho)l cs BoGMS1330 SR Tonuetal,2013

XccBo (GO)1 09 CB10459 SSR
i T B
e ey
e P
i s
e P

e i s e
BRQTL-CI_1 co1 BnGMS301 dCAPS Leeetal, 2015
e et p i ——
A i O i
AT i B e
R — et D et T

Ignatov et al., 2000
XccR1d-1XeR1i-T a6 E11M50 280b  AFLP 1 Soengasetal, 2007
E12M48 171
XccRdd-1,XccRai-T E12M61 2156
E12M61 2156
chR412 .................................. A 02 ..................................................... E 11l\/|59_178rAF|_P ...................................
xccR4,3 .................................. A 09 ..................................................... E 121\/[48_1330bAF|_P ...................................
QTL ......................................... A 03 ..................................................... B Rms043 ............................ 5 SR ....................................... A rtemyevaeta|2016 .....
Ao3 ..................................................... B Rmsoso .......................... 2018
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Initially five races of the pathogen were identified; after-
wards their number grew to eleven (Cruz et al., 2017). Xcc
races 1 and 4 are considered the most harmful among them.
In Russia, before 2012, the most widespread were races 1, 3
and 4, but later, for white cabbage and rapeseed, races 5 and 6
became quite threatening (Lazarev et al., 2017). Resistance to
different Xcc races is supposed to be controlled by different
R-genes and QTL. Sources of resistance to major harmful
Xcc races (1 and 4) are mainly associated with the A and
B genomes (B. rapa and B. nigra) and rarely occur in the
C genome (B. oleracea) (Taylor et al., 2002; Vicente, Holub,
2013). At the same time, forms resistant to less pathogenic
races 2, 3 and 6 are frequent enough (Soengas et al., 2007).

B. oleracea (C genome). There are few sources of ge-
netic resistance to the most pathogenic Xcc races (1 and 4)
in B. oleracea. Nevertheless, research efforts to identify and
map R-genes and QTL for B. oleracea are quite intensive.
Molecular maps of this crop’s genome have been developed
independently by several groups of researchers (Kaur et al.,
2009; Kifuji et al., 2013; Tonu et al., 2013; Lee et al., 2015;
Sahaetal., 2016; Iglesias-Bernabe et al., 2019) using different
types of markers (RAPD, SSR, ISSR, dCAPS or SNP). Genes
and QTL of resistance to most pathogenic races 1 and 4 were
found on different chromosomes/linkage groups (Table 1).
For example, Lee et al. (2015) mapped altogether 14 QTL
associated with resistance to Xcc on eight chromosomes out of
nine in B. oleracea, and four of them represented the main loci
affecting resistance in plants. Thus, the control of this trait in
B. oleracea is polygenic by nature. For a number of resistance
genes and QTL, molecular markers, securely linked with them
and associated with resistance, were identified (see Table 1).
Afrin et al. (2018a) tested some of those markers (9 SSR and
1 InDel) on 27 inbred cabbage lines resistant to different races
ofthe pathogen. Comparing the results of molecular screening
and phytopathology tests helped to select five markers capable
of distinguishing resistant forms from susceptible ones. It is
noteworthy that those markers were also distributed among
different chromosomes: BnGMS301 and BoESSR726 were
localized on CO1, BoESSR291 on C03, OI10G06 on C06, and
BoGMS0971 on CO8 (Afrin et al., 2018a).

Xcc resistance genes have also been identified through a
search in the genome of B. oleracea for sequences containing
characteristic domains (LRR, NBS, TIR, etc.). For example,
Afrin et al. (2018b) sought NBS-containing sequences in the
Gene Expression Omnibus (GEO) database and studied their
expression in various plant tissues (leaves, roots, xylems and
stems) of Xcc-resistant and Xcc-susceptible lines. As a result,
they selected 7 loci whose expression was associated with re-
sistance for the line SCNU-C-4118, and two more loci for the
line SCNU-C-3273. A comparison between the sequences of
those loci in resistant and susceptible forms disclosed several
InDels and SNP variants which may be used in the develop-
ment of markers for molecular screening (Afrin et al., 2018b).

B. rapa (A genome). Studying resistance to race 4 in the
B. rapa line GO11 with RAPD analysis resulted in identify-
ing the marker WE22,., associated with resistance to Xcc.
The marker was present in 100 % of resistant dihaploid lines
and genotypes of F,, but was also found in 18 % of suscep-
tible dihaploids. The gene of resistance to Xcc (race 4) in
B. rapa was observed at a distance of approximately 3 cM
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from the QTL responsible for clubroot resistance (Ignatov
et al., 2000).

Soengas et al. (2007) employed AFLP and SSR analyses
to study a splitting population of F, hybrids from crossing
the Xcc-resistant line B162 with the susceptible Ro-18. As a
result, they developed a molecular map of the B. rapa genome,
which included ten linkage groups with the total coverage of
664 cM. A cluster containing two main QTL associated with
resistance to races 1 and 4 was found on chromosome A06,
while linkage groups A02 and A09 carried additional QTL
controlling resistance to race 4.

Microsatellite analysis of two mapping populations of
the doubled haploid B. rapa lines (DH30 and DH38) made
it possible to make a map full of SSR markers (Artemyeva
et al., 2016) and isolate several markers associated with Xcc
resistance (see Table 1). Later, the loci linked with resistance
to different races in the line DH30 were mapped to linkage
groups AO1, A03 and A07, and in the line DH38 to groups
A03, A06 and AO8 (Artemyeva et al., 2018).

B. carinata (BC genome). Using mapping populations
of F, hybrids obtained from the resistant line NPC-9 and the
susceptible line NPC-17, a bulked segregant analysis was
carried out with 41 polymorphic markers (ILP and SSR)
(Sharma et al., 2016). Only three of them (ILP-At1g70610,
ILP-At1g71865 and SSR-Nal4-G02) were able to generate
polymorphic fragments between resistant and susceptible
lines. The resistant locus Xcalbc was mapped at a distance
0f 30.1 cM from the microsatellite marker Nal4-G02, which
had earlier been found on chromosome B07. On this basis,
the authors concluded that the Xcalbc locus was also situated
on chromosome B07.

Thus, plenty of black rot resistance gene markers have been
developed on the B. oleracea crops, which provides a pos-
sibility to screen collections in search of new donors. For the
species B. rapa and B. carinata, the information on mapped
genes and resistance QTL is still limited by now. Further
research efforts are needed in this field.

Downy mildew

Downy mildew is a destructive disease caused by the oomycete
Peronospora brassicae Gaum. from the family Peronospora-
cae. Initially, on the basis of morphological descriptions and
cross-inoculation tests, 52 Peronospora spp. were identified
in crucifers; however, following the results of more recent
studies, all downy mildew causative agents in Brassica crops
were grouped into the single aggregate species Peronospora
parasitica (Pers. ex Fr.) Fr. The modern classification implies
that the name P. parasitica should be reclassified and enter
the genus Hyaloperonospora. The taxonomically correct name
for this causative agent in Brassica spp. is Hyaloperonospora
brassicae (Goker et al., 2009). Under favorable conditions,
H. brassicae can infect up to 50-60 % of cabbage seeds and
reduce the harvest by 16-20 % (Saharan et al., 2017).

By now, different research teams have identified 5 genes
and 4 QTL responsible for the resistance of cruciferous crops
to H. brassicae, which will be discussed below.

B. oleracea (C genome). Downy mildew resistance in cau-
liffower was shown to be controlled by a dominant allele of
the gene called Ppa3 (Mahajan et al., 1995). The Ppa3 gene
was later mapped using a splitting population of backcrosses
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Table 2. Characterization of molecular gene markers and QTL associated with resistance

to downy mildew in Brassica spp.

QTL/ Chromosome/linkage group Marker Marker type Reference
resistance gene
............................................................................................................. Bo/emceaL
QTL ......................................... S U BC359620 .......................... 5 CAR .................................... G ,ovanne||,eta|2002 .....
OPM16750 .........................
Pp5 2 3 ...................................... C 03 .................................................... o PK17980 ............................ RAP D .................................... F annho e t a| . 20 0 4 ...........
OPR15920 ..........................
OPJ'|9550 ...........................
ATCTA133134
Pp5 2 3 ...................................... C 03 .................................................... 5 C“ 9443 ............................. 5 CAR .................................... F annho e t a| . 20 0 7 ...........
5CR15920 ...........................
5CAFB1216 ........................
Pp523 ...................................... C 08 .................................................... C 310139 .............................. 5 SR ....................................... C ar|,ereta|2012 .............
CB10028 .............................
Ppa3_opc14”89 .......................... R APD .................................... 5 ,ngheta|2012 ...............
OPE141881 .........................
| 55 R 23 1 103 ......................... | SSR ....................................
................................................................................................................ BmpaL
BmDMAOS .................................................... K 141030 .............................. R Aprueta|2009 ....................
0”2604 .............................. 5 SR .....................................
BmDMAos .................................................... 5 CK14825 ........................... 5 CARYueta|2011 .....................
k b rbo 0 6C052 ...................... 5 SR .....................................
kbrb058m101 ...................
B,DWAOB .................................................... B rb062|nde|230 ................. | nde| ..................................... |_ ,eta|2011 ......................
B rbog 4 Dra|787 ................... C APS ..................................
Brboo4-Aatlless
Brb043-BglIS
B rhm 9 SNP137 ................... 5 NP .....................................
B,RpHp;A01opA08650 ............................ R APD .................................... K ,meta|2011 ..................
BrpEK153 ............................. 5 (_-AR ..................................
SB,DMAonggozg .............................. 5 prueta|2016 ....................
A08018 .............................
QTLA01A0124655323 ...................... 5 LAFZh,eta|2016 ...................

from the resistant line BR-2. The gene was localized between
the flanking RAPD markers OPC14, ¢4 and OPE14, 4, not far
(26.4 cM) from the marker ISSR-23,, 5 (Singh et al., 2012).
Another team of researchers, while studying a splitting
population of doubled haploids and F, hybrids obtained from
the line USVLO089 of B. oleracea (Italica Group), identified
one more dominant locus of resistance to downy mildew
(Farnham et al., 2002). RAPD analysis of the same population
revealed two markers (UBC359,,and OPM16.,) linked with
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the resistance locus (Giovannelli et al., 2002). To ensure more
stable results, RAPD sequences were converted into SCAR
markers (Table 2).

One more research team identified the dominantly inher-
ited Pp523 gene in the resistant broccoli accession OL87125
(Farinho et al., 2007). The gene was mapped in a population
of F, hybrids using AFLP, RAPD, ISSR and SSR markers
with the LG.3 linkage group. Bulked analysis (19 resistant
and 17 susceptible genotypes per each accession) was em-
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ployed to isolate the markers OPK17yg,, OPJ19,5,, OPR15,,,
and AT.CTA 133/134 flanking the Pp523 gene. The markers
OPJ.1945,and OPR.15,, were sequenced and converted into
SCAR and CAPS markers (see Table 2).

On the basis of the OPJ19.,, and OPR15,,, marker se-
quences linked with Pp523, probes (BoT01 and BoCig) were
developed for screening genomic libraries of B. oleracea,
with isolation of sites containing sequences complementary to
the probes. DNA fragments in the isolated BAC clones were
shown to be located in three different parts of the genome
of B. oleracea: 83 clones were mapped to chromosome C08
near Pp523, 33 clones also to chromosome C08 at a distance
of 60 cM from the resistance gene, and 63 more to chromo-
some CO5 (Carlier et al., 2011). The presence of such trip-
lication supports the hypothesis concerning the existence of
Brassica s hexaploid ancestor some 14—24 million years ago
and the formation of the B. oleracea genome by rearrange-
ments and translocations (Carlier et al., 2011).

The authors later supplemented the obtained map for
B. oleracea by adding 44 SSR markers with a known locali-
zation on chromosomes of the C genome. It enabled them
to correlate the earlier identified nine linkage groups with
nine chromosomes in the B. oleracea genome. As a result,
the Pp523 gene was localized in chromosome C08 and cor-
related with two SSR markers — CB10139 and CB10028
(Carlier et al., 2012).

B. rapa (A genome). Yu et al. (2009) isolated and mapped
the main locus (QTL) of downy mildew resistance in Chinese
cabbage (B. rapa ssp. pekinensis) plants in the sprouting stage,
and it was named BraDM. Using the molecular map devel-
oped by Zhang et al. (2008) and supplemented in their work
with new SSR, SCAR, STS, SRAP and isoenzyme markers,
the authors localized the QTL BraDM on chromosome A0S
of the B. rapa genome. BraDM was shown to be located
within a site of 2.9 ¢cM, which was flanked by isoenzyme and
RAPD markers, PGM (phosphoglucomutase) and K14-1030,
respectively. Besides, the SSR marker O112G04 was found to
be linked to BraDM at a distance of 4.36 cM (Yu et al., 2009).

K14-1030 was later sequenced and remapped as a SCAR
marker — SCK14-825 (Yu et al., 2011). In addition, using
K14-1030 as a probe, Liet al. (2011) isolated from the library
the BAC clone KBrB058M10, which was in association with
the resistance QTL. On the basis of the obtained information,
markers for MAS were developed: the InDel marker Brb062-
InDel,,,, CAPS markers Brb094-Dral.¢,, Brb094-Aatll, and
Brb043-BglllL, 5, and SNP marker Brh019-SNP . All mark-
ers, except Brh019-SNP,., had sufficiently high correlation
with resistance (69.7-74.2 %) (Li et al., 2011).

Besides, the additional SSR markers kbrb058m10-1 and
kbrb006c05-2 flanking the target resistance gene were
developed. Interval mapping showed that SCK14-825,
kbrb058m10-1 and kbrb006c05-2 had high LOD values (23.2,
19.5 and 15.5) (Yu et al., 2011).

The same population as for mapping the main QTL BraDM
was used to isolate six additional QTL affecting downy mil-
dew resistance: 4 major (sBrDMS, yBrDMS, rBrDMS and
hBrDMS) and 2 minor (rBrDM6 n hBrDM4) loci (Yu et al.,
2016). The locus sBrDMS responsible for seedling resistance
was mapped to chromosome A08 and appeared identical to
BraDM. The loci yBrDMS, rBrDM8 and hBrDMS controlled
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resistance at the young plant, rosette and heading stages; they
were also mapped to chromosome A0S in the BraDM region.
The authors arrived at the conclusion that all those loci could
aggregately represent a new dominant gene, BraDMS$.

A dominant downy mildew resistance gene, BrRHPI,
was also identified by Kim et al. (2011) in Chinese cabbage
(B. rapa ssp. pekinensis). Using bulked analysis of mapping
populations, this gene was localized in the AO1 linkage group
close to the RAPD marker OPAOS,,. After sequencing a
650 bp DNA fragment generated by the primer OPAO0S, the
SCAR markers BrPERK15A and BrPERK 15B were develop-
ed. Of these, BrPERK15B revealed polymorphism between
resistant and susceptible parental lines. Besides, six SSR
markers were developed for identification of the BrRHPI
gene (Kim et al., 2011).

One more locus of downy mildew resistance was found on
chromosome AO1 using GWAS analysis, when 960 polymor-
phic SLAF markers were employed to study 202 inbred lines.
The new locus, named SLAFMarker A0124655323, was reli-
ably linked with resistance. Comparing sequences of the locus
SLAFMarker A0124655323 in resistant and susceptible lines
helped to isolate SNP variants and develop KASP markers for
their identification. Their linkage with resistance was higher
than 80 % (Zhi et al., 2016). Thus, the main genes controlling
resistance to downy mildew in both B. rapa and B. oleracea
concentrated in linkage group 8, and additionally, for B. rapa
alone, in group 1. For all identified genes, effective molecular
markers (SCAR and CAPS) were developed for screening. For
B. carinata, as far as we know, no downy mildew resistance
genes were identified or mapped.

Turnip mosaic virus (TuMV)

TuMV was for the first time described in 1921 in the
United States on B. rapa plants, and later, in 1935, in the UK
on B. oleracea (Walsh, Jenner, 2002). Presently, TuMV inci-
dence is registered in all regions of the world. This virus can
afflict all crucifers; it is dispersed by polyphagous aphids, by
seeds, and via infected plant material. The TuMV incidence
in the open field is rated second after cucumber mosaic virus
(Gibbs et al., 2015).

TuMV is one of over 100 species in the genus Potyvirus; it
emerged from a lineage of monocotyledon-infecting potyvi-
ruses about 1000 years ago. Potyvirus virions contain a single
copy of the genome, a single-stranded RNA molecule of about
10,000 nucleotides (Gibbs et al., 2015). A rich diversity of
pathotypes has been found within the virus, and the most wide-
spread among them are pathotypes 1, 3 and 4 (Jenner et al., 2002).

Hypersensitive resistance to viruses in Brassica crops is
mainly characterized by monogenic dominant inheritance
(Fraser, 1992). Extreme and other types of resistance are
controlled by both dominant and recessive genes, the share of
the latter being unusually large (up to 40 %) (Walsh, Jenner,
2002). The resistance controlled through a combined effect
of recessive and dominant genes was described for Chinese
cabbage (Rusholme et al., 2007). Below is the information on
the identified (described) loci and genes of resistance and on
the markers associated with them for different Brassica spp.

B. oleracea (C genome). Screening of B. oleracea culti-
vated types failed to identify any sources of resistance (Walsh,
Jenner, 2002).
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B. napus (AC genome). The dominant 7uRB0OI gene
was the first to be mapped in Brassica; it conveys extreme
resistance to some isolates of TuMV pathotype 1 (Walsh et
al., 1999). The work was done on a mapping population of
dihaploid lines (DH) employing RFLP markers. The TuRB01
gene was localized on chromosome N6 of the A genome,
near the pO120b cluster. The location of 7uRB0! in link-
age group 6 within the A genome of B. napus indicates that
B. rapa may possibly be the source of this gene. The second
locus, TuRB02, which seems likely to quantitatively control
the level of susceptibility to the CHNI isolate, was identified
in linkage group N14 of the C genome (Walsh et al., 1999).

Later the same chromosome N6 of the A genome was used
to map with AFLP and SSR markers the 7uRB03 gene whose
dominant allele ensures resistance to the CDN1 isolate (pa-
thotype 4) and some isolates of pathotype 3 (Hughes et al.,
2003). One AFLP and two SSR markers tightly linked with
the TuRB03 gene were offered for its screening (Table 3).

Other single dominant genes, TuRB04 and TuRB0S5, were
found in the differential rapeseed line 165 (Jenner et al., 2002).
The TuRB04 gene controls extreme resistance to some TuMV
isolates, while TuRB05 is responsible for a hypersensitive or
necrotic response (HR), which restrains systemic dissemina-
tion of the virus. Interaction between 7TuRB04 and TuRB0S5
ensures extreme resistance (possibly, immunity) of B. napus
plants to the TuMV isolates of pathotypes 1 and 3.

B. rapa (A genome). Analyzing a splitting population of
B1S1 backcrosses — descendants of the resistant RLR22 line —
with the use of RFLP and SSR markers resulted in identifica-
tion and mapping of two genes jointly controlling resistance
to pathotypes 4 (CDNI1 isolate) and 3 (CZE1 isolate). The
retr01 gene, with its recessive expression, is located on chro-
mosome A04 and linked with the pN202¢1 marker. The second
gene, dominant ConTR01, was mapped to chromosome A08
between the markers pO85el and pO85e2. The retr(] gene
is the first registered example of a recessive resistance gene
mapped in Brassica plants (Rusholme et al., 2007).

Chinese researchers (Zhang et al., 2008) identified two
more QTL, 7Tul and Tu2, associated with TuMV resistance
at the seedling stage. The 7ul locus was mapped between
the RAPD marker A04-850 and AFLP marker CA_TG270 in
linkage group LGS, and 742 in group LG10. Two additional
QTL, linked with TuMV resistance in adult plants under field
conditions, were localized in groups LG3 and LG4, respec-
tively. Flanking markers for these loci are presented in Table 3.

For bok choi (B. rapa ssp. chinensis), TuMV resistance
genes were mapped by Xinhua et al. (2009, 2011). Af-
ter 180 genotypes of the F, population from the resistant
line Q048 had been evaluated, the bulk analysis of resistant
and susceptible backcrosses (10 genotypes in each bulked
sample) was performed using AFLP markers (36 polymorphic
pairs of primers earlier selected from 240). Monogenic con-
trol of resistance was shown, and the dominant 7uRBCH01
gene was mapped to linkage group R6 between the markers
EaccMctt3 (7.8 cM) and EatcMcacl (20.3 ¢cM) (Xinhua et
al., 2009). Afterwards, the map was saturated with AFLP and
SSR markers, with a total coverage of 1123 ¢cM and an average
interval between markers of 5.43 cM. The TuRBCHO0! gene
was associated with linkage group R06 flanked by the AFLP
markers E36M62-3 and E44M48-1 (Xinhua et al., 2011).
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One more recessive resistance gene, retr()2, was isolated
by Qian et al. (2013) in the F, population obtained from the
TuMV (pathotype C4) resistant line BP8407. At the initial
stage, the authors conducted a bulked segregant analysis us-
ing SSR markers. Parent forms, F, hybrids, and two bulked
samples were examined, involving 10 resistant and 10 sus-
ceptible F, genotypes in each sample. The SSR marker BC84,
localized in scaffold000048, was associated with resistance to
TuMV-C4. To make gene localization more precise, 145 InDel
markers were developed and tested. As a result, 4 polymorphic
ones were selected and put to use in the individual screening of
239 F, representatives. The retr()2 gene was mapped between
the markers BrID10694 (scaffold000060) and BrID101309
(scaffold000104) on chromosome A04. In scaffold000104,
the authors identified by BLAST analysis the Bra035393
sequence, homologous to the sequence AT5G35620 in Ara-
bidopsis (recessive resistance gene /sp). After the Bra035393
locus had been sequenced in 52 resistance and 13 susceptive
genotypes, the authors identified SNP variants associated
with resistance (in exon 3, homozygous resistance forms
all had A at position 455 bp, susceptible homozygotes had
G at this position, and heterozygotes had A and G) (Qian et
al., 2013).

Later, a single-nucleotide insertion (G) was detected at
the exon/intron boundary in resistant forms; it was found to
be responsible for missplicing and non-functional protein
formation (Li et al., 2016). To identify this insertion, dCAPS
and KASP markers were developed, which makes the use of
MAS methods applicable in the selection of resistant forms,
homozygous in the recessive allele of the retr02 gene.

A dominant resistance gene, TuRB01b, that confers im-
munity to the virus isolate UK 1 (pathotype 1 of TuMV) was
identified in the Chinese cabbage cultivar Tropical Delight.
The TuRB01b locus was mapped using RFLP techniques on
chromosome A06 that was flanked by RFLP markers pN101el
and pW137el (Lydiate et al., 2014). Comparative mapping
confirmed that chromosome A06 of B. rapa was equivalent
to chromosome 6 of the B. napus genome and that the map
position of 7TuRB01b is similar to that of TuRB01 or TuRB03
in B. napus (Walsh et al., 1999; Lydiate et al., 2014). Hence,
an assumption was made that 7TuRB01, TuRB01b and TuRB03
represent the same cluster of resistance genes and may even
be allelic (Lydiate et al., 2014).

On the shorter arm of the same chromosome (A06), in the
region flanked by SSR markers H132A24-s1 and KS10960,
one more gene of resistance to TuMV (isolate C4), TuRB07,
was localized while studying the resistant B. rapa line VC1
(Jin et al., 2014). Comparing it with the reference genome
of cv. ‘Chiifu’ revealed that 7uRB(7 was associated with the
Bra018863 gene of the CC-NBS-LRR class.

Thus, TuMV resistance in B. napus was under monogenic
control mainly by isolate- or pathotype-specific dominant
genes (Walsh et al., 1999; Jenner et al., 2002; Hughes et al.,
2003). Contrariwise, B. rapa demonstrated multigenic control
of resistance (additionally to the monogenic one) with broad-
spectrum effect, and genes in that case often had recessive
inheritance (Rusholme et al., 2007; Qian et al., 2013). Pre-
vailing monogenic resistance in B. napus may be explained
by possible emergence of this species from one of infrequent
interspecific crosses between B. rapa and B. oleracea. Since
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Table 3. Characterization of markers associated with resistance to turnip mosaic virus in Brassica spp.

QTL/ Chromosome/linkage group Marker Marker type Reference
IS AT N
B. napus L.
TuRBO7N6po120b ................................ R FLP .................................... Wa|sheta|1999 .............

TuR302N14pw133a ................................ R F|_p ..................................
N14pR”3bNM ........................
TuRBO3N6SNR39355RHugheseta|2003 ...........
N6551949 ...............................
NGEtCMcadAFLP ..................................
w0l R& pNaozel RILP  Rusholmeetal,2007
ConTROI R&  pose2 | RILP  Rusholmeetal,2007
p085e1 ..............................
BmpaL ...................................................................................................................
Tu,LG5A04850 ................................ R APD ................................... Zhangeta|2008 ............
CA_TGZ7OAFLP ..................................
CE3Masar0
STS3-e32m50-447-320  STS
STST-e31mag437
TuRBCHOT  R&  E36Me23  AFP  Xinxuaetal, 2011
R6E44M481 ..........................
R6Eathcac1 .........................
R6Eachctt3 .........................
w2 A4 BiDI06%4  nDel  Qanetal,2013
CBiDI01309
BC84SSR ....................................
CTRBOG  Aos pNiotel 1 R Lydiateetal, 2014
pw137e1 ...........................
TuRsCsor  Asa  BD0723 el Lietal,2014
SAAS_mBr4055_194 SSR
RBO7 A6 HI2A2s1 SR jinetal, 2014
A06K510960 ............................
,et,02A04CAPSBS||CAPSL,eta|2016 .....................
KASPrew02 | kAP
CA_TGz70AF|_p ..................................
CE3MagaT0
STS3-e32ms0-447320 STS
STST-e31mag 437
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B. oleracea failed to manifest extreme forms of resistance,
B. napus could inherit from B. rapa only single resistance
genes (Walsh, Jenner, 2002).

Conclusion

The pathogens discussed in this review seriously affect the
yield of cultivated Brassica crops. Growing resistant culti-
vars is an effective way of infection control. In the past two
decades, application of molecular genetic methods enabled
researchers to identify and map resistance genes in cruciferous
crops, understand principles of their functioning, and develop
molecular markers for their identification.

The size of available information on marker-aided identifi-
cation of the genes controlling resistance to pathogens is not
the same for different Brassica spp. In the cases of B. napus
and B. carinata, resistance genes have been mapped only for
individual pathogens (TuMV and black rot, respectively).
Genes of resistance to black rot and downy mildew are studied
well enough for B. oleraceae, and to all three pathogens for
B. rapa. In view of this, there is a need to go on with research
efforts aimed at identification of new resistance-controlling
genes and QTL and development of new markers to expand
the applicability of MAS methods and introduce them into
Brassica crop breeding practice.

On the whole, however, the number of markers developed
to search for genes responsible for various types of resistance
and efficient for molecular screening is sufficiently large, as
far as the discussed Brassica spp. are concerned. Their intro-
duction into breeding practice could accelerate the selection
of resistant genotypes manifold and ensure pyramiding genes
for resistance.
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Species of the genus Lathyrus L. are known as forage and medicinal plants, widely used in traditional medicine and
homeopathy. The content of protein, essential amino acids and carotene in their green biomass is higher than in
other annual leguminous plants traditionally cultivated in Russia. Until now, the requirements for the crop’s quality
were reduced to a high content of protein and dry matter in seeds and herbage. In-depth biochemical analysis of
accessions from the collection of plant genetic resources will significantly improve selection of source materials for
breeding. Such tasks can be solved using gas chromatography with mass spectrometry in plant diversity studies.
In view of the above, our goal was to analyze organic acids, free amino acids and secondary metabolites in green
biomass of Lathyrus to facilitate comprehensive assessment of its forage and pharmacological value. We analyzed
32 accessions of Lathyrus sativus L., L. tuberosus L., L. sylvestris L., L. vernus (L.) Bernh., L. latifolius L. and L. linifolius
(Reichard) Bassler from the collection of the Vavilov Institute (VIR). The studied Lathyrus accessions had significant in-
terspecific and intraspecific variability both in the composition (presence) and number of the identified compounds.
The analysis of plants across different years confirmed that biochemical parameters depended on weather conditions.
The colder and drier conditions of 2012 contributed to the accumulation of organic acids (mean: 890 mg/100 g), free
amino acids (mean: 201.59 mg/100 g), and secondary metabolites (mean: 84.14 mg/100 g). The range of variability for
organic acids ranged from 140 to 2140, for free amino acids from 11.8 to 610, and for secondary metabolites from 4.4
to 224.6 mg/100 g. Grass pea accessions with high organic acid, free amino acid and secondary metabolite contents
were identified: k-900 (Colombia) for organic acids (2140, 610 and 178 mg/100 g); k-51 (Georgia) and k-959 (Afghani-
stan) for free amino acids (401.29 and 540.63 mg/100 g); k-893 (Eritrea) for secondary metabolites (199.39 mg/100g),
etc. They can serve as source material for the development of cultivars for different uses (forage and medicinal).

Key words: Lathyrus L.; wild species; varieties; green mass; gas chromatography; genetic resource; polymorphism of
characters.
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CpaBHUTENBbHBIN aHAIN3 OUKUX U KYJIbTYPHBIX
BUIOB UMHbI (Lathyrus L.) 110 comep>XaHUIo BellleCTB
IIEPBUYHOTO I BTOPMYHOI'O MeTaboan3mMa
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Buabl popa Lathyrus L. n3BeCTHbI Kak KOPMOBbIE 1 IEKaPCTBEHHbIE PACTEHUSA, UCMOJIb3yeMble B HAPOAHON MeanLunHe
1 romeonatuu. CopepkaHue 6enka, He3aMeHVMbIX aMMHOKUCIIOT U KapoTMHa B 3€M1eHOI Macce YMHbI BbILLE, YeM Y
OPYrX OOHONETHUX 3ePHOG060BbLIX PacTEHUIA, TPAAULMOHHO KyNbTUBMPYeMbIX B Poccru. [lo HacTosALiero BpemeHu
TpeboBaHUA K KaueCTBY KyNbTypbl CBOAMIINCH K BBICOKOMY CoflepXaHuto 6enka 1 Cyxoro BellecTBa B CEMeHax 1 Bere-
TaTVBHOW Macce. Yrny6neHHbI 6MOXMUYECKUii aHann3 o06pasLoB 13 KOMIEKLMM FeHETUYECKIX PECYPCOB PacTeHWI
CyLEeCTBEHHO YNyULIUT OTOOP UCXOAHOrO MaTepuana Ana cenekuyuu. MayueHre pactuTenbHbIX pecypcoB C UCMOofb-
30BaHVIEM METOa ra30BOI XpomMaTorpadum ¢ Macc-CNEKTPOMETPUEN NO3BONAET pelnTb Nogo6HbIe 3agaun. B cBaAzm
C BblLLEeCKa3aHHbIM Hallel Lesblo 6bl1o McCieoBaHre OpraHNYecKnx KUCIoT, CBOGOAHBIX aMMHOKUCIOT U COeAnHe-
HUI BTOPUYHOrO MeTabonv3Ma B 3eM1eHOI Macce UYnHbI A1 BCECTOPOHHEN OLEHKM ee KOPMOBOW 1 dpapMaKosioru-
YyecKkol LeHHocTn. AHanusmpoBanu 32 obpasua Lathyrus sativus L., L. tuberosus L., L. sylvestris L., L. vernus (L.) Bernh.,
L. latifolius L., L. linifolius (Reichard) Bassler n3 konnekumun Bcepoccniickoro MHCTUTYTa reHeTUYeCKNX PecypcoB pac-
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Comparative analysis of Lathyrus L. according
to their primary and secondary metabolite contents

TeHun num. H.M. BaBunosa. M3yueHHble obpasLbl Lathyrus obnaganv 3HaYMTENbHOWN MeXBUAOBOW 1 BHYTPUBUAOBON
MN3MEHUYMBOCTbIO KakK Mo COCTaBy (HanMumio), Tak 1 Mo KONMYECTBY MAEHTUPULMPOBAHHbIX BellecTs. AHann3 pacTeHui
B pa3Hble roAbl NOATBEPANI 3aBUCMMOCTb BUOXUMMYECKNX NOKa3aTene OT MOrofHbIX ycnosuid. bonee xonoaHble n
cyxvie ycnosua 2012 r. cnoco6CcTBOBaNN HaKOMIEHNIO OPraHNYecKux KUcnoT (cpepHee — 890 mr/100 r), cBo6OAHbIX
aMUHOKMCIOT (cpeaHee — 201.59 mr/100 r) n coeguHeHnn BTopuyHoro metabonusma (cpeaHee — 84.14 mr/100 r). na-
Na3oH M3MEHYMBOCTU OpPraHNYecKrX KMCnoT coctasun ot 140 fo 2140, cBo6ofHbIX aMuHoKucnoT — ot 11.8 go 610,
CoeflIHeHNI BTOPUYHOIro MeTabonvama — oT 4.4 no 224.6 mr/100 r. BoigeneHbl 06pasubl YMHbI MOCEBHOM: C NMOBbI-
LLIeHHbIM CofiepXKaHNeM OpraHNYeCcKmX KMCOT, CBOBOAHbBIX aMUHOKUCIOT 1 COeAMHEHNIA BTOPUYHOTO MeTabonnama —
K-900 (Konymb6us) (2140, 610 n 178 mr/100 r), cBo60AHBIX aMUHOKMCNOT — K-51 (Mpy3na) n K-959 (Adranuctan) (401.29
1 540.63 mr/100 r), coegrHeHNI BTOPUYHOIO MeTabonn3ama — K-893 (Sputpen) (199.39 mr/100 r) n gpyrue, KoTopble
MOTYT CY»KUTb NCXOAHbIM MaTepuaniom Ana Co3faHnA COPTOB Pa3HOrO HanpaBfieHNA NCMOMb30BaHNA: KOPMOBOO U

NeKapCTBEHHOro.

KnioueBble cnosa: Lathyrus L.; AMK1e BUAbI; COPTa; 3eNIeHas Macca; ra3oBas Xpomatorpadus; reHeTUu4ecKmne pecypcbl;

nonmmopdn3m nNpu3HaKos.

Introduction

Researching the chemical composition of cultivated plants and
their wild relatives is of crucial importance in both theoretical
and practical contexts. Still vital is the question of seeking new
plants that may serve as sources of bioactive compounds with
remedial properties, and introducing them into agricultural
practice. Lathyrus sativus L., L. pratensis L. and L. tubero-
sus L. have been most comprehensively studied with regard
to their chemical composition and pharmacological charac-
teristics. Biological activity of several chemical components
has been analyzed in L. sylvestris L., L. vernus (L.) Bernh.
and L. niger (L.) Bernh. Wide pharmacological demand for
peavines is induced by their macro- and microelement compo-
sition as well as the presence of flavonoids and a complex set
of essential amino acids (Plant Resources of the USSR, 1987,
2011; Zaichikova, 2002a, b). Lathyrus spp. are also known
as forage plants, outstanding for their high protein content
in seed and herbage (Pavlova, 2001; Burlyaeva et al., 2012).

When peavine cultivars are developed, primary attention is
given to yield, resistance to biotic and abiotic environmental
factors, and the traits that secure their value as animal feed.
Of late, the in-depth biochemical analysis has been used to
solve numerous problems, such as the assessment of cultivar
specificity of seeds (Smolikova et al., 2015; Loskutov et al.,
2016) and study of the effects of domestication processes and
environmental stressors (Konarev et al., 2015; Puzanskiy et
al., 2015), etc. Modern gas chromatography (GC) with mass
selective detection (MSD) techniques make it possible to
examine plant biochemical composition varying with time
and growing conditions (Konarev et al., 2015; Puzanskiy et
al., 2015).

The collection of Lathyrus spp. at VIR contains 2055 acces-
sions; they belong to more than 50 species. Widely represented
in the collection are landraces, cultivars bred domestically and
abroad, and their wild relatives from European Russia, Europe,
Asia, Africa, Australia, etc. For many years, accessions from
the collection have been studied mostly for protein content
in seed and herbage. No in-depth biochemical research has
been undertaken until now to study wild relatives and culti-
vated forms of Lathyrus spp. We have also failed to find any
scientific publications where variations in the biochemical
composition of peavine green biomass were analyzed under
different weather conditions.

When peavine cultivars are developed for feed, food and
medicinal purposes, emphasis is placed by breeders on raising
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the content of nutrients and secondary metabolites in green
biomass. In view of this, the goal of this research was to study
the biochemical composition of Lathyrus green biomass for
comprehensive assessment of its forage and pharmacologi-
cal value. Research objectives included analyzing inter- and
intraspecific polymorphism of biochemical characters in
Lathyrus spp., assessing the effect of weather conditions on
the analyzed parameters, and identifying most promising ac-
cessions for breeding practice.

Materials and methods

The experiment employed 32 accessions of six Lathyrus spe-
cies from the VIR collection: grass pea (L. sativus), flat pea
(L. sylvestris), spring pea (L. vernus), heath pea (L. linifolius),
everlasting pea (L. latifolius), and tuberous pea (L. tuberosus),
grown in 2012 and 2013 in fields of the Pushkin Laboratories
of VIR in the vicinities of St. Petersburg. Plants were grown
on one-meter plots (1 m?) in two replications (the plots were
situated in one and the same place), on naturally irrigated
soddy-podzolic soil. Standard agricultural practices for row
crops adopted at VIR (Vishnyakova et al., 2010) were applied.
Weather conditions in the growing seasons were contrasting.
In 2012, the total of active temperatures was 1885.0 °C, with
total precipitation of 340.7 mm. In 2013, the total of active
temperatures was observed to rise to 2474.3 °C, with total
precipitation going up to reach 646.4 mm.

The plants were harvested in the early pod ripening phase.
Fresh green biomass of plants was analyzed (five plants from
each accession: stems, leaves and pods; in three analytical
replications).

A sample of 10 g was weighed, homogenized with an ade-
quate amount of ethanol, and infused for 30 days at 5-6 °C.
The extract (200 pL) was vaporized to dry residues on a
CentriVapConcentrator (Labconco, USA). The solid residue
was silylated with bis(trimethylsilyl)trifluoroacetamide. The
silylated compounds were separated on an HP-5MS capillary
column (5 % phenyl methylpolysiloxane; 30.0 m, 250.00 pm,
0.25 pm) using the Agilent 6850 chromatography system
with a quadrupole mass spectrometry detector Agilent 5975B
VL MSD (Agilent Technologies, USA). Conditions of chro-
matographic analysis: helium flow rate through the column
1.5 mL/min, column heating program +70 °C to +320 °C
with the heating rate 4 °C/min, MSD temperature + 250 °C,
injector temperature + 300 °C, sample volume 1 pL, internal
standard: tricosane in pyridine (1 pg/uL).
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The spectra were processed using UniChrom and AMDIS
software, NIST 2010 mass spectra libraries, and Science
parks of the St. Petersburg State University and the Komarov
Botanical Institute. The results were evaluated with MS Excel
2007 and Statistica 7.0 programs. The effect of environmental
conditions on the expression of biochemical characters was
assessed using one-way analysis of variance (ANOVA) with
Fisher’s LSD-test. The effect size of the factor’s influence
(M2, %) according to Fisher was calculated by Equation (1)
(Ivanter, Korosov, 2003):

SS
2 _ factor x 100 %
1 Sstotal %
where 12, % is the effect size of the factor influence; SSgcior
is the sum of squared deviations for the factor; SS;, is the

total sum of squared deviations.

Results

The biochemical composition analysis of the Lathyrus green
biomass samples revealed about 300 components. This paper
discusses part of the data obtained (Table 1, Suppl. mate-
rial 11).

Organic acids. In 2012, the content of organic acids in
the green biomass samples of Lathyrus averaged 844.72 mg/
100 g; depending on the genotype, this parameter varied from
136.27 to 2137.37 mg/100 g. In 2013, the acid content went
down to 333.77 mg/100 g, and different accessions varied
within 215.37-544.24 mg/100 g (Fig. 1). For grass pea acces-
sions, the mean content of organic acids in 2012 was 890 mg/
100 g, with the range of variation from 300 to 2140 mg/100 g.
In 2013, a decrease to 3120 mg/100 g was observed in the
mean values, and the range narrowed to 220-430 mg/100 g.
In the flat pea group, the mean content of organic acids was
590 mg/100 g in 2012, and 480 mg/100 g in 2013. For L. syl-
vestris, this parameter was relatively stable in different years,
unlike L. sativus, which demonstrated a drop of the organic
acid content to 570 mg/100 g in 2013. The organic acid con-
tents in heath, everlasting, and spring pea accessions were
somewhat higher: 610, 670, and 640 mg/100 g, respectively.

The lowest level of organic acids was recorded for tuberous
pea accessions (140 mg/100 g). The highest acid content in
2012 was observed in grass pea accession k-900 (Colombia):
2140 mg/100 g; and in 2013, in flat pea accession k-591293
(Germany): 540 mg/100 g.

Organic acids were represented mostly by malic (Krebs
cycle) and threonic (ascorbic acid oxidation product) acids;
their respective contents were 156.22 and 120.52 mg/100 g.
Glyceric and citric acids ranked next: their contents were 90.63
and 61.32 mg/100 g, respectively. Dehydroabietic, phosphoric,
oxalic, lactic, and fumaric acids respectively averaged 30.42,
27.14, 25.90, 14.61, and 10.65 mg/100 g. The contents of
succinic, mesoxalic, quinic, erythronic and gluconic acids
did not exceed 10 mg/100 g (9.17, 6.87, 6.58, 6.34, and 5.82,
respectively). Respective amounts of tartaric, ribonic and
pipecolic acids were 2.77, 2.04, and 1.85. Accumulation of
other acids (benzoic, nicotinic, maleic, 4-hydroxybenzoic,
azelaic, saccharic, protocatechuic, shikimic, galacturonic,
caffeic, sinapic, abietic and neochlorogenic) never exceeded

T Supplementary Materials 1-2 are available in the online version of the paper:
http://www.bionet.nsc.ru/vogis/download/pict-2019-23/appx12.pdf
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Table 1. The contents of amino acids, organic acids,
and secondary metabolites in the green biomass
of some Lathyrus species (mg/100 g wet weight)
Species Organicacids ~ Amino acids Secondary
metabolites
L. sativus 610.0+64.0% 208.6+16.8 59.2+8.0
220.0-2140.0%* 41.0-610.0 4.4-199.4
L. sylvestris 520.0+84.6 205.1+459 43.1+£143
340.0-830.0 67.5-340.3 15.2-79.8
L. vernus 640.0+£94.9 28.0£2.9 28.1+£6.9
540.0-730.0 25.1-31.0 21.8-35.7
L. linifolius 830.0+89.5 11.8+£6.2 71.6+29.7
250.0-1050.0 3.1-14.8 32.2-100.1
L. latifolius 670.0+75.6 136.3+38.3 132.4+£52.1
100.0-850.0 42.3-157.9 81.5-224.6
L. tuberosus 140.0£98.9 729+253 6.4+9.8
2.0-380.0 24.8-95.4 1.1-19.5
* Arithmetic mean + standard error of the mean;
** Range (min-max).
mg/100 g
2200
2000 | 2012
= = 2013
1000 +
844.7
800
600
400 ‘333.8
201.6
200 | 194.4 o
I : I28.0
0
1 2 3

Fig. 1. The contents of organic acids, free amino acids, and phenolic com-
pounds in the green biomass of Lathyrus L. in different years of cultivation
(mean values, min-max, mg/100 g wet weight).

1 - organic acids; 2 - free amino acids; 3 - secondary metabolites.

0.7 mg/100 g, while the respective amounts of galacturonic
and saccharic acids were 0.29 and 0.06 mg/100 g.

Amino acids. The green biomass of Lathyrus accessions
was found to contain 20 free amino acids, including eight
essential ones (see Suppl. material 1). The mean content of
free amino acids in 2012 was 201.59 mg/100 g (see Fig. 1);
the variation being from 11.75 to 610.00 mg/100 g. In 2013,
the amino acid content was slightly lower (194.42 mg/100 g),
while the range of variability for this character in different ge-
notypes was within the limits from 40.97 to 340.30 mg/100 g.
In 2012, the highest free amino acid contents were registered
in grass pea accessions (230.16 mg/100 g), and the lowest in
heath pea (11.75 mg/100 g). The same parameters measured
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in other species were as follows: 114.93 mg/100 g in flat pea,
136.28 in everlasting pea, 72.90 in spring pea, and 28.02 in
tuberous pea. In 2013, the mean amino acid content in the
green biomass of flat pea was higher (265.22 mg/100 g). Grass
pea, however, showed the opposite tendency, as this parameter
dropped to 185.92 mg/100 g in 2013. Other Lathyrus groups
showed no significant variations across the two years.

Secondary metabolic compounds. One of the key indi-
cators that reflect antioxidant activity and resistance to the
impact of environmental stressors is the content of secondary
metabolites, including phenol-containing compounds. The ef-
fect of secondary metabolites is directly connected with their
concentrations; in this regard, their quantitative analysis is
no less important than qualitative one (Spanou et al., 2010).

In the tested green biomass of Lathyrus accessions, second-
ary metabolites were represented by free phenolcarboxylic
(PC) acids (mean content 52.52), quinones (0.38), flavonoids
(3.49), phenylpropanoids (0.69), and iridoids (0.11), including
the identified a-tocopherol (2.14 mg/100 g) (see Suppl. mate-
rial 1). The mean content of secondary metabolites in the green
biomass of Lathyrus accessions in 2012 was 84.14 mg/100 g
(from 4.45 to 199.39) (see Fig. 1). In 2013, the mean decreased
to0 28.04 mg/100 g (from 13.23 to 53.45). In 2012, the highest
contents of secondary metabolites were recorded in everlasting
pea accessions (132.44 mg/100 g), and the lowest in tuberous
pea (6.42 mg/100 g). In the green biomass of grass pea, flat
pea, heath pea, and spring pea, the mean values of secondary
metabolites (89.32, 78.01, 71.59, and 28.74 mg/100 g, res-
pectively) were lower than in everlasting pea. In 2013, the
mean secondary metabolite contents in grass pea and flat pea
dropped to 29.03 and 19.80 mg/100 g, respectively.

One-way ANOVA was used to ascertain the significance of
the impact of weather conditions on the content of the analyzed
biochemical characters. The analysis allowed identification
of 79 compounds significantly affected by growing condi-
tions (Table 2), including total organic acids and secondary
metabolites. The effect size (percentage) for the influence of
environmental conditions (n?) on the content of organic acids
was 67.9 % for lactic acid, 39.0 % for glyceric acid, 37.5 %
for threonic acid, 33.4 % for fumaric acid, and 34.5 % for the
total organic acid content (Fig. 2). Of free amino acids, includ-
ing aminoalcohols and amines, the greatest weather impact
was registered for the contents of ethanolamine (n2=72.9 %),
leucine (51.6), GABA (48.9), methionine (47.9), putrescine
(43.1), adenosine (41.2), glycine (34.6), asparaginic acid
(29.9), and asparagine (29.0). For weather impact on the
variability of secondary metabolites, the highest effect size
was recorded for quercetin (n2= 39.8 %) and dehydroabietic
acid (30.4). For the total content of secondary metabolites, it
was 26.1 %.

Despite the large number of compounds identified in the
green biomass of Lathyrus spp., only quantitative indicators
in some of them accounted for statistically significant dif-
ferences between wild species: catechin (F (5; 54) = 10.47,
p =0.0000), a-alanine (F (5; 54) = 2.52, p = 0.039), aspara-
gine (F (5; 54) =3.32, p = 0.011), glycine (F (5; 54) = 3.25,
p=0.012), and shikimic acid (F (5; 54) = 31.66, p = 0.0000).
Asparagine, glycine, o-alanine and catechin contents were the
highest in flat pea (L. sylvestris), and shikimic acid content, in
everlasting pea (L. latifolius) (Suppl. material 2).
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Sum organic acid
Saccharic acid
Gluconic acid
Citric acid
Erythronic acid
Threonic acid
Malic acid
Maleic acid
Fumaric acid
Glyceric acid
Succinic acid
Lactic acid

Adenosine
Tryptophan
Tyrosine
Lysine

ASN

GLU
Hydroxyproline
GABA
Oxoproline
Methionine
ASP

Serine
Putrescine
Glycine

LEU
Ethanolamine
Valine
a-Alanine

0 10 20 30 40 50 60 70 80 %
Sum fenolic components
Quercetin

Catechin

Arbutin

Homoarbutin
Dehydroabietic acid
(E)-Ferulic acid

Coniferyl alcohol
(E)-4-Hydroxycinnamic acid
Protocatechuic acid
4-Hydroxybenzoic acid

30 35 40%

Fig. 2. The effect size (n2, %) for the influence of weather conditions on
the variability of biochemical characteristics.

Discussion

The studied Lathyrus accessions demonstrated broad poly-
morphism in the biochemical composition of green biomass.
Significant interspecific and intraspecific variability was ob-
served both in the composition (presence) and the amount of
the identified compounds. The highest content of organic acids
was found in L. sativus: 2140 mg/100 g (k-900, Colombia);
free amino acids in L. sylvestris: 265.22 mg/100 g (k-2017,
Germany); and total secondary metabolites in L. latifolius:
132.44 mg/100 g (i-594176, Germany). The analysis showed
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Table 2. The results of one-way analysis of variance (ANOVA) to identify the association between the variability
of biochemical parameters and weather conditions in the year of reproduction

Effect  df Lacticacid Succinic acid Glyceric acid Fumaric acid Maleic acid

SS F p SS F p SS F p SS F p SS F p
Year 1 6515.0 122.9 0.00 1194.8 23.1 0.00 2492599 37.0 0.00 57363 29.1 0.00 18.8 49 003
Error 58 3074.5 3004.4 390349.6 11439.2 2222
Total 59 9589.5 4199.2 639609.5 17175.5 241.0
n2 67.9 28.5 39.0 334 7.8
Effect df Malicacid Threonic acid Erythronic acid Citric acid Saccharic acid

SS F p SS F p SS F p SS F p SS F p
Year 1 3193269 262 0.00 3408383 348 0.00 1664.9 20.2 0.00 928984 244 0.00 03 4.1 0.04
Error 58 705960.5 567394.8 4780.5 221251.6 39
Total 59 10252873 908233.0 6445.4 314150.1 4.2
n2 31.1 37.5 25.8 29.6 6.7
Effect  df Gluconicacid Total organic acid 4-Hydroxybenzoic acid Protocatechuic acid  (E)-4-Hydroxycinnamic

acid

SS F p SS F p SS F p SS F p SS F p
Year 1 10838 13.0 0.00 36249025 30.6 0.00 0.2 124 0.00 0.2 6.2 0.02 853.8 15.9 0.00
Error 58 4819.6 6880021.4 0.7 14 3119.8
Total 59 5903.3 10504923.9 0.9 1.6 3973.6
n2 18.4 345 17.6 9.6 215
Effect  df Coniferol (E)-Ferulic acid Catechin Arbutin Quercetin

SS F p SS F p SS F p SS F p SS F p
Year 1 329 127 0.00 1345 49 003 33 59 0.02 09 51 0.03 1.1 383 0.00
Error 58 1499 1576.1 3238 10.6 1.6
Total 59 1829 1710.6 36.1 1.5 2.7
n? 18.0 7.9 9.2 8.1 39.8
Effect  df Quinicacid Homoarbutin Dehydroabietic acid Total phenolic Ethanolamine

compounds

SS F p SS F p SS F p SS F p SS F p
Year 1 24141 96.8 0.00 1.2 80 0.01 480673 253 0.00 451459 20.5 0.00 16.3 156.3 0.00
Error 58 1447.1 84 110250.0 1275785 6.0
Total 59 3861.1 9.6 158317.3 1727244 223
n? 62.5 12.1 30.4 26.1 72.9
Effect  df o-Alanine Valine Serine Leucine Adenosine

SS F p SS F p SS F p SS F p SS F p
Year 1 9373 9.8 0.00 1469 104 0.00 2088.8 44 004 625 15.7 0.00 103.6 40.7 0.00
Error 58 5546.7 817.2 27385.9 231.1 147.7
Total 59 6484.0 964.2 29474.7 293.6 251.3
n? 14.5 15.2 7.1 213 41.2
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Table 2. (End)
Effect df  Glycine Putrescine Aspartic acid GABA
SS .............. F ................ p ............... SS ............... F ................................ SS .............. F ................ p ............... SS ................. F ............... p ............

Year11082 ........ 307 ........... 000 .......... 125743 ...... 439 .......... 000160514248 ........... 000 .......... 7638 ............ 554 .......... OOO .......

. En,or ............ 58 ..... 204 2 ........................................... 16604 5 ........................................ 375 7 93 ........................................ 798 9 ...........................................

Tota| ............ 59 ..... 3124 ........................................... 291788 ........................................ 536307 ....................................... 15627 .........................................

nz ......................... 346 ............................................. 431 ............................................... 299 .............................................. 489 .............................................
Effect df  Methionine Oxoproline Tyrosine Hydroxyproline
SS .............. F ................ p ............... SS ............... F ................................ SS .............. F ................ p ............... SS ................. F ............... p ............

Year114 ............ 534 ........... 000 .......... 9081”3 .......... OOO .......... 311 ............ 216 ........... 000 .......... 01 ................. 94 ............ OOO .......

Error ............ 5815 ............................................... 46625 .......................................... 836 .............................................. 07 ...............................................

Tota| ............ 59 ..... 29 ............................................... 55706”46 ............................................ 08 ...............................................

nz ......................... 479 ............................................. 163 .............................................. 271 ............................................... 139 .............................................
Effect df  Glutamine Asparagine Lysine Tryptophan
SS .............. F ................ p ............... SS ............... F ................................ SS .............. F ................ p ............... SS ................. F ............... p ............

Year1 ........ 83239122 ........... 000 .......... 43686 ........ 237 .......... 0001492168 ........... 000 .......... 1681 ............ 796 .......... 000 .......

Error ............ 58 ..... 3961 06 ...................................... 10688 9 ........................................ 5] . 3 9 ............................................ 1225 ...........................................

Tota| ............ 59 ..... 479344 ...................................... 150575 ........................................ 6632 ............................................ 2906 ...........................................

n2174 ............................................. 290 .............................................. 225 .............................................. 578 .............................................

Note: SS - sum of squares; F - Fisher’s criterion value; p - level of significance; df — degrees of freedom; n2, % - the effect size of the factor’s influence; year,

weather conditions.

sizeable variation of biochemical parameters under different
weather conditions. The colder and drier season in 2012 was
conducive to the accumulation of organic acids, amino acids,
and secondary metabolites.

There is no published information on the content of organic
acids in the green biomass of Lathyrus. The analyzed acces-
sions contained mostly acids participating in cell respiration,
ascorbic acid oxidation products (threonic acid), natural anti-
septics and antioxidants (azelaic acid), and anti-stress factors
of plant cells (pipecolic and maleic acids) (Yao et al., 1998;
Mahmud et al., 2017). The highest contents of individual or-
ganic acids were found in the following grass pea accessions:
malic acid in k-893 (Eritrea) and k-900 (Colombia) (495 and
505 mg/100 g); threonic acid in k-900 (Colombia) (522 mg/
100 g); azelaic acid in k-275 (Azerbaijan) (8.20 mg/100 g);
maleic acid in k-889 (Abyssinia) and k-34 (Russia) (8.78 and
8.92 mg/100g). The everlasting pea accession k-51 (Germany)
showed a high content of pipecolic acid (59.18 mg/100 g).

Our data on the free amino acid content differ from those
published by S.G. Zaichikova et al. (2001), who identified
18 amino acids in Lathyrus herbage, including 7 essential
ones, plus histidine and arginine not detected by us. In ad-
dition to the above-mentioned free amino acids, our experi-
ment revealed tryptophan, GABA, asparagine, glycine, etc.
In the said publication by S.G. Zaichikova et al., the main
amino acids in peavine green biomass were glutamine and
histidine: they respectively accounted for 15 and 11.6 % of
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the total amount of identified amino acids. E. Pastor-Cavada
et al. (2010) identified 17 amino acids, including 9 essential
ones, in Lathyrus seeds. Our research showed that the green
biomass of Lathyrus spp. contained 20 amino acids (8 essen-
tial ones). The main amino acids in seeds were glutamic and
aspartic acids, and in green biomass, according to our data,
serine, glutamic and aspartic acids (16.4, 16.6, and 13.5 %
of the total amount of identified amino acids, respectively).
The major essential amino acids were arginine, leucine, and
lysine in seeds and threonine (much more abundant than other
amino acids) in green biomass. We singled out the grass pea
accession k-842 (Tajikistan) for its high content of glycine
(3.26 mg/100 g), an indicator of resistance to environmental
stressors (Loskutov et al., 2016).

According to published data, flavonoids are the main
phenol-containing compounds in the Lathyrus green biomass,
their amount reaching 50 % of the total phenolic content. Our
research has shown that the main components of phenol-
containing compounds are free PC acids: they possess the
highest antioxidant capacity (Shetty et al., 2002). Extracts of
grass pea and flat pea in relevant concentrations are known to
produce stimulating effect on the phagocytic and antibacterial
activity of human neutrophils, which is associated with the
presence of free PC acids in them (Zaichikova, 2002a, b).

The qualitative and quantitative compositions of seconda-
ry metabolites identified by us differed from the data pub-
lished by F. Sibul et al. (2016), because different research
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methods were applied. Sibul et al. used HPLC to identify a
wide spectrum of hydroxybenzoic and hydroxycinnamic acids
in Lathyrus leaves, as well as a high content of quinic acid
(30.4-35.0 mg/100 g), with the total secondary metabolite
content being 58.1 mg/100g dry weight (DW). In our study,
the total content of secondary metabolites was much higher
(246.85 mg/100 g), with ferulic and quinic acids being the
most abundant (40.63 and 28.30 mg/100 g DW). We managed
to identify only four hydroxybenzoic acids (pyrogallol, 4-hy-
droxybenzoic, protocatechuic and benzoic acids) against six
identified by F. Sibul et al. (2016). The content of protocat-
echuic acid in our experiment was somewhat lower than those
reported by other researchers (0.2 and 0.9 mg/100 g DW).
Of hydroxycinnamic acids, we identified ferulic, sinapic, and
caffeic acids (19.09, 0.03, and 2.09 mg/100 g DW), while
our colleagues found ferulic, p-coumaric, and caffeic acids
(1.38, 1.42, and 1.02 mg/100 g DW). The content of ferulic
acid in our accessions was much higher, and that of caffeic
acid slightly lower than the values reported by scientists
outside Russia. The content of chlorogenic acid was low
in the accessions analyzed by us and in the plants tested by
F. Sibul et al. (2016): 0.8 mg/100 g DW. The content of lu-
teolin in our genotypes was lower than the same parameter
reported by other authors (1.21 and 4 mg/100 g DW). Our
accessions contained more catechin and quercetin (0.95 and
4.00) than the plants tested by F. Sibul et al. (2016): 0.04 and
1.60 mg/100 g DW. The levels of kaempferol were practi-
cally identical (1.78 and 1.60 mg/100 g DW, respectively),
but the content of isorhamnetin in our Lathyrus accessions
(0.02 mg/100 g DW) was considerably lower than the value
published by non-Russian researchers (0.53 mg/100 g DW).
F. Sibul et al. (2016) identified a wider spectrum of flavones
and glycosides. We did not identify isoflavones, coumarins,
or several glycosides. However, our research efforts yielded
data on other secondary metabolites (hydroquinone, shikimic
acid, and coniferol).

U.D. Chavan (1998) reported the total content of secondary
metabolites in sea pea (L. maritimus L.), which was beyond the
scope of our research; those levels varied from 0.5 to 3.0 %,
being roughly close to our results (0.3-0.9 %).

We selected the grass pea accessions k-893 (Eritrea) and
k-900 (Colombia) for their high content of secondary me-
tabolites (199.39 and 177.82 mg/100 g) as potential sources
of resistance and pharmacological value.

Our research confirmed the impact of weather conditions
(temperature and precipitation amount) on the accumulation
of organic acids, free amino acids, and major secondary me-
tabolites (Popov et al., 2016). The analysis helped us identify
accessions with high contents of substances responsible for
protection against adverse environmental factors (maleic and
pipecolic acids, glycine, and the aggregate content of second-
ary metabolites) and compounds of value for pharmacology
(azelaic acid), which hold promise in the development of
new nutritious, resistant, or medicinal cultivars of Lathyrus.

Conclusion

Thus, our research has brought forth new data on the biochemi-
cal composition of peavine green biomass. Its results confirm
that Lathyrus is a promising forage and medicinal crop with
a potential for various branches of economy.

CENEKUMA HA NPOAYKTUBHOCTb N KAYECTBO / BREEDING FOR PERFORMANCE AND QUALITY

2019
23:6

CpaBHUTENbHbIV aHanu3 BUAOB Lathyrus L. no cofepkaHuio
BeLLeCTB NEPBUYHOIO U BTOPUYHOIO MeTabonnama

References

Burlyaeva M.O., Solovyeva A.E., Nikishkina M.A., Rasulova M.A.,
Zolotov S.V. Species of the genus Lathyrus L. from N.I. Vavilov In-
stitute (VIR) collection — the source of initial material for high-pro-
tein forage varieties breeding. Zernobobovye i Krupyanye Kultury =
Legumes and Groat Crops. 2012;4:62-71. (in Russian)

Chavan U.D. Chemical and biochemical components of beach pea
(Lathyrus maritimus L.). Canada Department of Biochemistry. Me-
morial University of New found land, 1998. http://research.library.
mun.ca/id/eprint/1196.

Ivanter E.V., Korosov A.V. Introduction to Quantitative Biology. Petro-
zavodsk, 2003. (in Russian)

Konarev A.V., Shelenga T.V., Perchuk I.N., Blinova E.V., Loskutov I.G.
Characteristic of oat diversity (genus Avena L.) from the collection
of N.I. Vavilov All-Russia Research Institute of Plants — an initial
material for oat fusarium resistance selection. Agrarnaya Rossiya =
Agrarian Russia. 2015;5:2-10. (in Russian)

Loskutov 1.G., Shelenga T.V., Konarev A.V., Shavarda A.L., Blinova
E.V., Dzubenko N.I. The metabolomic approach to the comparative
analysis of wild and cultivated species of oats (Avena L.). Russ. J.
Genet: Appl. Res. 2017;7(5):501-508.

Mahmud J.A., Hasanuzzaman M., Nahar K., Rahman A., Hossain M.S.,
Fujita M. Maleic acid assisted improvement of metal chelation and
antioxidant metabolism confers chromium tolerance in Brassica jun-
cea. L. Ecotoxicol. Environ. Saf. 2017;144:216-226. DOI 10.1016/
j-ecoenv.2017.06.010.

Pastor-Cavada E., Juan R., Pastor J.E., Alaiz M., Vioque J. Protein
isolates from two Mediterranean legumes: Lathyrus clymenum and
Lathyrus annuus. Chemical composition, functional properties and
protein characterization. Food Chem. 2010;122:533-538. https://
DOl.org/10.1016/j.foodchem.2010.03.002.

Pavlova N.S. Study of the chemical composition of wild-growing fod-
der legumes in the Russian Far East. Biologicheskiye Issledovaniya
na Gornotayezhnoy Stantsii = Biological Research at the Mountain
Reservoir Station. 2001;7:78-97. (in Russian)

Plant Resources of the USSR. Flowering Plants: Chemical Composi-
tion and Use. Vol. 3. Families Hydrangeaceae—Haloragaceae. Lenin-
grad, 1987. (in Russian)

Plant Resources of the USSR. Flowering Plants: Composition and Bio-
logical Activity. Vol. 3. Families of Fabaceae—Apiaceae. St. Peters-
burg, 2010. (in Russian)

Popov V.D., Valge A.M., Sukhoparov A.IL., Kovalev V.A. Influence of
weather conditions on the quality of grass fodder. Vestnik Vseros-
siyskogo Nauchno-Issledovatelskogo Instituta Mekhanizatsii Zhi-
votnovodstva = Proceedings of the All-Russia Research and Devel-
opment Institute of Livestock Breeding Mechanization. 2016;3(23):
73-78. (in Russian)

Puzanskiy R.K., Shavarda A.L., Tarakhovskaya E.R., Shishova M.F.
Analysis of metabolic profile of Chlamydomonas reinhardtii cul-
tivated under autotrophic conditions. Appl. Biochem. Microbiol.
2015;51:83. https://DOl.org/10.1134/S0003683815010135.

Sheety P., Atallah M.T., Sheety K. Effects of UV treatment on the pro-
line-linked pentose phosphate pathway for phenolics and L-DOPA
synthesis in dark germinated Vicia faba. Process Biochem. 2002;37:
1285-1295.

Sibul F., Or¢i¢ D., Vasi¢ M., Anackov G., Nadpal J., Savi¢ A., Mimi-
ca-Duki¢ N. Phenolic profile, antioxidant and anti-inflammatory
potential of herband root extracts of seven selected legumes. Ind.
Crop. Prod. 2016;83:641-653. http://dx.DOLorg/10.1016/j.indcrop.
2015.12.057.

Smolikova G.N., Shavarda A.L., Alekseichuk 1.V., Chantseva V.V.,
Medvedev S.S. The metabolomic approach to the assessment of cul-
tivar specificity of Brassica napus L. seeds. Russ. J. Genet: Appl.
Res. 2016;6(1):78-83.

673



A.E. Solovyeva, T.V. Shelenga
A.L. Shavarda, M.O. Burlyaeva

Spanou C., Stagos D., Aligiannis N., Kouretas D. Influence of potent
antioxidant leguminosae family plant extracts on growth and anti-
oxidant defense system of Hep2 cancer cell line. J. Med. Food. 2010;
13(1):149-155. DOI 10.1089/jmf.2009.0058.

Vishnyakova M.A., Buravtseva T.A., Bulyntsev S.V., Burlyaeva M.O.,
Semenova E.V., Seferova 1.V., Aleksandrova T.G., Jankov LI., Ego-
rova G.P., Gerasimova T.V., Drugova E.V. The VIR Collection of
the Genetic Resources of Grain Legumes: Replenishment, Preser-
vation, and Study Guidelines. St. Petersburg: VIR, 2010. (in Rus-
sian)

Yao S.Z., Chen P, Yang X.Y., Fung Y.S., Si S.H. Herbal organic acids.
In: Deyl Z., Miksik 1., Tagliaro F., Tesarova E. (Eds.). Advanced

ORCIDID

A.E. Solovyeva orcid.org/0000-0002-6201-4294
T.V. Shelenga orcid.org/0000-0003-3992-5353
A.L. Shavarda orcid.org/0000-0003-1778-2814
M.O. Burlyaeva orcid.org/0000-0002-3708-2594

Comparative analysis of Lathyrus L. according
to their primary and secondary metabolite contents

Chromatographic and Electromigration Methods in BioSciences.
J. Chromatogr. Library Series. 1998;60:344-370.

Zaichikova S.G. Effect of extracts from various Lathyrus species on
the phagocytic and antibacterial activity of human neutrophils.
Khimiko-Farmatsevticheskiy Zhurnal = Journal of Pharmaceutical
Chemistry. 2002a;36(3):144-145. (in Russian)

Zaichikova S.G. Effect of extracts from various Lathyrus species on hu-
man B-cell differentiation and tumor growth. Khimiko-Farmatcev-
ticheskiy Zhurnal = Journal of Pharmaceutical Chemistry. 20020;
36(4):30-31. (in Russian)

Zaichikova S.G., Samylina [.A., Burlyaeva M.O. Protein, amino acid
and mineral composition of some species from Lathyrus genus.
Pharm. Chem. J. 2001;35(6):343-344.

Acknowledgements. This work was supported by State Budgeted Project 0662-2019-0002 for VIR.

Conflict of interest. The authors declare no conflict of interest.
Received March 26, 2019. Revised May 29, 2019. Accepted June 16, 2019.

674

BaBunosckuii XypHan reHeTuku u cenekuyum / Vavilov Journal of Genetics and Breeding - 2019+ 23 - 6



CENEKUMA HA NPOAYKTUBHOCTb M KAYECTBO BaBnnoBcKui xypHan reHeTuku n cenekymm. 2019;23(6):675-682

OpurnHanbHoe nccnegosaHue / Original article DOI 10.18699/VJ19.540

MeToamuecKui IMogxXo I K OlleHKe M3MeHUYMBOCTY ITPM3HAKOB
IIPOAYKTUBHOCTM 1 KQUeCTBa SAro[] B TeHETUYEeCKUX KOIIEKIIMSIX
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[na 3emnAaHVKK capoBol Fragariax ananassa Duch. (2n = 8x = 56) — Beflylleln ArogHoOM KynbTypbl B MUpPe — aKTyasibHO
n3yyeHue B3aMMoOAeNcTBuA reHotun—cpeaa. CnoxHbI reHOMHBbIN COCTaB, pasHoobpasre CUCTEM FeHETUUYECKOTO KOHTPO-
NA, a Takke CUNbHoe moanduUmMpyoLLee BAVAHWE YCNOBUIA BbipallBaHMA Ha NPOABNEHVE KONMYECTBEHHbIX MPU3HAKOB
00yCnoBnMBaloT HEO6XOAVMOCTb COBEPLIEHCTBOBAHVA METOLOB aHasM3a reHOTUMNYECKON N3MEHUYMBOCTN XO3ANCTBEHHO
LieHHbIX MPU3HAKOB, HaMpaB/ieHHbIX Ha YCTAaHOBJIEHME FEHOTUMOB, XapaKTePU3YIOLWMXCA CTabUNbHOCTBIO 1 aAanTUBHbIMU
KayecTBamu B LIMPOKOM SKOJIOrMYeCKnM AmnanasoHe yCioBuii BbipawmBaHua. B 2016-2018 rr. 6bin0 n3yyeHo 27 copToB
3eMIAHUKY CaioBON B Konnekuumax CeBepo-KaBkasckoro pepepanbHOro HayyHoro LieHTpa cafoBOACTBa, BUHOTPaJapcTBa,
BUHOZENMA 1 KpbIMCKOI OMNbITHO-CeNeKUMOHHON cTaHummn — dunrana BUP. NMoneBble onbITbl 1 yyeTbl MOCTaBAEHbI U NPO-
BefleHbl MO efnHON cxeme. V3yyanu cnepytowme npru3HaKku: YNCIO LBETOHOCOB (LWT./KYCT), uncno arog (WT./KycT), cpeaHAn
Macca Arofpbl 1 Arofbl NnepBoro nopagka (r), obwumin 1 ToBapHbI ypoxal (r/KycT), NMOTHOCTb MAKOTM AroAbl (r), copepxa-
HMe caxapoB B Arogax no wkane bpukca (°Bx), caxapoKncnoTHbIN nHAeKc. Lenb HacToAwen paboTbl — pa3paboTka MeTo-
[MYeCcKoro nofxofa K oLeHke BK/lafa B3auMOLENCTBUA reHOTUN-Cpefa B U3MEHUMBOCTb NMPU3HAKOB NMPOAYKTUBHOCTA 1
KayecTBa Arof 3eMIAHVIKM 1 onpeferieHne COPTOB 3eMNIAHUKN CO CTabWbHbIM FeHOTUMOM. 1A pelleHna nocTaBieHHON
3a/lauv 1CNonb30BaHbl MaTEMATUYECK/E MOAENN ABYX- U TpexdaKTOPHOro ANCNEePCMOHHONO 1 KIacTePHOro aHanmn3oB no
meTofy Yoppaa. Mo pe3synbratam NpoBefeHHON paboTbl yCTaHOBIEHO, YTO COPTa 3eMJIAHUKN, BbipalleHHble B Pa3HbIX K-
MaTUYeCKUX YCNIOBUAX, MOKa3bIBAlOT Pa3nnymna B CTPYKTYPe U3MEHUYMBOCTU NPU3HAKOB NPOAYKTUBHOCTA 1 KayecTBa Aroj,.
[Ona ycnosuii . KpbiMcka npeobnafatowm okasanocb BAUAHME reHoTMNa CopTa, a ANA ycnoBui I. KpacHogapa, Kpome
BIMAHNA reHOTUMa COPTa, CYLLIeCTBEHHOW ABNAGTCA U CPpeAoBaA KOMMNOHEHTa B BUAE B3aUMOAENCTBUA reHoTun-cpea. Cra-
TUCTNYECKM JOCTOBEPHOE BNIMAHME 30HbI BbiPaLLMBaHWA YCTAHOB/IEHO AS1A NPU3HAKOB NPOAYKTUBHOCTA 1 KauyecTBa Arof,
3a UCKNIOYEHMEM CpefiHelN Macchl Arofbl. [py 3TOM pasnnumns cpefHUX 3HaYEHU NPU3HAKOB Y COPTOB MOTYT ObiTb Kak
CYLLEeCTBEHHbIMW, TaK 1 YaCTUYHO WM NOMHOCTbIO OTCYTCTBOBATb. [InA onpeaeneHna nepcnekTMBHbIX COPTOB NP Bbipa-
LMBAHMM B M3yYaeMblX 30HaX PEKOMEHAYETCA UCMOSb30BaTh KacTePHbI aHann3 no MHGOPMaTUBHOMY KOMMIEKCY Npu-
3HAKOB C BblUMC/IEHVEM €BKNNAOBbIX PAaCCTOAHWI ANA COPTOB, BblPalLeHHbIX B Pa3HbIX yCoBuAX. BennunHa eeknuposa
paccTosHua GygeT Mepoli BAUAHUA KOHKPETHON cpefibl Ha reHOTWMN pacTeHUn. Yem MeHbLUe 3HaUYeHne eBKINOBOro pac-
CTOSIHWA Y COPTa, COMNMAcHO KOMMIEKCY U3YYEHHbIX MPU3HAKOB, TeM 60blUei CTabUIbHOCTbIO XapakTepu3yeTcs STOT COPT.
KnioueBble cnoBa: 3eMNAHVIKa; reHOTUN; CPeAa; COPTa; M3MEHUMBOCTb; CTaBUNbHOCTb; MPU3HAKW; CTaTUCTUYECKE METOAbI;
KNnacTepHbIN aHanu3; eBKIMA0BO PacCTOAHNME.

Onsa yntuposaHua: JlanwuH B.A.,, AkoseHko B.B., LLiernos C.H., MogopoxHbin B.H. MeTogunuecknii noaxop K OLeHKe N3MeHYn-
BOCTU NPU3HAKOB NPOAYKTUBHOCTI 1 KauyeCTBa Arof B reHeTUYeCKrX KONNeKLnaAxX 3eMNAHNKM canoBoli (Fragaria X ananassa
Duch.). BaBUnoBckui XXypHan reHeTuku n cenekumm. 2019;23(6):675-682. DOI 10.18699/VJ19.540
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For strawberry (Fragaria x ananassa Duch., 2n = 8x = 56), which is the leading berry crop in the world, research into the
genotype X environment interaction is important. A complicated genomic composition, the diversity of genetic control
systems, and a strong modifying effect of growing conditions on the implementation of quantitative traits make it necessary
to improve methods for analysis of the genotypic variability of economically valuable traits with the aim of identifying
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Evaluating the variability of productivity and fruit quality
in collections of Fragaria x ananassa Duch.

genotypes that are characterized by stability and adaptive qualities in a wide ecological range of growing conditions. In
2016-2018, twenty-seven strawberry varieties were studied in the collections of North Caucasian Federal Scientific Center
of Horticulture, Viticulture and Krymsk Experiment Breeding Station, VIR Branch. Field experiments and data counts were
set and carried out according to a single scheme. The following characteristics were studied: the number of inflorescences
(units per plant), the number of berries (units per plant), the average weight of berry and berry of the first order (g), total
and marketable yield (g per plant), firmness of fruit (g), sugar content in berries on Degrees Brix (°Bx), sugar-acid index.
The purpose of this work was the development of a methodical approach to assessing the contribution of the genotype-
environment interaction to the variability of the traits of productivity and fruit quality and the determination of strawberry
varieties with a stable genotype. To this end, the mathematical models of two- and three-factor analysis of variance and
cluster analysis using Ward’s method were employed. According to the results of this work, strawberry varieties grown
in different climatic conditions show differences in the structure of the variability of the traits of productivity and fruit
quality. For the conditions of the city of Krymsk, the influence of the genotype of the variety was predominant, and for
the conditions of the city of Krasnodar, in addition to the influence of the genotype of the variety, the environmental
component in the form of the genotype—environment interaction is also significant. A statistically significant influence of
the growing zone has been established for the traits of productivity and fruit quality, with the exception of the average
weight of fruit. At the same time, differences in the mean values of the traits of varieties can be both significant and partially
or completely absent. To identify varieties with promise for cultivation in the areas studied, it is recommended to use cluster
analysis on the informative complex of traits with the calculation of the Euclidean distances for varieties that were grown
under different conditions. The magnitude of the Euclidean distance will be the measure of the influence of a particular
environment on the genotype of plants. The smaller the value of the Euclidean distance in a variety, according to the
complex of the traits studied, the more stable this variety is.

Key words: strawberry; genotype; environment; varieties; variability; stability; traits; statistical methods; cluster analysis;
euclidian distance.
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BBepeHmne

3emisiHNKa canoBast Fragaria X ananassa Duch. — Begymas
ATOJIHAs KyJIbTypa B Mupe. KonmuecTBo ee copToB, 10 pa3HbIM
HMCTOYHHMKAM, COCTaBIsET OT 3 ThIC. (3y0oB, 2004) 1o 20 ThIC.
(Komsutos, 2007). ITo nanasmm Global Conservation Strategy
for Fragaria (Strawberry) (2008), MEpOBast KOJICKIIUS 3EMJISI-
HUKH HACYMUTHIBACT PUMEPHO 15 ThIC. 00pa3I0B, 13 KOTOPHIX
0KoJ10 12 TBIC. — cOpTa U 3 THIC. — IUTHBIC THOPHIEL. B psine
pabot uccienoBaresneii atoi Kynerypsl (Lopez-Medina et al.,
2001; Kupto6as, [lernos, 2003; Marana, 2003; KombLuios,
2007; Fontana et al., 2016) oTMeueHo, 9TO IS 3EMIISTHUKH
CaJI0BOI Ba)KHBIM KPUTEPHEM €€ YCIEIIHOTO BO3/ICIBIBAHUS
SIBIISICTCS TPABIJIBHBINA TTO00P COPTOB, aIaNTHPOBAHHBIX K
MECTHBIM YCJIOBHSIM BO3ZEJIBIBAHUS M CHCTEMaM BBIPAIIU-
BaHMs. B3anmoselicTBre TeHOTHIT—Cpeia 9acTo 3aTpyJHSIET
OMPEACIICHUC JTYYIIUX T'CHOTUIIOB B PA3JIMYHBIX YCIOBHUAX
BBIPAIMBAHMS.

3eMIISTHUKA caJ0Bast — CII0KHAs B U3YYEHHH KYJIBTYpa, 4TO
06’B$ICH5[GTCH €€ CJIOKHBIM I'CHOMHBIM COCTaBOM, ITOJIMT'CHHBIM
XapaKTepOM HACIJIEZIOBAHUS NPU3HAKOB, a TAKXKE CHIIbHBIM
MOAN(DUIMPYIOIIUM BIMSHUEM YCJIOBUI BBIPAIIMBAHUS Ha
[IPOSIBJICHUE KOJIMYECTBEHHBIX IPU3HAKOB. XapaKTep pa3Bu-
THS PACTEHUM, BbIpayKaeMblii HOPMOM peaklUy FeHOTHIIA Ha
KJIMMaTHYECKUE U TOYBEHHBIC YCIIOBUS, Pa3INueH 1 H3MEHSI-
eTcsl B 3aBUCUMOCTH OT copra. [103ToMy paboThl 10 H3yUESHHUIO
HOPMBI PEAKIINU COPTOB 3€MJITHUKH B Pa3JIMYHBIX SKOJIOTO-
reorpapMueCcKUX YCIOBHSIX aKTyaJIbHBI M B HACTOSIIIEE BPEMSI
(Sieczko etal., 2015; Mathey et al., 2017; Gabriel et al., 2018;
Singh et al., 2018).

CunTaercs, 4To €Cii COPT 00ECHEeYNBaCT BHICOKYIO CTa-
OMJIbHYIO IPOIYKTUBHOCTB B OJIHOM PETHOHE, TO OH 00J1a/1aeT
cnendryeckoi ananranueil. Ecim sxke copT moka3eiBaeT Xo-
POIIYIO IPOAYKTHBHOCTh B HECKOJIBKMX Pa3JIMYaIOIIUXCs TI0
YCIIOBUSIM PETHOHAX, MMeeT OOJIbIION apeajl BhIpalMBaHHus,
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TO y Hero obmas agantanus. Copra Takoro TUIMa, Kak 1pa-
BUJIO, CJ1a00 pearupyroT Ha N3MEHEHHSI OKPYIKafoLIel Cpeibl
U COXPAHSIOT OCHOBHBIE COPTOBBIC MPU3HAKH, CTAOMIBHBIN
ypoXaii C THITUYHBIM Ka4eCTBOM IIJI0/I0B, HECMOTPS HA yXy/I-
nieHue ycnoBui BelpamuBanus (Pageesa, 1975).

CoBpeMeHHOE SITOZOBOJICTBO MPEABSBISIET MOBBIIICHHBIC
TpeOOBaHMS K aJalTUBHOCTH COPTOB ISl MOJYUCHUS CTa-
OounbHbIX ypoxaeB. R.W. Allard u A.D. Bradshaw (1964)
MIPEITOKHUIIH J1BA TIyTH y4eTa CTaOMIBHOCTH COPTOB: MHAHU-
BUIyaJIbHYIO Oy(epHOCTH — COPT NMPECTABICH TEHOTHIIAMH,
Ka)K[IbIil U3 KOTOPBIX MPUCIIOCOOJICH K PsIILy CpeJl, U MOITyJIsi-
IIHOHHYIO Oy(hepHOCTh — KaXKaast 0cOOb B COPTE MPHUCIIOCO0-
JIeHa K OIpeeseHHOl cpene. B renernyeckn romoreHHOMH
MOMYJISIMY 3eMJISIHUKH CaJIOBOH (BEreTaTMBHOE IIOTOMCTBO
O71HOM 0TOGOpHOM ruOpuaHOK (Gopmbl F,) mpeobnagaer no-
mynsnuonHasi Oygdeprocts. [IposiBienne B3anMonecTBUS
TeHOTUII—CPEe/a, 0 MHEHHIO 3TUX aBTOPOB, 3HAYMTEIHHO
OCIIOJKHSIET CENEKIIHIO Ha aalTUBHOCTB K HETIPE/ICKa3yeMbIM
M3MEHEHHSIM BHEIIHUX YCIIOBHH U 0TOOp HanboJee neperex-
TUBHBIX COPTOB JUIsl BO3/ICJIBIBAHUS B TIPOU3BOJICTBE.

TpanunuoHHas METOJONIOTUS ONPEEICHNS LEHHbBIX Te-
HOTHITOB PAaCTEHHUH CTPOUTCS Ha TPEX OCHOBHBIX MOAXO/AX,
pe/lyCMaTpUBAIOIIMX PACIIO3HABAHHE TEHOTHIIOB COPTOB I10
(eHOTHITY, THOPUIONOTUYECKUN aHAN3, a TAKKE METObI
MOJIEKYJISIPHO-TEHETHYECKOTO aHA/IN3a CHeIU(PUIECKUX TO-
JMHYKJICOTH/IHBIX IMOcieaoBaresibHocTed. OHaKo HU OAMH
13 yKa3aHHBIX MTOJX0/I0B HE OTIIMYAETCS B IOJDKHOM CTETIEHU
coYeTaHneM HeOOXOMMOMN a1eKBaTHOCTH M YyBCTBUTEIILHO-
CTH /1715l KOPPEKTHOTO OIMCAHMUSI K3MEHYHBOCTH UCCIIETyEeMOit
KyJIBTYpBI M yCTAHOBJICHHS BKJIaJJOB TeHETHIECKUX (P(HeKToB
B PEAJIN3aIMI0 U3y9aeMbIX TPU3HAKOB.

Jist onpeienieHys Jy4IIUX TeHOTUIIOB 3€MJISTHUKU B pa3-
JMYHBIX YCIOBUSX BBIPAIIMBAHUS MPEATOKEHO HECKOIBKO
TeHETHKO-cTaThucTHIecKuX Mozaeneil. ITo mueruro R.W. Zobel

BaBunosckuii XypHan reHeTuku u cenekuyum / Vavilov Journal of Genetics and Breeding - 2019+ 23 - 6



B.W. NanwwH, B.B. AkoBeHKO
C.H. Wernos, B.H. MonopoHbiii

¢ xomeramu (1988), M.M. Nachit ¢ komreramu (1992) u
P. Annicchiarico (1997), B3auMonelicTBre TEHOTHII—Cpea
MOYKHO HCCJIEJI0BATh C Pa3HbIX CTOPOH, HO TaK KaK MHIIMBHU-
JlyaJIbHbIE PEAKI[MH COPTOB HAXOIST CBOE OTPAKEHUE B M3-
MEHYHBOCTH KOMILIEKCA PU3HAKOB, TO JJIsl H3Y4EHHUS YKa3aH-
HOTO B3auMOJIEHCTBUSI OoJiee MPe/IoYTUTEIbHBI MHOTOMEp-
HBIE CTATUCTUYECKUE METO/IBI, @ HE OJJHOMEPHBIE PErpeCcCHOH-
HbIe Moenu. Jpyras monens 6puta mpeaioxkena H.G. Gauch
(1988), H.G. Gauch u R.W. Zobel (1988) n npexycmarpusana
aHaJIM3 B3anMOJICHCTBYSI TEHOTHIT—CPE/ia METOJIOM IJIaBHBIX
KOMITOHEHT.

B HacTosiiiee BpeMsi HU OJIUH U3 [IEPEUUCIICHHBIX METOIH-
YECKMX IMOAXO0/I0B B ITOJHOI Mepe He SIBIISETCS KOPPEKTHBIM
OTPaKCHHEM FeHETHYECKOM CTPYKTYPbl U3MEHYNBOCTH 3EMJIs-
HUKH B PAMKax B3aMMOJICHCTBUS TEHOTUII—CPEJIa, TIOCKOIBKY
HE CYILIECTBYET OOIICTIPUHSTON CTaHAaPTHON MOJIEIH, YUHUTHI-
BAIOIIEH BECh KOMILIEKC aCTIEKTOB aHAJIM3a B MHOTO(aKTOPHBIX
JKCIIEpUMEHTaxX ¢ Oosee uem oaHuM (akropom. Pa3paborka
HOBBIX METOJTMUECKHX TTOJIXO/IOB K OIIEHKE B3aUMOJICHCTBUS
TeHOTHUII—CPE/ia — JJIOTHYECKOE MPOIOIKEHUE UMEIOLIIUXCS Pa-
0OT 110 KyJIETypE 3 MJISIHUKH, BBITOJTHEHHBIX C IPUMEHEHUEM
METOZIOB MHOTOMEPHOMW CTaTHCTHKH. Llespio Hamel paboThl
OBLIO CO3aHNE METOIUYECKOro MOJIXO0Aa K OLIEHKE BKJIaaa
B3aMMOJICHCTBHS TEHOTHIT—CPE/Ia B M3MEHYHUBOCTD IIPH3HAKOB
MPOYKTUBHOCTH M KQ4€CTBA SITOJ 3EMJISTHUKH 1 OTTIpeJIeSICHUE
COPTOB 3eMJISTHUKHU CO CTAOUIIbHBIM T€HOTHIIOM.

MaTtepwuanbl n metogbl

B pabote ncrnonp3oBaHbl gaHHBIE, MOMydeHHBIE B 2016—
2018 rr. Ha skcriepuMeHTaNbHOM 0a3ze CeBepo-KaBkaszckoro
(henepasbHOTO HAYYHOTO LICHTPA CaJI0BO/ICTBA, BUHOTpaIap-
ctBa, BuHonenus (CKOHIICBB) — 3A0 OnbITHO-TIPOU3BOI-
CTBEHHOM XO03sHCTBe «LleHTpasbHOE», PACIIONIOKEHHOM B
[Tpuky6anckoii 3oue KpacHomapckoro kpasi (OKpeCTHOCTH
r. KpacHozmapa), n Ha ygacTke copTonsydeHus — KpbiMckoi
OTIBITHO-CENCKIMOHHON cTaHImn — ¢umane BUP (KOCC
BUP), B npearopuoii 3oue KpacHomapckoro kpast (Okpect-
HOCTH T. KpbIMCKa).

Kpacnonap naxonurcs B 10kHOM yactu Bocrouno-EBpo-
neiickoil paBHUHBI Ha [IprKyOaHCKOH HM3MEHHOCTH, MpakK-
THuecku B 1eHTpe KpacHomapckoro kpasi, B F0’)KHOM 4acTu
IIpuxy6anckoit paBHUHBL. Penbed KpacHomapa criokoitHbIH,
POBHBIN, UMEET POBHBIN YKIOH K ceBepo-3amagy. Beicora
HaJ ypoBHEM Mops Kosebnercs ot 19 mo 32 m. Kpacnomap
PacIoJIOKEH Ha I0KHOW I'pPaHHIE YMEPEHHBIX IHPOT U
UMeeT MATKHH KOHTUHEHTAJNbHBIH KimMar. OueHb penko
HaOJIFOIAFOTCS] BTOPXKEHUSI apKTHUECKOro Bo3ayxa. st nera
XapaKTepHO BTOP)KEHHE TPOMHMUYECKOTro Bo3nyxa. CpemHss
TemIeparypa Bo3ayxa B utone gocruraet +25.8 °C. Tak kak
KpacHonap, Haxonsmuiicss Ha rpaHULEe MEXIY TEIIbIMU
MOPSIMHU U XOJIOTHBIM KOHTHHEHTOM, OTKPBIT JUISI BTOPXKECHUS
Pa3IUUHBIX (U TETUIBIX, X XOMOJHBIX ) BO3IYIIHBIX Macc, TO JUIs
HETO XapaKTepHbI PE3KUE MOTOJHbIC U3MEHEHNUS, 0COOCHHO
TEMIIEpaTypsl BO3/1yXa.

KpbIMck pacrionoxkeH Ha Oepery p. AaryM B peAropbsix
ceBepo-3anajHoi yactu [maBHoro Kamkasckoro xpe0ra, B
102 kM K roro-3anany ot Kpacnonapa u 53 kM K ceBepo-BoC-
Toky ot HoBopoccuiicka. Kinumar B KpeiMcke ymepeHHO KOH-
TUHECHTAJIBHBIN BaXHbIA. CpemHss TemIeparypa BO3lyXa
B utone coctasisieT +30 °C. HecmoTps Ha TO 4TO cpeqHue
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TeMIIepaTypbl 3UMHUX MECSIIEB B TOPOJIE TIOJIOKHUTEIbHBIC,
3UMOM MPH MPOXOKICHNH XOIOTHBIX aTMOC(HEPHBIX (PPOHTOB
HEpEeAKO TeMIepaTypa MOKeET ommyckarbest Huxke —20 °C.

OOBEKTOM HCCIICIOBAHUSI CTATH 27 COPTOB 36MJITHUKH Ca-
JIOBOW Pa3IMIHOTO IKOJIOTO-TEOTpapIIecKOTO MPOMCXOXK-
nenns w3 xkomwiekimu CKOHIICBB: Annba, Kiepu, Cupus,
Hemnu, Benpyou, Asus, Anuna, Buma Kumbepiu, Dierus,
Tammus, Pokcana, Xone#t, Onna, Upma, Buma Tapna, Tapma
Bukona, Mapmonana, Dnbcanta, Enuzasera II, ®@nopenc,
Jxenu, Buma Kcuma, borora, Taupa, Kemusi, Monnuar
ITanmopa, Buma 3anta u 24 copra xommtekmnn KOCC BHP:
Anwba, Kepu, Anuna, Xonei#t, Pokcana, [lapcenekr, Ka-
Mapo3sa, Asusi, Hemnu, Onna, Maiis, Dnbcanta, Mosuiuar
ITannopa, @nopenc, Cupusi, 3enra 3enrana, Apomac, Mpwma,
9Bb10-2, Cuckeiin, Jlyusa, Ilenares, Tenbma, Enuzasera 11.
[ToneBbie OMBITHI B IBYX 30HAX OBLIH OCTABJICHBI 10 SAUHON
cxeme. [1pu BeIpaniBaHUH COPTOB B KOJUICKITHAX IIPUMEHSIIN
2-CTpOUHYIO NMOCAAKY pacTeHHil, cxeMy pasmerienus 130 +
35%30 cM, OfIHY JIMHUIO KaIleJIbHOTO OpOIIEHHs ¢ epTura-
IIUEH, B Ka4ECTBE MYIIFIH UCTIOIH30BAIH COTIOMY.

Wzyuanu cnenyroniue Npu3HaKy: YUCIO IIBETOHOCOB (IIT./
KYyCT), 9HACJIO SAT0[ (IIT./KYCT), CPEIIHSS Macca sITOIbI U SITO/IbI
TIepBOTO TopsiaKa ('), OOMMK W TOBAPHBINA ypoXKail (I/KycT),
TUTOTHOCTH MSIKOTH SITOJTBI (T), COACPIKAaHIE CaxapoB B sATOIAX
o mkane bpukca (°Bx), caxapOKHCIOTHBIN HHEKC.

JlaGopaTopHbIE HCCIIEIOBAHUS OCYIIECTRISUTH C HCIIONB30-
BaHHEM J1Ta00PaTOPHOTO 0OOPYIOBAHUS: AICKTPOHHEBIC BECHI
Acom JW-1C, pedppakromerp ATAGO Pocket Refractometer
PAL-0, mererpomerp FT 011 (maxoneunuk @ 0.50 cm?).

KonmuecTBeHHAs OIICHKA BIHSHUS TCHOTHIIA COPTA, YCIIO-
BHU rojia BhIPAIMBAHKUSI U UX COBMECTHOIO JICHCTBHUS Ha
M3ydYeHHbIC IPU3HAKN B HAIIIUX HCCIICOBAHNAX BBHITOJTHEHA
C TMIOMOIIBIO TUCTICPCHOHHOTO aHaIn3a. BiusHIe cpeibl BbI-
palMBaHUs HA PEaTU3aIHI0 XO3siCTBEHHO-ONOIOrMYSCKUX
MIPU3HAKOB TEHOTHITOB 3eMJITHUKH ITPEAyCMaTpUBaET BO3IEH-
CTBHUE HECKOIBKHX (PaKTOPOB, B CBSA3U C YEM B PaMKax B3am-
MOJICHCTBUS TEHOTHII—cpeia u3ydaiu 3(GdeKTs copT X roj, a
TaKKe COPT X TOJ] X 30Ha BRIpaIBanusl. HabroneHus 1 y4eTs
MPOBOIIIIN TI0 oOmmenpuHaToi B Poccuiickoit @enepanuu
[Iporpamme 1 METOIMKE COPTOU3YUESHHUSI TIIOJIOBBIX, SITOTHBIX
M OpexXOorTonHbIX KyasTyp (1999). [lns maTemarmaeckon
00pabOTKN TOTYYCHHBIX JaHHBIX UCIOIH30BAIN DS CIIe-
UATU3UPOBAHHBIX Tocoouil (Manpesb, 1988; Jlakun, 1990),
a Taxoke TPOorpaMMHBIH makeT Statistica 10.

Pesynbratbl

JlocTrkeHne MOCTaBIEHHOM LIeJU MEpBOHAYaIbHO MPENy-
CMaTpHBAJIO OLEHKY YPOBHS MEKCOPTOBOM H3MEHUYHUBOCTH B
Ka)J10M PaliOHE BO3/I€/1bIBAHUS OTAEIBHO, C yYETOM yCIOBUI
TO/1a BBIPAIMBAHMUS.

Pesynbrarsl AByX(paKTOPHOTO TUCIIEPCHOHHOTO aHAIN3a
10 (pakTopam «CopT», «roa» U B3aUMOJICHCTBHIO COPT—TOJL B
YCIIOBUSIX ONBITHOTO ydacTKa B OKpecTHOcTsX KpacHomapa
3a 20162018 rr. moka3zanu 1OCTOBEPHBIE PA3INUUS MEKIY
M3y4YeHHBIMH COPTAMHU IO BCEM MpHU3HaKaM i 5 % ypoBHs
3HaunMocTH. [To daxTopy «copT» moiaydeHHbIe 3HaYeHUs F
cocraBuiu 8.10-38.30 npu cTaHaAPTHOM 3HAYEHUU KPUTEPUS
Oumepa F,, 1.49; no dakropy «rom» — 6.90-156.50 npu
cramaptHoM F . — 2.99; mo B3anMomencTBHIO COPT—TO —
1.40-10.50 npu crangaptaom F ., — 1.35.
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Table 1. The contributions of factors variety and year
to the traits of strawberry varietie

Traits %

Contribution

interactions
variety X year

variety  year

Mean weight
of first-order berry

B ycnoBusix onmeITHOTO y4acTka B OkpecTHOCTsIX KpbIMcka
3a 2016-2017 rr. MexXy M3y4eHHBIMH COPTAMH, COITIACHO
06ouM (axropam, Ipu 5 % ypoBHE 3HAUNMOCTH yCTaHOBIIEHbI
JIOCTOBEPHBIE PA3IMYMS IO BCEM YUTCHHBIM NpH3HaKaMm. [1o
B3aMMOJICHCTBUIO COPT—TOJ /Ul INIOTHOCTH MSKOTH STOJ U
CaxapOKHCJIOTHOTO MHJEKCA B SITO/IaX JIOCTOBEPHBIX Pa3iu-
YMi MEXIy copTaMH He ycTraHoBieHO. 1o dakropy «copt»
nonyd4ensl 3HadeHus F 10.10-458.40 npu crannaptHoMm F
1/57; mo ¢axropy «rom» — 8.20—130.20 mpu cTranmapTHOM
F.. — 3.89. Tlo B3aumoneicTBUIO copT—ToA 3HauyeHus F s
BCEX MPU3HAKOB, KPOME IIIOTHOCTH MSAKOTH SITOJ] U CaXapOKHUC-
JIOTHOTO MHJEKca B sirofiax, 0sum 1.70-4.30 mpu cranmapTHOM
F.. — 1.57. Beuucnennsle B X0/1¢ TUCIEPCUOHHOIO aHAIN3a
JIOJY BIUSIHUS (DaKTOPOB NpUBE/ICHBI B Ta0. 1.

JucnepcroHHbI aHaIu3 COPTOB 3EMJITHUKH, BbIpAILLEH-
HBIX B ycoBUsX onbITHOTO yyactka CKOHI[CBB (okpecr-
Hoctu KpacHomapa), mMo3BOJIHII YCTAaHOBUTD, UTO BIIHMSIHUE
TEHOTHIIAa COPTA BCET/A BBIIIE, YEM BIMSHHE YCIOBHH roja
BBIpaIlMBaHMs. | €eHOTHI cOpTa OKa3bIBAeT MAKCHMaJIbHOE
BJIMSHUE HA COJIEpXKAHUE caxapa B sIr0AaX U MUHUMAIIbHOE —
Ha CaxapOKUCIIOTHBIH MHAEKC SITOA; BIMSHUE YCIOBHH rofa
BBIPAIIMBAHUS OKa3bIBACTCS MAKCUMAIIBHBIM JUISI KOJTMYECTBA
I[BETOHOCOB M MHHMMAJBHBIM AJI COAEp:KaHMs caxapa B
Aro/lax; MaKCHMaJIbHOE OJJTHOBPEMEHHOE BIIMSTHHE IBYX (pak-
TOPOB OIIPE/EIICHO ISl KOJIMUECTBA [[BETKOB. YCTAHOBJIECHO,
YTO COBMECTHOE BJIMAHHE Ha MPU3HAKU T'€HOTUIIA cOpTa U
YCIIOBHI! TO/1a BRIPAIMBAHUS HHOT/IA OBIBAET OOJIBILE, YEM Y
OT/ICJIBHBIX (PAaKTOPOB. DTO AT BO3MOXKHOCTD UCTIOIH30BATh
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aHAJIU3UPYEMbI MaTepuall JJisl OLIEHKU B3aUMOJEUCTBUS
TEeHOTHII—CpeTa.

Pe3ynbraTsl AUCIEPCHOHHOrO aHAIU3a COPTOB 3€MIISTHU-
KM, BBIpAIlEHHBIX Ha ONbITHOM ydacTke BIP (okpectHOCTH
KprImMcKka), yka3pIBalOT Ha PEIAfONIIiA BKJIal TeHOTHIIA COpPTa
B OOIIYI0 N3MEHYMBOCTB MO BCEM ITpHU3HAKaM, 3HAYNTEIHHO
MIPEBBIIAIOIINN, B OTINYME OT JaHHbIX 1o KpacHomapy, cym-
MapHBIHA BKJIAJ (pakTOpa «ro/» 1 B3aNMOACHCTBUSA COPT—TO/.

Peanusanus npu3HakoB NPOAYKTUBHOCTHU U KQUECTBA STOJ
pacTeHUM 3€MIISIHUKY, BbIpa)kaeMas HOPMOHM PEaKLUU I'€HO-
THTIA HAa KIMMaTHYeCKHe W TOYBEHHBIC YCIOBHUS, pa3iIndHa
U U3MEHSAETCS B 3aBUCHUMOCTH OT copTa. [ToaTomy nsyuenue
HOpPMBI PEaKUUU B Pa3IMUHBIX HKOJIOro-reorpadguueckux
YCIIOBHSIX MPEACTABISIETCS CICAYIOIMM 3TAllOM B YCTaHOB-
JICHUH TEHOTHUITMYECKH O0O0YCIIOBICHHONW CTaOMIIBHOCTH U
aJaNITUBHBIX CBOWCTB COPTOB 3€MIISIHUKH.

B3aumoneiicTBre reHOTUII—Cpea ONPENENIOCh U3MEHYU-
BOCTBIO KOMITIEKCA XO3IHCTBEHHO-OMOIOTHYECKUX TIPH3HA-
KOB I10 W3yYECHHBIM (paKTOpaM JJIsl HCCIIEyeMbIX 00bEKTOB.
AHann3 MaHHBIX MO MPHU3HAKaM ¥ TOfIaM, COBMAJAIONINM B
N3y94aeMbIX BBIOOPKaX, MOJYUYCHHBIX HA OMBITHBIX YYaCTKaX
B okpecTtHOCcTsX KpacHomapa u KpbIMmcka, BBIIIOJIHEH C ITO-
MOIITBIO TPEX(HAaKTOPHOTO AUCTICPCHOHHOTO aHAN3a, YIUThI-
BAIONIETO BJIMSHUE FEHOTUIA COPTA, KIMMAaTHUECKON 30HBI,
YCIIOBHMH rojia BBIpAIlMBAaHUS U UX COBMECTHOTO NeHCTBUSA
(Tabm. 2).

Jannblie Tabn. 2 1EMOHCTPUPYIOT, YTO BKIJIAJ T€HOTHIIA
COpTa MAaKCUMAJIBHO MTPOSIBIIETCS 10 CPEAHEN Macce U II0T-
HOCTH MSIKOTH SITOABI (orist BnusHuUS paktopa 29.0 n 26.3 %
COOTBETCTBEHHO). B TO e BpeMs Uil M3y4EHHBIX COPTOB
BJIMSHUS KJIMMaTHYECKON 30HbI BBIPALIUBAHUSA HA CPEIHIOIO
Maccy Arofbl He obHapykeHo. O0muil ypokail He 3aBHCHUT
OT roja BBIPALIMBAHUS M B3aHMMOJEICTBUS COPT—IOA—30HA
BbIpaluBanus. Hanbomnbiee BiIMsHUE Ha HEr0 OKa3bIBAIOT
(haKTOPBHI TEHOTHITA COPTA, 30HBI BEIPAITUBAHUS U UX B3aHMO-
nevictBre. CaxapOKHCIOTHBIA HHIEKC SITOJT TAKXKE HE 3aBUCUT
ot 3 dekra B3auMOACUCTBHS TPEeX (PaKTOPOB.

[Tomy4eHHBIE pe3yabTaThl COMIACYIOTCS C TAHHBIMH UCCIIe-
nosaunit K.W. Finlay n G.N. Wilkinson (1963), yctanoBus-
KX, YTO COPTa, clieln(PUUECKH MTPUCTIOCOOICHHBIE K OIpe-
JIEIIEHHOH Cpezie, UMEIOT MHOTO 00X MOP(OJIOTHYECKUX U
(hM3MOTOTHUECKHX NTPU3HAKOB.

Tak xax BIMSHHUE TOf1a BBIPAIIMBAHUS HAa COPTA 3€MJITHU-
KM OKa3aJI0Ch HEBEJIMKO, a Ha 00U yporkail — BooOIIe oT-
CYTCTBOBAJO, IPEJCTABIAIOCH BO3SMOXKHBIM IOJIyYUTh CPE-
HETO0JI0BbI€ 3HAUCHUS MPU3HAKOB U HCIIOIB30BATh UX B 1aJb-
HelmeM aHanm3e s OTpeeNieHus Hanbonee CTabMITbHBIX
TEHOTUIOB MO JIByM 30HaM BbIpamuBaHus. Beineneno 14
COPTOB, Y KOTOPBIX €CTh COBIAJICHHUE 10 ITPHU3HAKAM, H3MEPEH-
HBIM B yYCJIOBUSIX OTIBITHBIX YYACTKOB B OKPECTHOCTSIX 000MX
roponoB. CpaBHEHUE CPEAHUX 3HAUEHHUN 3TUX MPU3HAKOB C
noMouieio f-kputepust CTbIOZICHTA AT ONpPEAETICHUs peak-
UM COPTOB HA YCIIOBHSI KIMMATHYECKOI 30HBI MPUBEIECHO
B TaOI. 3.

Paznuuus cpegHux 3HaY€HUR IIPU3HAKOB y COPTOB, BbI-
paIIeHHBIX B Pa3HBIX KIMMAaTHYECKHX 30HAaX, MOTYT OBITH
BEChMa CYIIIECTBEHHBIMH WJIM YACTHYHO JINOO MOIHOCTHIO OT-
CYTCTBOBATh, HAIIPUMep, KaK y copta Anb0a. Takas cutyarust
CYIIECTBEHHO OCTIOKHSET aHAIN3 H3MEHYHBOCTH PHU3HAKOB
MIPOAYKTHUBHOCTH M KauecTBa sroA. JIJ1sl perieHnst BO3HUKIIIe-
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Table 2. Analysis of variance of studied traits in strawberry varieties grown
in experimental plots in the Krasnodar and Krymsk localities
Variability df Number of berries Mean fruit weight
ms ................... |: ................... ;2. ................. Conmbuuon% ....... ms ............... F ............... .(;2. ................ Conmbu“on%

Amongvar|et|e513 ........ 235900109** .......... 7143”6 ........................... 14212 ......... 315** ....... 459 ............. 290 .......................

Amongzones11755600 ......... 314** .......... 8257134 ........................... 9 96 ............. 22 ............ 000 ............. 00 .........................

overyear51 ........... 252000”6** .......... 109718 ............................. 9 357 ........... 219** ....... 045 ............. 28 .........................

Var.etyxzone1313g7oo ........... 64** ............ 7807127 ........................... 5290 ........... 117** ....... 323 ............. 204 .......................

Vanetyxyear13 ........ 75200 ............. 35** ............ 3573 ............ 58 ............................. 16” ............ 36** ......... 077 ............. 49 .........................

Zonexyear] ........... 597400 ........... 277** .......... 5434 ............ 394393 ........... 109** ....... 042 ............. 27 .........................

Vanetyxyearxzonem ........ 7”00 ............. 33** ............ 6600107 ........................... 1338 ........... 41**185 ............. ”7 .......................

Re5|dua| .......................... 364 ...... 21600 ............. S 21600 .......... 351450 ............. S 450 ............. 235 .......................
Variability df Total yield Firmness of fruit

ms ................... |: ................... ;2. ................. Conmbunon% ....... ms ............... F ............... .c;z. ................ Conmbu“on%
Amongvarieties 13 43403000 76" 1256957 116 | 9328700 374 302650 263
Amongzomes 1 316483500 556** 1479949 137 | 28652400 1149 135253 118
overyear511779800 ......... 031 ............... ooo .............. 00 ............................. 11134600 449** ....... 52073 ......... 45 .........................
Var|ety><zone13 ........ 29726100 ...... 52** ............ 1602120148 ........................... 2158500 ..... 87**127287 ....... 1” ........................
Vanetyxyear1312483400 ...... 23** ............ 452607 ........ 42 ............................. 1591300 ..... 64** ......... 39473 ......... 78 .........................
Zonexyear] ........... 39669400 ...... 70** ............ 323572 ........ 304173300 ..... 167** ....... 37377 ......... 33 .........................
Vanety Xyearx sone 13 9883900 17 000 00 | 1420600 57°* 156187 136
Re5|dua| .......................... 364 ...... 5694300 ......... S 5694300 ..... 527 ........................... 24920 ......... e 249200 ...... 217 .......................
Variability df Sugar-acid ratio in berries

ms ................... F ................... ;2. ................. contr.but|on% .....
Amongvanet.e513 ........ 2001 ............... 82** ............ 059 .............. 96 ...........................
Amongzones1 ........... 250431020** ........ 113193 .........................
overyear5116g35 ............. 686** .......... 079129 .........................
Vanetyxzone13 ........ 913 ................. 37** ............ 044 .............. 73 ...........................

Var|ety><year13175 ................. 07 ................ ooo .............. 00 ...........................

Zonexyear] ........... 7276 ............... 296** .......... 067109 .........................

Var|ety><year><zone13 ........ 32113 ................ ooo .............. 00 ...........................

Res|dua| .......................... 364 ...... 245 ................. S 246 .............. 401 ..........................

Notes: df, degrees of freedom; mS, mean square; F, Fisher-test (F-test); 02, variance; **p < 0.01, Fisher’s test.

TO 3aTPyJHEHUs] MPUMEHEH MHOTOMEPHBI CTaTUCTUYECKUN
METOJ — KJIaCTEPHbIN aHaJIN3, aJICKBaTHBIN peraeMoi 3a1aue.

[ToryueHHBIC CpeHETr0O/IOBbIC 3HAYCHHS TISITH IPU3HA-
KOB — KOJIMUECTBA SIT0J], CPEHEH MacChl Sro/ibl, 00LIEro ypo-
Kasi, TNTIOTHOCTH MSIKOTH SITOJIBI, CAXapOKHCIIOTHOTO HHICKCA
ATOJl — COCTaBMIM MH()OPMATHBHBIM KOMIUIEKC HMPU3HAKOB
JUISL Ka)KJI0r0 U3 COPTOB, YUYTEHHBIX B Pa3HbIX TOPOJaXx, IPo-
AQHAJIM3UPOBAHHBIN TPY MTOMOIIM KJIACTEPHOTO aHAJM3a IO
MeTony Yopaa (pUCYHOK). DTO METOJ KJIacTEePU3aIlNH IIPEITy-
CMaTpUBaeT IPYNIHPOBKY OOBEKTOB [0 KPUTEPUIO MaKCH-
MyMa MEXTPYTITOBOH ¥ MHHUMYyMa BHYTPHUTPYIIIOBON JTHC-
nepcun. Takoi MOAXO0/ MO3BOJISICT HAIEATHCSI Ha BBIJICIICHUE
HauOoJee Pa3IMYarOLUXCsl IPYII COPTOB.

Pe3ynpraThl KIacTepru3anini MOKa3bIBAIOT, UTO HAa YPOBHE
40 yci1. e BBIACISIFOTCS] TPH TPYIIIBI COPTOB (B MEPBOH — 6,

BO BTOpOii — 8, B TpeTheid — 14). CpenHue 3Ha4eHHs IPH3HAKOB
JUTS KaYKIOH 13 BRIIETICHHBIX TPYIIIT COPTOB COOpAHEI B Ta0II. 4.

CpenHue 3Ha4eHUS IPU3HAKOB B PA3HBIX KJacTepax ObUIN
IIOABEPTHY THI ITOIIAPHOMY CPABHEHUIO C IIOMOLIBIO -KPUTEPUS
CrrronenTa. Oxa3anock, 9TO 3HAYCHHS TAaKUX MTPU3HAKOB, KaK
CpenHsIsl Macca SIroJibl, INIOTHOCTD MSIKOTH SITOJIBI U caxapo-
KUCJIOTHBIN UHJICKC, HC UMCHKOT CTATUCTHYCCKU 3HAYUMBIX
paznuuuii Mexy kiaactepaMmu. [Ipu3HaK KOJIUYECTBO SITOJ
pasnmygaeTcst MeX 1y IIepBbIM M BTOPBIM Kiiactepamu (¢ =4.34
npu p <0.01), a TakKe MEXIY EPBBIM U TPETHUM KJIaCTEPAMH
(¢=4.01 mpu p <0.01). O6mmit ypoxait UMEET CTaTUCTUIECKU
3HAYMMBIE Pa3JINYMs MEX/IY TIEPBBIM U BTOPHIM KJIACTEpaMH
(¢t =10.99 npu p < 0.01), nepBeIM U TPETHUM KJacT€paMu
(¢t =6.91 mpu p < 0.01), BTOpPBIM U TPETHUM KJIACTEPaMU
(t=6.70 mpu p <0.01).
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Evaluating the variability of productivity and fruit quality
in collections of Fragaria x ananassa Duch.

Table 3. Comparison of mean traits of strawberry varieties grown in different climatic zones

Variety (zone) Traits Variety (zone)  Traits

1 ............... 2 .............. 3 ................ 4 ............... 5 ............... 1 ............... 2 .............. 3 ................ 4 ............... 5 ............
Asal@ 55.15% 1491% 82759 28100° 680° |Neli(@ 7595% 1641 124121* 46850 540
Asal) M60* 1822* 75853 31700° 525° |Nellib) 3990% 1519 60623% 38800 405
Aina@ 4420* 1272* 55871 39150° 674° |Ondaf@)  7805* 1297° 1019.21* 39100 844
Ainal) 3550° 17.06" 60654 30800" 420° |Onda(b)  4350° 17.24% 74935* 40200 710
Aba@ 4800 1583 74736 43800 566 |Roxana(a)  5630° 17.02° 95093* 38250 633°
Abatb) 4710 1472 69308 37800 525 |Roxana(b)  3430" 2005* 687.70° 290.00* 435%
Elizabethll@) 69000 1207* 81879° 32842 892 |Syriaa 6295* 1240  78244% 45050° 734
Elizabeth i) 7090 887* 62006 32090 522° |Syriab) 4340 1250  54608° 32800° 620
ma@ 5815 1545 89562 30050 7.00° |Florence(s) 6600 13.69% 89845% 468.50% 757°
matb) 6590 1463 97940 32300 520° |Florence(b) 5800  11.54% 669.87% 34400% 465%
Clery@ 5410 1276 70670 44600° 834" |Honeoye(a) 5335 9.40° 49856 29150 598
Clery®) 5060 1256 74820 30400° 635" |Honeoye(b) 4270° 1146" 48905 24800° 715
MallingPandora (a) ~ 7930° 1600* 1117.47* 288.00* 592  |Elsanta(a)  8280° 1202  991.02° 26700 7.57%
Malling Pandora (b) ~ 5380° 11.13* 59853* 22300* 485 |Elsanta(b)  5490% 1298  71255% 24500 535°

Notes: Trait designations: 1, number of berries (pc); 2, mean fruit weight (g); 3, total yield (g per plant); 4, firmness of fruit (g); 5, sugar-acid index of berries.
Experimental plots: a, outskirts of Krasnodar, b, outskirts of Krymsk; * Differences between varieties planted in different climatic zones significant at p < 0.05.
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Cluster analysis of strawberry varieites in experimental plots in the vicinity of Krasnodar and Krymsk.

Experimental plots: a, outskirts of Krasnodar, b, outskirts of Krymsk. Varieties: 1, Asia (a); 2, Asia (b); 3, Alina (a); 4, Alina (b); 5, Alba (a);
6, Alba (b); 7, Elizabeth Il (a); 8, Elizabeth Il (b); 9, Irma (a); 10, Irma (b); 11, Clery (a); 12, Clery (b); 13, Malling Pandora (a); 14, Malling Pandora (b);
15, Nelli (a); 16, Nelli (b); 17, Onda (a); 18, Onda (b); 19, Roxana (a); 20, Roxana (b); 21, Syria (a); 22, Syria (b); 23, Florence (a); 24, Florence (b);

25, Honeoye (a); 26, Honeoye (b); 27, Elsanta (a); 28, Elsanta (b).

Haubonee BeICOKMM yposkaeM 001a1ai0T COpTa, BOIIEIINE
B riepBbId kiactep: Hemm (Kpacuonap), Momnunr [Tanopa
(Kpacuonap), Pokcana (Kpacuomap), Ouna (Kpacuomap),
Onpcanta (Kpacnomap), Upma (Kpemvmcek). Hanmensmmii ypo-
JKal IoKa3aJii copTa U3 BToporo kinacrepa: Xone (Kpsimck),
Xoneii (Kpacnopap), Mosummnr [lannopa (Kpeimck), Enu-
3aBera II (Kpemck), Ammaa (Kpemvek), Cupust (Kpbivck),
Henmm (Kpeivek), Anuna (Kpacuonap). Cpenuuit ypoxkait
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MMEIN COpTa U3 TpeThero kiactepa: dmopenc (a), Kirepu (a),
Cupus (a), Onna (b), Ann0a (a), Priopenc (b), Anbsoa (b), Dmb-
canTa (b), Pokcana (b), Kiepu (b), Azus (b), pwma (a), Enu-
3aBeta I (a), A3us (a).

[onydeHHbIe TaHHBIE CBUICTEIBCTBYIOT O TOM, YTO COPTa
Hemnnu, Momunr [Tannopa, Pokcana, Onna, DnbcanTa qaoT
MaKCUMAaJIbHBIM ypokail B KIIMMaTuueckux yciaosusx Kpac-
Hojapa, a copT Upma — B ycnosusix Kpeivcka. Copra Xonei
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Table 4. Mean values of traits in the recognized clusters
of varieties

Cluster

Traits

1 AJMHA MMEIU HEBBICOKMH ypokail B 00€MX KIMMaTH-
4ecKuxX 30HaXx. B xnumarmueckux ycnoBusx KpsiMcka He
CMOIJIH TIOJTHOCTBIO PEAIN30BaTh CBOM MOTEHIMAN YpOKast
Takue copta, kak Momnuar ITannopa, Enuszasera 11, Cupus
u Hennu.

OxauH 13 croco0OB OLEHKH TeHOTHIHYECKUX Pa3sTHIAn
COPTOB, BBIPAIIIEHHBIX B PA3HbIX KITMMAaTHYECKHX 30HAX, — H3-
MEPEHUEC CBKIIMI0BA PACCTOAHUA MCKAY HUMU 110 pE3YyJibTa-
TaM MPOBEICHHOT0 KJIACTePHOTO aHamn3a. MHpopMaTHBHBIHA
KOMIIJIEKC, KOTOPBIH B HAIIEM CITydae COCTOSUT U3 MSTH MPHU-
3HAKOB, ITO3BOJISIET IOy YU Th HHTErPAIBHY IO XapaKTEPUCTUKY
M3y4aeMbIX COPTOB. Tak KaK KJIACTEPHBIN aHAJIN3 TIPOBOIUTCS
C Y4YETOM EBKJIMJIOBBIX PACCTOSHUH MEXIy 0ObEKTaMu, 10
3TOM BEJIMYMHE MOKHO CyAUTDb O NIOTCHIIUAJIbHBIX ITCHETHYC-
CKH 00YCIIOBJICHHBIX PA3IHUHIX MEXKTy COPTaMH, OTPaXKaro-
IIMXCSI BO B3aWMOJACHCTBHU TeHOTHII—cpena. Yem Oorpiie
BKJIaJ 5TOrO BSaHMOﬂeﬁCTBHﬂ B O61Hy}0 U3MCHYHUBOCTbH, TCM
GoutbIne pasINuus MEXIY COPTaMHU.

[Ipu peanuzanyu TOro aAropuT™Ma Mbl HOIYYUIIN CIEAYIO-
Ue E€BKINAOBBI paCCTOAHUA OJIs1 COPTOB, BbIPpAILICHHBLIX B
Pa3HBIX KJIMMAaTHYECKUX YCIOBUIX, B MOPSIKE BO3PACTAHUS:
Xowneit — 46, Azus — 79, Anpba — 81, pma — 87, Anuna — 97,
Knepu — 148, Enuzasera II — 190, ®nopenc — 260, Cupus —
267, Onpa — 272, Poxcana — 280, Dnbscanra — 281, Moynar
ITannopa — 524, Hemu — 641. OtMeuaroTcst 3HaYUUTEIbHbIE
pazinuuus 1 coproB Hemnu u Mosnunr Ilannopa, peanu-
3YIOLMX CBOW IOTEHLMAJT YPOXKAHHOCTH B Pa3HbIX KIMMa-
TUYECKHUX YCIOBHAX. EBKIIMIOBO paccTosiHuE At COPTOB
XoHeii 1 AJMHa, He pealM30BaBIINX CBOW IIOTEHIMA B 000MX
M3YYEHHBIX KJIMMATHUECKUX 30HAX, 0Ka3aJ0Ch HEOOIBIINM.
JI0BOJIbHO 3HAYMTEIBHBIMU OBUIM €BKJIMOBBI PACCTOSHUS
st coproB dnopenc, Cupus, Onna, Pokcana, Dnbcanra,
BBIpAlLEHHBIX B ycinoBuAX Kpacnonapa u Kpbimcka.

PesynbTarsl n3ydeHus: COPTOB 3EMIISTHUKH, BBIPAILEHHBIX
B Pa3HbIX KJIMMATUYCCKUX YCJIOBUAX, CBUACTCILCTBYIOT,
YTO UM CBOWCTBEHHBI PA3IIMUHS B CTPYKTypE U3MEHUNBOCTH
MPU3HAKOB MPOTYKTUBHOCTH U KauecTBa AroA. Jns ycnosuit
KpbivMcka mpeoOiiaialoniuM 0Ka3ajioch BIMSHUE TEeHOTHIIA
copra, a Ju1st ycnoBuii KpacHonapa, Kpome BIUSHUS TE€HOTUIIA
COpPTa, OKa3bIBAETCSI CYIIECTBEHHOM U CpeloBasi KOMIIOHEHTA
B BUJIC BSaHMOﬂeﬁCTBMﬂ TCHOTUII—CpEaa. CraTucTuyecKu J0-
CTOBEPHOE BIIMSHHE 30HBI BBIPAIMBAHKS YCTAHOBIECHO IS
MPU3HAKOB MPOJYKTUBHOCTU U KaueCTBa Sr0[, 3a UCKIIOYE-
HUEM cpeiHel Macesl sroabl. IIpu aTom pasnuuus cpenHux
3HAUCHNH NMPU3HAKOB Y COPTOB MOTYT OBITH KaK CyIIECTBEH-
HBIMH, TaK U YACTHYHO WJIU MOJIHOCTBIO OTCYTCTBYIOIIMMHU.
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OueHKa U3MEeHUVBOCTU MPU3HAKOB MPOAYKTUBHOCTU
1 KauecTBa Arof B Konnekumsx Fragaria x ananassa Duch.

J{n1s1 BBIsABIIEHUSI IEPCIIEKTUBHBIX COPTOB IIPU BbIpAIIUBa-
HUU B U3yYaeMbIX 30HaX PEKOMEHIYETCSI HCIIOb30BaTh Kila-
CTEPHBII aHAJTN3 10 HH(YOPMATHBHOMY KOMILICKCY IIPH3HAKOB
C BBIUMCIIEHUEM €BKJIMJOBBIX PACCTOSIHUN MEXIy COpTaMu,
BBIPALLEHHBIMU B Pa3HBIX YCJIOBHAX. BenuumHa eBKInmoBa
paccTosSTHUS OyIeT SBISATHCS MEPOIl BIHMSHHS KOHKPETHOU
cpezbl Ha FeHOTUIT pacTeHUl. UemM MeHbllle 3HaYeHUE €BKJIN-
JIOBOT'O PACCTOSIHUSA Yy COPTa, COIVIACHO KOMILJIEKCY U3yUYEHHBIX
MIPU3HAKOB, TEM OOJBIICH CTAOMIEHOCTEIO XapaKTePU3yeTCs
9TOT COPT.

3aKknioyeHune

[IpeioxeHHbI METOANYECKUM TTOJXO0/1, OCHOBAaHHBIM Ha aJI-
TOPUTME MHOTOMEPHOM MaTeMaTHUYeCKOM CTaTUCTUKH, MOX-
HO HCIOJIb30BaTh B KAUE€CTBE HHCTPYMEHTA OLIEHKH BIUSHUS
B3aMMO/IEVCTBUS TEHOTUII—CPE/la HA KOMILJIEKC XO35ICTBEH-
HO-OMOJIOTHYECKUX MPHU3HAKOB, OMPEASIAIONINX MPOIYK-
TUBHOCTb U Ka4€CTBO SIFOJ] COPTOB 3€MJIIHUKHU CaJ0BOH B
p33H006pa3HbIX OKOJIOTUYCCKUX YCJIOBUAX BbIpalllUBaHUSA C
y4eToM ux cTadmibHOCTH. OH MO3BOJUT MOBBICUTH (P dek-
TUBHOCTH METOJIOB OLIEHKU aJallTUBHOTO U MPOAYKLIMOHHOTO
IMoTeHIIMaJIa COPTOB 3EMJIAHUKU U MOXKCT 6bIT]) HCIIOJIb30BaH
JUTS ONPEAETICHNSI TCHOTUIIOB 3€MIITHUKHU C BEICOKUMHE OHO-
METPUUYECKUMHU XapaKTEPUCTHUKAMH XO3SUCTBEHHO IIEHHBIX
MIPU3HAKOB ISl CEJIEKIIMOHHO-T€HETUUYECKUX UCCIIEIOBAaHUMN
Y IPOMBILUIEHHOTO ITPOU3BOJICTBA.
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CNeKTUBHOCTY AanbHeNLWero ncnonb3oBaHNA 06pa3LoB OBCa NapanienbHO U3MepANu apyrue xumuyeckne, Gusn-
YyecKme 1 NPOAYKLMOHHbIE XapaKTepUCTUKN: copaepKaHue 6enka 1 Macna B 3epHe, MNeHYaToCTb 3epHa, HaTypy, Mac-
cy 1000 3epeH, MPOAOMKUTENIbHOCTb BEreTaLllOHHOIo Nepuoaa 1 BeIMUMHY ypoxanHoCT. O6beKTOM KOMMIEKCHOW
OLIEHKM CRYXUnn 14 nneHvaTbiX U 5 ronosepHbix 06pa3LioB 0Bca Komekummn Bcepoccninckoro MHCTATYTa reHeTu-
YyecKkmx pecypcoB pacteHun nm. H.W. BaBunosa (BUP) pasnuuHoro reorpadpuyeckoro nponcxoxgeHus. NneHvatoie
06pa3ubl popMUPOBaN 3ePHO C cofepkaHneM B-rnioKaHoB oT 2.9 [0 5.2 %, ronosepHble — oT 3.7 Ao 4.8 %. MNo mu-
HMMasbHbIM 3HaUYeHVAM S3TOrO NMoKasaTesna BblAeNUINCL COpTa KPacHOAPCKOW cenekuun — TyouHcknia, Kasbip, CaaH
(okono 3 %), No MakcMmanbHoMy — 3apybexxHblii o6pasel, MecTtHbin TyHuc 1 (5.2 %). Hanbonbluee copepkaHre mac-
na B 3epHe MMEeIOT BO3eNblBaeMble B HacTosLee Bpems B KpacHospcKom Kpae copTta Ty6uHcKuin, Kasblip 1 CasH. Mo-
BblLLEHHOE HaKomnyieHne 6esika B 3epHe 06HapyXeHO Y nneHuyaToro copta MecTtHblli TyHMC 1 1 rono3epHoro obpasua
Batckuir. Mo copgepxaHuio B-rioKaHOB B 3epHe C yYeTOM APYrUX ero XapakTePUCTUK Y BENNUNHBI YPOXKANHOCTY yy-
Wwire obpasLbl ANA KPYNAHOTo HanpaseHna (MakcManbHbI YpoBeHb 3THX BelecTs) — MecTHbivi TyHuc 1, MegBeab
1 TanfoH, a ANA KOPMOBOTO MCMOMb30BaHNA (MUHUMaNbHbIA YpoBeHb) — TyOuHcKmI, Batckuin n fonew. He o6Hapy-
YKEHO 3aMEeTHOTO NPeNMyLLECTBA FONI03ePHbIX 06Pa3LI0B MO CPABHEHMIO C MIEHYATBIMU MO COAEPXKAHNMIO B-ToKaHOB
B 3epHe. Y niieHYaTbix 06pa3L0B OTMeUeHa BblCOKasA Cu1a MONOXNUTENbHON CBA3W MeXAy COAepKaHnem macna mbo
(-rnioKaHOB B 3epHe U rofOM BblpalyMBaHWA OBCa. Y rofio3epHbiX $OpM YETKOW CBA3M MeXay cofepkaHnem pac-
CMaTprIBaeMbIX XMMMYECKUX BELLLECTB B 3epHe pa3Hbix 06pa3Li0B 0BCa 1 FOAOM UX BbIPALLMBAHWA HEe YCTaHOBIIEHO.
KnioueBble cloBa: OBeC MOCEBHOW; OLEHKa; 3epHO; BereTaunoHHbIM nepuog; macca 1000 3epeH; ypoXKanHOCTb;
HaTypa; NIEHYATOCTb; Macso; 6enokK; B-roKaHbl.
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In order to identify samples with a minimum and maximum content of B-glucans in the grain, screening of oats
grown in Eastern Siberia for three years was performed. To determine the prospects for further use of oat samples,
other chemical, physical and production characteristics were measured in parallel: the protein and oil content in the
grain, its film content, test weight, 1000 grains weight, the vegetation period and the yield. The object of a compre-
hensive evaluation was 14 hulled and naked 5 VIR (N.I. Vavilov All-Russian Institute of Plant Genetic Resources) oats
samples of different origin, mainly from Siberia. The hulled samples formed grains with -glucan content from 2.9 to
5.2 %, while the naked ones, from 3.7 to 4.8 %. The lowest values were in the Krasnoyarsk varieties Tubinskiy, Kazyr,
Sayan (about 3 %); the highest, in the foreign accession Local Tunisia 1 (5.2 %). The highest oil content was shown by
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Tubinsky, Kazyr and Sayan, all currently cultivated in the Krasnoyarsk region. An increased accumulation of protein in
grain was observed in the hulled variety Local Tunisia 1 and the naked accession of Vyatskiy. According to the content
of B-glucans in the grain, taking into account its other characteristics and yield values, the best samples for the food
direction (the maximum level of these substances) are Local Tunisia 1, Medved and Taidon, and for feed use (the mini-
mum level) are Tubinskiy, Vyatskiy and Golets. There was no noticeable advantage of naked samples in comparison
with hulled ones in the content of 3-glucans in the grain. A high strength of the positive relationship between the
content of oil or B-glucans in the grain and the year of oat cultivation was observed in the hulled samples. In naked
forms, a clear link between the concentrations of chemicals in the different grain samples of oats and the year of
cultivation has not been established.

Key words: oats; evaluation; grain; growing season; 1000 grain weight; yield; nature; test weight; film; oil; protein;
B-glucans.
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BBepeHune

Ogec noceBHOM (Avena sativa L.) — npeBHSS KyabTypa, U3-
BecTHasi yenoBeuecTBy He MeHee 4000 ser. ITutaTenpHas
LICHHOCTh 3€pHa OBCa OIPEAEISIETCS] COACPIKAHIEM B HEM
YTIIEBOJIOB, OEJKOB, JMITHIOB, BUTAMUHOB U JAPYTUX OHOJIO-
THYCCKU AaKTHUBHBLIX BCIICCTB. ITo CpaBHCHHIO C AYMEHEM U
JPYTHMH 3€pHOBBIMH KYJIBTypaMu OEIIKH 3€pHA OBCA UMEIOT
OoJsiee BBICOKYIO OMONIOTHYECKYI0 IIEHHOCTH (COlOHEHKO,
OmenbsaHayK, 1991). 3epHO 3TOH KyaBTYPHI IEHUTCS CBOMMHU
BKYCOBBIMH W JTUETUYECKHMHU Kade€CTBAMH, COJACPKHUT He-
HACBIIICHHBIC )KUPHBIE KUCIIOTHI, OCHOBHBIC MHHEPAIbHBIC
9JIEMEHTHI, TNIOOYIspHBIE OCTKH U BBICOKOE KOJTHUYECTBO
[B-raroxkaHOB, XapaKTePU3yeTCs HATHIUEM Pa3sHOOOpa3HBIX
BEILIECTB C aHTHOKCHIAHTHBIMH cBolicTBamMu (Shewry et al.,
2008; Zute et al., 2016). 3epHO HCHONB3YIOT HA KOPM KHBOT-
HBIM, B INTAHNH YEJIOBEKA, a TAK)KE B KAUECTBE MTUIEBOTO 1
MIPOMBINIICHHOTO ChIpbs (Arendt, Zannini, 2013; Loskutov,
Polonskiy, 2017).

Cpemu 0coOBIX CBOMCTB 3epHa OBCAa MOYKHO OTMETHTH Ha-
au4une crnenu(uyecKknx BOAOPACTBOPUMBIX ITHIIEBBIX BO-
JIOKOH — [-TirokaHoB. OHU MPEACTABIISIOT COOO0M pacTBO-
pHUMBIE B BO/IE JIMHEHHbBIE TOMOMOIMCAXAPHUBI, MOJICKYIIbI
KOTOPBIX cocTosAT npumepHo u3 2500 ocrarkoB B-(1.3)- u
B-(1.4)-D-rirokonupano3sl. M3BecTHO, 4TO, ¢ OJHOI CTOPO-
HBI, 3-TIIFOKaHBI OKA3BIBAIOT IPOPIIIAKTHYECKOE U JIeIeOHOe
BO3JIeHicTBHE Ha opranu3M uesoseka (Brownlee, 2011; AOy-
ranueBa, Casun, 2013; Harland, 2014), monnep:xuBas wiu
YMEHBIIIas KOIMYECTBO XonecTeprHa B kposH (Harland, 2014)
1 CIIOCOOCTBYS CHIPKEHHUIO PHCKA CEPIICYHO-COCY/TUCTBIX 3a-
6oneBanuil. C Apyroil CTOPOHBI, MOBBIIICHHAS KOHIICHTpa-
st -IJIFOKAHOB B 3€pHE OTPULATENILHO KOPPEIHUPYET C -
TaTeIbHON IIEHHOCTHIO KOpMa, UCTIOIb3YEMOTO JUTsl HeXKBad-
HBIX KMBOTHBIX, TAK KaK CO3IacT TPYIAHOCTH IJIst 1o 3 dek-
THUBHOTO YCBOGHUS B KEIYIOYHO-KUIIeTHOM TpakTe (Svihus,
Gullord, 2002).

Takum oOpazoMm, JUIsi CO3JaHHUS KOMMEPUECKHX COPTOB
OBCa KOPMOBOTO M IHIIEBOTO HAlpaBIEHUH HEOOXOANMO
MIPOBEICHHE CEJICKIINN, COOTBETCTBEHHO, HAa MUHIMAJILHOE
MaKCHMaJbHOE CofiepykaHue B-r1rokaHoB B 3epHe (Zhu et al.,
2016). Madopmanus o BeNUIHHE dTHX XUMUIECKIX COCIIH-
HEeHUH B 3epHE pa3HbIX 00pa3IloB OBCA YPE3BBIYANHO CKy/IHA
(Loskutov, Polonskiy, 2017), a 1j1st COpTOB, BBIpAIHBACMBbIX B
ycnoBusix CHOMpH, MOTHOCTBIO OTCYyTCTBYET. [loaToMy 11eme-
c000pa3HO BBITIOTHEHHE M3MEPEHHH COIEPKaHNS 3-TUTFOKAaHOB
B 3€pHE y CYIICCTBYIOLIETO pa3HooOpa3usi 00pa3IoB OBca.
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Ienp paboThl cocTosia B OLICHKE 00pa3IloB OBCa Ha CO-
JieprkaHue B-IIroKaHoB B 3epHe. J[iis onpenenenus nepernek-
TUBHOCTH JIAJIbHEHINIET0 UCIONIb30BaHUsI 00pa3loB OBCa B
3ajla4y MCCJIEI0BaHUN BXOAMJIO MapajiebHOE M3MEpEeHHUE
coziep kaHus Oeka ¥ Macia B 3epHE, ero GU3NIECKUX XapaK-
TEPUCTHUK, & TAKIKE BEIIUUUHBI YPOIKAHHOCTH.

MaTepmanbl n metogbl

OObekramu U3y4eHus ObUTH 14 TIICHYaThIX M S TOJI03EPHBIX
COPTOB OBCa U3 KOJIIEKIMK Beepoccniickoro MHCTUTYTa reHe-
THYECKHUX pecypcoB pactennid uMm. H.W. Basumnosa (BIP), 5 u3
KOTOPBIX UMEJH 3apyOeKHOE MPOMCXOXKICHNE, OCTAIbHbBIC
ObUTH cHOUpCKOU cenekiuu (Tao. 1).

WccnenoBarns nposommmy B 2015-2017 TT. Ha OIBITHBIX
nosstx KpacHOsSIpckoro Hay4HO-HCCIIEI0BaTEIbCKOTO HHCTH-
TyTa cenbckoro xozgictBa (KpacHUMCX ®UIL KHI] CO
PAH), pacrionnokeHHBIX B JIECOCTEITHOI 30He EMenbsHOBCKOTO
paifona Kpacnosipckoro kpast Bocrounoit Cubupu. ITousa
OIBITHOT'O y4yacTKa MpeCTaBlIeHa YePHO3EMOM OObIKHOBEH-
HBIM MAJIOMOIIIHBIM, XapaKTEPH3YyIOMINMCS ar POXUMUIECKIMH
MOKa3aTeNsIMu: coziepxkanue rymyca (mmo Tropuny) — 6.00 %,
N-NO, (nonomerpudeckuii skcmpecc-meron) — 31.3 mr/kr
noussl, P,O, (mo Mauuruny) — 5.00 mr/100 r nouser, K,O
(1o Maunruny) —21.9 Mr/100 r mouBsl; peakiys IOYBEHHOTO
pactBopa Onu3ka k HeWTpanbHol (pH — 6.2). [Ipeamecrsen-
HUK — 9iCThIA rmap. [Lromans nensaku — 1.8 M2, Iloces mpoBe-
JICH B ONITHMAJIBHBIE JUISI KYJIBTYPBI CPOKH, BO BTOPYIO JIEKaTy
Masi, yOOpKy 00pa3LioB OCYIIECTBIISIIN [I0 MEPe UX CO3peBa-
Husl. [loroguele ycnosus B KpacHOsIpCKoOi 1€COCTENH B FO/BI
uccien0Banus Obun KOHTpacTHeIME: 2015 . — 3acyIuTMBBII
(I'TK-0.95); 2016 u 2017 rr. — Bnaxusie (' TK—-1.59 u 1.47).

B noneBbIX yCIOBUSIX PETHCTPUPOBAIIN ATHHY BET€TallHOH-
Horo nepuoza pacrenuil. [locie yOopku 3epHa onpenesnsiiu
ero (usnyeckne U XMMUYECKUE XapaKTEPUCTUKU B KaXK/OM
obpasme: maccy 1000 3epen mo meroanke BUP (JlockyToB u
Ip., 2012), mIeH4YaTocTh — B COOTBETCTBUH CO CTaHAAPTHOMN
metonukoit (I'OCT-10843-76, 2001), HaTypy — M3BECTHBIM
mukpomeronom (Walker, Panozzo, 2011), conepsxanue 6ei-
ka — o Keempnamro (IOCT-10846-91, 2009), conepxanue
Macia ¥ B-TIIIOKaHOB — Ha aBTOMAaTHYECKOM 3€PHOBOM aHa-
mm3atope Infratec Analyzer1241 (Munck, 2005) ¢ ncrons30Ba-
uueM 50 mi kroBeTsl. Kommanust OOO EIRA (odunnansHbiit
npeacrasurenb FOSS Analytical Ltd. B Jlarun) pa3paborasa
KaJTMOPOBOYHYIO MOJIENb TSI ONPEAETICHUS B-TIIOKaHOB B
3epHe. Jlannsie u3 150 00pasoB 3epHa 3epHOBBIX KYIBTYP,
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Table 1. Oat accessions used in the work

VIR accession no.

npoananuzupoBanHbie MeTogaMu AOAC 995.16 u ICC Ne 168
Juist B-mrokana (Megasyme), ObUTH UCIIONB30BaHbI IS Pa3-
pabotku Mozenn KanmopoBku. KanmnbpoBouHas Moaens pe-
TYIUPYETCS €KETOAHO € JOMONHUTENbHBIMU 2030 aHHBIMU
10 3TajoHHOMY Merojy. CraHnapTHasi OmMOKa U3MEpEHUs
Ha nipudope cocrasisuia 0.3 %. IToBTOpHOCTD onpeaeneHust
Ka)KJIOr0 MOKa3aTesist IByKpaTHasl.

Craructnieckyto 00pabOTKy JaHHBIX ITPOBOAMIM C IO-
MOIITBIO CTAHIAPTHBIX KOMIBIOTEPHBIX porpaMM Microsoft
Excel. JloctoBepHOCTB pe3ynbraroB oneHuBaim mpu p < 0.05.

Pesynbratbl

BriepBbie npeicTaBIeHb! JTaHHBIE 110 COACPKAHUIO B-TIIOKa-
HOB B 3€pHE COPTOB OBCa, BBIPAILLEHHBIX B ycioBUAX Boc-
touyHo# Crbupu. CopTa OBIIH MPENMYIIIECTBEHHO CHONPCKON
CEJICKIIMH, B TOM YHCIIE ITMPOKO PACIPOCTPAHCHHBIC MECTHBIE
copra — TyOunckuii u Casin. Conepkanue B-IJIIOKaHOB B
3epHE U3MEHSIOCH B 3aBHCUMOCTH OT COPTOBOM ITPUHAIIEK-
HOCTH ¥ ToJia BEIpammBaHus (Tadum. 2). [LreHdaTsie 0Opasibt
(hopMHpOBAITH 36PHO C COEPIKAHHEM B-IJIFOKaHOB OT 2.9 10
5.2 %, ronmozepusie — ot 3.7 10 4.8 %. [lo MUHUMaTBEHBIM
3HAYECHUSIM ATOTO TTOKA3aTEeNsl BBIJCIHIINCH COPTa KPacHOsIp-
ckoii ceneximn — Tyounckuii, Kaspip, Casia (okoso 3 %), o
MaKCHMaJbHOMY — 3apyOexHbIi oOpazer;y MectHeiid TyHmC
1 (5.2 %). Caenyer OTMETHUTB, YTO, HECMOTPSI HA CHIIbHOE
BapbUPOBAHNEC 3HAUYCHHUS YKa3aHHOT'O 6I/IOXI/IMI/I‘-IECKOFO npu-
3HaKa y copra Mectasiii Tynuc 1 mo ronam (26.4 %), mocnen-
HUH XapaKTepU30BaJICS BBICOKUM COJCP)KAaHUEM [-TIIIOKaHOB
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I/I3yL|eH|/|e COpTOB OBCa pas3nM4yHoro reorpad)mquKoro
NPONCXOXOEHNA NO KavecTBY 3€PpHa U NPOAYKTUBHOCTA

Variety

BO BCE TO/Ibl MCHbITaHWs. HanMeHbIMM BapbUpOBaHHEM
paccMaTpuBaeMOro MpHU3HaKa 3a TPU TOAA U3yUEHHs OTIIH-
YJaInch mIeHdarsie oopasirsl Cancan, Kpeuet, SW Betania n
TOJI03€epHBI copT AJgaH.

B xozme uccnenoBaHuili COPTOB OBCa OMPEAETICHO COfep-
JKaHUE BYX JPYTUX BaKHBIX XUMUYIECKHX BEIECTB B 3€PHE
(cMm. Tabm. 2). B cpeanem 3a Tpu roja pasMax BapbUPOBAHUS
colepkaHusl Macja B 3epHe cooTBercTBoBanl 4.4-7.2 % y
ieH4arsix coproB U 7.3-9.0 % y romosepusix ¢opm. Ca-
MBbI€ BBICOKHE 3HAYCHHsI OTMEUEHBI y IUIEHYATOTO COpTa
Mecrubiii Tynuc 1 u ronoszeproro oopasua Bsrckuit. Hau-
Oonee cTabMiIbHOE COIEPIKAaHIE MaciIa BO BCE TOMIBI OBIIO Y
BO3/eNbIBacMbIX B KpacHosipckom kpae coproB TyOuHCKni,
Kazpip u CasgH. OgHako Ipu 3TOM OHH XapaKTepPH30BaIHCh
OTHOCHTEITFHO HU3KHUM €T0 COofiepKaHneM: B TIpenienax 4.6 %.
Oco0sIii HHTEpEC MPEACTaBISET TOJI03EPHBIH copT BaTcknii,
COYETAIOINH BBICOKOE COJIEPyKaHUE MacJia B 3¢pHE C HU3KUM
BapbUPOBAHIEM 3TOTO MIOKA3aTENs B PA3INUHBIE 10 YCIOBUAM
TOJIbI BHIPAIIUBAHUSL.

Cozneprxanue Oenka B 3epHE KaK KpUTEPUI €ro Kaiecrsa
3aBUCHUT OT COPTA, HOTO/IHBIX YCIIOBUI M yPOBHS ar pOTEXHUKU
(Tamm, 2003). B Hammx ombITax 3TOT MOKA3aTEIh H3MCHSUICS
ot 11.7 no 15.1 % y nnenuarsix u ot 14.8 10 16.8 % y rono-
3epHBIX 00pa3noB. [loBrIIIeHHOE HaKOTIIEHHE OelTka B 3epHE
OTMeEUeHO y mueH4yaroro copra Mectasiil Tynuc 1 u ronosep-
Horo obpasua Bsrckuii. CrabuiibHOE 110 rojiaM CojiepyKaHue
6enka mpu cperHeM ero 3HadeHnu 12.6—13.0 % ycranosneno
y coptoB CasiH, Anbranp, Menseap, SW Betania.
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Table 2. Biochemical parameters of oat grain samples
averaged over three years

Accession name

Content, %

Kazyr 463 54 11.69 6.7 3.03 67

Sayan45725 .......... 126627304 ........ 6 5 ........
pegasu57oo ........ 174 ....... 123950450 ........ 2 35 .....
Konfey57697 .......... 129652427 ........ 134 .....
A|ta"650 ........ 140 ........ 125946428 ........ 2 16 .....
Sapsan610218 ........ 132569383 ........ 15 ........
Avatarssg ........ 193 ........ 12” ...... 114430 ........ 6 2 ........

MedVEd575 ........ 195 ........ 130147450 ........ 146 .....

KreChet49692 .......... 1299 ..... 110337 ........ 4 5 ........

Enws435 ........ 133 ........ 122154360 ........ 121 ......

PA7836-9687643 ........ 182 ........ 128286420 ........ 104 .....
LocalTun|S|a1725251 ........ 151084517 ........ 2 64 .....
SWBetama55455 .......... 127336445 ........ 16 .......
LSDOS ......................... 100 ...................... 117085 ....................
Naked .......................................................
Go|ets72885 .......... 167190406 ........ 137 .....
Aldan87985 .......... 1617 ..... 1454]4 ........ 17 ........
Taydon827206 ........ 164852477 ........ 9 9 .......
Vyatsk|y90156 .......... 1688 ..... 103373 ........ 8 6 .......
GOSha877 ........ 155 ........ 148678437 ........ 168 .....
LSDOS ......................... 160260088 ....................

dusnveckne XapaKTEpPUCTUKHU 3€pHA, a TaKKe IoKa3aTe-
JIM IPOJYKTHBHOCTH 00pa3lioB OBca MPHBEACHBI B Ta0I. 3.
Macca 1000 3epeH — Ba)KHBIH JIEMEHT CTPYKTYPHI ypoKas
0Bca, ONPEICISIONINI HAPsTy ¢ HATypOi TEXHOJIOTHYECKUe
u ouoxumuyeckue cpoiictBa 3epHa (Couvreur, 1985). Cy-
IIECTBEHHOE TPEUMYIIECTBO TI0 3TOMY ITOKa3aTe0 UMEIN
o6paspl [lerac, Kopudeit, Ansranp, Mensens u SW Betania.
Bapeuposanue 3nHaueHuii Maccel 1000 3epeH y oOpasioB
65uT0 HeOOMBIINM, KpoMme copToB Tyounckuii, Casm, [lerac
(nneHvaras rpynmna) u rolio3epHoro oopasma AsjaH.

[Tokazarenp HaTypbl 3epHa OBCA XapaKTEPU3yeT BO3MOXK-
HOCTb €T0 UCTIONIB30BaHMs Ha KPYITy U APYTUE TIPOAYKTHI 11~
tauus (CBupkoBa u 1p., 2016). Baxknoe npakruueckoe 3Hade-
HUE VIS TIepepabOTKH UMEIOT COpPTa C HATypoil He Huxe 550
r/m (TOCT 28673-90..., 2010). B cpemaem pazmax BapbHpo-
BaHMS 3TOTO IT0KA3aTeNsl COCTaBHIJI y IUIEHYATHIX 00pas3loB
484-609 1/11, a y rono3epHbix — 588—815 1/11 B 3aBUCHUMOCTH
OT copTa M rojia BelpanuBanus. HanbosnbIryto HaTypy 3epHa
numMenH mendarsiid copt Kopudeit u ronozepnsiii [oser. Kax

686

The study of oat varieties of various geographical
origin for grain quality and productivity

u B cily4yae ¢ nokaszaresem «macca 1000 3epen», xoaddu-
IIUEHTHI BapUAIIH HATYPH! OBLTH HAaHOOIBIINMH Y 00pa3IoB
TyOuHCKMIT 1 AngaH.

W3BecTHO, 4TO 3HAYCHHE IICHYATOCTH 3€PHOBKH OBCa
BapbUpPYeT B IMIUPOKUX MPEAENaxX 1 3aBUCUT OT COPTA, yCIOBUH
MIPOM3pacTaHMsl PACTCHHUI, CTETICHH 3PEJIOCTH 3epHA M €ro
KPYIIHOCTH. Breninue njieHkyu uMeroT HU3KYIO TUTATCJIbHY O
LIEHHOCTb, TOATOMY MX MacCOBYIO JJOJIFO y OBCA I1e1ecoo0pas-
Ho cHmkath (baramosa, 2014). CortacHo naHHBIM TabMI. 3,
3HaueHME IJIEHYATOCTH 3epHA OBCA U3MEHSUIOCH B JIOBOJIHO
mUpoKuXx npeaenax: ot 18.5 10 29.0 %. Cpenn u3yyaembIx 00-
pa3ioB MUHUMAaJIbHASI BEJIMUMHA 3TOTO TTOKA3aTeNst OTMEUeHa
y coptoB Ausraup, [lerac, Mensenp u Envis. K panHecriensim
MOHO oTHecTH copra Carican, ABatap, Mensens, Kpeder, PA
7836-9687 u SW Betania (cm. Ta6. 3). IIpoomKUTenbHOCTD
BEIrCTAallMOHHOT'O MCPUOJa Y HUX MEHBIIC, YEM Y CTaHJAapTa
TyOunckuii (76 cyt). [lo niamHe BereTayiu Bce TOI03epHBIC
00pa3Irsl CyIIecCTBEHHO HE OTIINYAINCH OT cTanaapra [oern.

OnHa 13 BKHEHIINX XapaKTEPUCTHK JII0OOT0 copTa — ero
ypoxkaitHocTs (Creissen et al., 2016). B cpenaem 3a Tpu roga
BBIPALIMBAHNS MPAKTUYECKN TaKyIO JK€ BEIMYMHY ypOXKas,
Kak y cranaptHoro copra TyOuHCcKuiA, chopMupoBay mieH-
gateie 00pa3is! Kaseip, Measens u Mectusiit Tyraunc 1 (cm.
Tabn. 3). Cpean rojo3epHBIX 00pas3loB CleTyeT OTMETHTh
copT AJJiaH, y KOTOPOTO 3aperucTpUpOBaHO 3HAUCHUE YPO-
YKallHOCTH IOYTH Ha ypoBHeE cTa”zaapra [onen. I'ono3epHble
00pa3bl 10 BEITMYMHE YPOKAHHOCTH CYIIECTBEHHO YCTYTIAH
IIJICHYAaTbIM.

Pe3ynbraTsl BEIMUCICHUS KOA(PPHUINEHTOB KOPPEISIIUN
MEXIYy XUMHUUECKUMHU U (PU3HIECKUMH MOKA3aTeJISIMK 3epHa
y 00pa3ioB oBca mpuBeneHs! B Ta0i. 4. [TokazaHo Hanu4ue
CYIIECTBEHHBIX MOJIOKUTEIBHBIX CBSI3€H MEXIy CoIepika-
Huem B-mrokaHoB u Maccoid 1000 3epeH, conepkaHuem
B-TirOKaHOB M coziep)KaHUEeM Maciia B 3€pHeE; COfIepKaHueM
Macna u Maccoit 1000 3epeH. YcraHoBIeHa 3HaYMMas OTPH-
HateiabHasi KOPPEJSIHOHHAs CBSA3b MEXIY COIEp)KaHUEM
MacJla B 36pHE U €ro HaTypou.

[NomydeHHbIE B X0/1€ U3yUYECHUS JAHHBIE TIO OIIEHKE COPTOB
0BCa MOCIY)XKWIA OCHOBOH JUISl UX PAH)KUPOBAHUS 110 BCEM
M3yueHHBIM NokazaressiM. [lo copepikanuio B-IIOKaHOB,
0esKa B 3epHE, ypOXKaHHOCTH JTydIINMH Ul KPYTISTHOTO Ha-
MpaBJIEHNUs B CENIEKIIUH OKa3anuch copta Mectaslil Tynuc 1,
Mengenp u TalifoH, a 17151 KOPMOBOT'O UCIIONIb30BaHus — Ty-
OounHckui, Barckwmii u Toern (Tadm. 5).

Pesynbrarhl aHann3a KOPPEISIIMOHHBIX CBSI3eH MEXIY CO-
Jiep)KaHHeM KaKJ0ro M3y4aeMoro XMMHYECKOI'O0 BElIecTBa
Yy COPTOB OBCa MO TozaM TpeAcTaBlIeHb B Tabn. 6. Pacuer
KO3 PUIIMEHTOB KOPPEISIIAK BBITIOJHSITN JUISI COPTOB, KOH-
TPACTHBIX IO COJEPIKAaHHIO, COOTBETCTBEHHO, Maciia, Oelka
WIN B-IIIOKaHOB B 3€pHE, 2 IMEHHO: IIECTb MJIEHYATHIX (TPH
C MaKCHMAaJIbHBIM U TPH C MUHUMAJIEHBIM COZIEP’KaHUEeM KasK-
JIOT'O BEILIECTBA) M YEThIPE rOJI03EPHBIX (/1B C MAKCUMAaJIbHBIM
U JIBa C MUHUMAJIbHBIM coiepxaHueM). Ui MiIeHYaThIX
COPTOB XapaKTEePHbI BEICOKUH YPOBEHB (3HaYCHHUE) TTOJI0XKH-
TEJILHOH CBSI3U MEX1y COAEPIKaHUEM Maciia MK B-IIIIOKaHOB
B 3€pHE ¥ TO/IOM BBIPAIIUBAHUS, & TAKIKE CUIIbHAS U CPEIHSIS
CBSI3b MEXKY COZAEpKaHWEeM OelKa M TOAOM BBIPAIINBAHUSI.
UYro kacaeTcs roJI03epHBIX COPTOB, TO 1JI1 HUX YETKOU CBSI3U
MEKAY COACP)KaHMEM PaccCMaTPHUBAEMBIX BEIIECTB B 3€pHE
Pa3HbIX 00PA3LOB M IOJIOM BHIPAIIMBAHUS OBCA HE HA/ICHO.
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Table 3. Physical parameters of grain and productivity of oat accessions averaged over three years
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Accession name 1000 grain Est weight, g/L Hull content, % Vegetation period, Yield, g/m?
weight, g days

Table 4. Correlation coefficients between physical and chemical parameters of grain in oat accessions;
data averaged over three years

Grain parameter 1000 grain Test weight Hull content Content
weight e e
oil protein -glucan
1000 grain weight -
Test weight 0.075 -
0.218
Hull content -0.483 0.094 -
Oil content 0.843% -0.105 -0.547 -
-0.425 -0.968% -
Protein content 0.520 -0.229 -0.075 0.556 -
-0.425 0.308 - -0.314
B-glucan content 0.672% -0.276 -0.604 0.856" 0.571 -
0.692 -0.068 - -0.155 -0.369

* Statistically significant. Numerator: hulled accessions; denominator: naked accessions.
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The study of oat varieties of various geographical
origin for grain quality and productivity

Table 5. Ranking of oat varieties according to the content of -glucans

and other parameters important in industrial and breeding practice

M 1000 M Test m Hull Content
grain weight content et
weight® M oil

MYield

M B-glucan
content

m B-glucan
content

* M, maximum; m, minimum.

Table 6. Correlation coefficients between the contents of fat,
protein, or B-glucans in the grain of contrasting oat accessions
grown in different years

Grain parameter  Correlation coefficients in samples grown

in years:
2015vs 2016 2016vs2017 2015vs 2017
Content
oil 0.981% 0.798 0.881*
0.524 0.722 -0.077
protein 0.970* 0.679 0.578
0.942* -0.365 -0.647
B-glucan 0.974* 0.834% 0.756
0.965* -0.087 0.120

Notes: Accessions contrasting in the contents of oil, protein, or B-glucans in
grain: six hulled (three with maximum and three with minimum contents of
each substance) and four naked (two with maximum and two with minimum
contents of each substance). Numerator: hulled accessions; denominator:
naked accessions.

O6cyxpeHue
AHan3 ManazoHa U3MEHUUBOCTH PsiJia BAXKHBIX OMOXUMH-
YECKHX IPU3HAKOB KaueCcTBa JUIl COPTOB OBCA, BHIPAIINBAC-
MBIX B ycioBHsIX Bocrounoit CulOupu B TeUeHHE TpeX JIET,
MOKa3aJl, YT0 COPTOBBIE PA3JINYMS 10 COACPIKAHUIO B-TITIOKa-
HOB B 3€pHE COCTaBMIJIM B cpertHeM oT 2.9 1o 5.2 %. bimsknit
JTNana30H U3MCHYHBOCTH COICPKaHus B-TTrokaHoB (0T 3.3 1o
6.2 %) ompenerneH B X0A€ BHITTOTHEHHSI POCCHICKO-IITBEICKUX
COBMECTHBIX HMCCIIEIOBAaHUN 00pa3IoB OBCa, KYJIBTHBHPY-
embix B EBpornie (Loskutov, Rines, 2011). B nameit paGore o
MHUHHMaJIbHBIM 3HAYEHHSIM ATOTO TIPH3HAKA BbIJICICHBI COPTa
KpacHOsIpcKoii cenekunu — Tyounackuii, Kaspip, CastH (oxomo
3 %), mo MaKcUMalIbHOMY — 3apyOeskHbII 00pa3er; MecTHBII
Tynuc 1 (5.2 %).

B Teuenne Tpex et BeIpaluBaHus 3HAUEHUE COACPKaHUs
MacJa B 3epHe konebanocs ot 4.4 10 7.2 % y niaeH4aThIX U OT
7.3 10 9.0 % y rono3epHBIX 00pa3oB OBCA COOTBETCTBEHHO.
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Haubostee BbIcOKOE cozep)kaHue Maciia ONPEAEIICHO JUIS
rieH4aroro copra MectHbiit TyHuc 1 1 rosiozepHoro oopasna
Bsarckuii. Ha ¢pone mpakTruecku paBHOTO cofepKaHus Oe-
Ka B 3epHE JuIsl OOJBIIMHCTBA M3YyUYCHHBIX 00PA3IOB IOBBI-
LICHHOE €r0 COJEPKaHUe UMEIIU IUIEHYaTbli copT MecTHbII
Tyruc 1 u ronozepusiii Barckuii. Cienyer OTMETHTh WHTE-
pecHBI (aKT: 10 BEICOKMM 3HAYCHUSIM BCEX TPEX PacCMOT-
PCHHBIX BBIIIE OMOXMMHUYECKHUX IOKa3aTesiell KaueCTBa BbI-
nenmics appukanckuid copt Mectusiid Tyrnc | oTganeHHoro
npoucxoxaenus. Cpenu myumux no macce 1000 3epeH, Ha-
Type U IUIEHYaTOCTH HE 0Ka3aJI0Ch HU OJTHOTO COPTa, KOTOPBIN
BBIJICITHIICSI XOTsI ObI 110 OZTHOMY U3 aHAaJIU3UPYEMBIX B padoTe
XMMHYECKUX BEIIECTB.

OI[I/IH N3 U3BCCTHBIX IPHUEMOB IMOBBIIICHUA aAalITUBHOCTHU
COPTOB OBCa K HEOIArONPHUATHBIM ycoBusM Cudupu — cos3aa-
HHUE (OPM C KOPOTKUM BETETALOHHBIM ITEPHUOIOM PaCTCHUH
(Svirkova et al., 2016). BeposiTHO, TO3TOMY OOJIBIIIMHCTBO
B3SITBIX HAMH B HCCIIEOBAHUE IUICHYATHIX U T'OJIO3EPHBIX
COPTOB I10 JUIMHE BETETAIMOHHOTO NIEpHO/ia SBISIOTCS PaH-
HecrenbIMu. B cpeiHeM 3a Tpu rojia BeIpaniiBaHus IpaKTh-
YECKH TAKYIO K€ yPOKalHOCTb, KaK y CTaHJApTHOTO copTa
TyOunckuii, umenu mieHdaTeie copta Kasep, Mensens u
Mecrubiit Tynuc 1. [osno3epnblii oOpaszen AnjaH nokasain
ypO:xailiHOCTh Ha ypoBHe cTanaapra ['osen. Bee ronosephsie
copTa I10 YPOXXKaifHOCTH CYIIECTBEHHO YCTYIAJIH IICHYAThIM.
IIpu 3TOM OTCTaBaHME IOJO3EPHBIX COPTOB HE CBSI3aHO JIUIIb
C MEHBIIEH Maccoi 3ePHOBKH BCIIEICTBHE OTCYTCTBUS y HUX
mieHok. OCHOBHas Mpu4nHa HeBbICOKOM Maccsl 1000 3epeH —
LIYIUIOCTb dH0CTepMa 3epHa. Tak, cpenusist macca 1000 3e-
PEH BCeX IUIEHYAThIX 00Pa3II0B MPEBBIMIACT 3TOT ITOKA3aTeh
y rono3epHsix Ha 40.2 %, mpu 3TOM CpeiHss A0 IIIEHOK
cocTasiseT Tonbko 23.4 %.

B mamreit pabote y miueHUaThIX 00pa3oB OBca MOKA3aHO
HaJIMYUe 3HAYUMBIX TIOJIOKUTEIBHBIX CBSI3CH MEXly Maccoi
1000 3epeH, ¢ 0HOI CTOPOHBI, ¥ COIEPIKAHUEM [-IIIIOKAHOB
1100 coziepKaHNEM Macia B 3€pHE, C IPYTOii, a TAKKE MEKIY
coziepykaHuEM [-IITIOKaHOB M COZIep)KaHuEeM Maciia. Y Tosiosep-
HBIX 00pa3llOB YCTaHOBJIEHA CYLIECTBEHHAs! OTPHULIATEIbHAS
KOPPEISIIIMOHHASI CBA3b MEX/Ly COJCP)KaHUEM Macya B 3epHE
n ero Harypoi. O ¢akrTe BBIIBICHHS 3HAYMMOM IOJIOXKH-
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TEJIBHOM KOPPEJSIMH MEXIY COACPKaHHEM [-IJIIOKAaHOB M
ypokaiHOCTBIO, HaTypoii u Maccoir 1000 3epen, a Taxxe
CYIIECTBEHHON OTPHUIATEIBHONW KOPPEISIMU paccMaTpHBa-
€MOr0 XMMHUYECKOTO T10Ka3aTellsi CO CTENEHbIO TUICHYaTOCTH
3epHOBKH UMEIOTCS CBECHHA B nuTeparype (Saastamoinen
etal., 1992; Martinez et al., 2010).

Ha KOHTPACTHBIX IO COACPKAHUIO XUMUYCCKUX BCUICCTB
B 3€pHE IUIEHYATHIX 00pa3max B paboTe 3aperucTpHpOBaHA
BBICOKAsl CHJIA MOJIOKUTEIBHON CBSI3H MEXK/Ty COJCPIKaHUEM
Maciia WM B-IIFOKaHOB B 3€pHE 110 T0JaM BBIpAIIMBaHUS
osca. Kpome Toro, aHajornyHasi TEHAEHIMS OTMEUeHa IS
coziepkaHus 6enka. ITo MOXKET O3HAYaTh, YTO MPHU BO3/EIIbI-
BaHMU OBCA B Pa3HBbIE TOJIbI COACPIKAHUE Macia U B-TJIIOKaHOB
(u oTyacTy Oenka) B 3epHE Y IIIEHYATHIX 00Pa3IioB H3MEHAETCS
MOYTH CHHXPOHHO, T.€. PAaH)XMPOBaHUE COPTOB MO YPOBHIO
OTUX XUMHWUYCCKHUX CO@I[I/IHCHI/Iﬁ B 3€pHE oA OT roja rmpaxkTu-
YECKH HE HapyImaeTcs. Y TOI03epHBIX 00pa3IioB YETKOM CBA3N
MEXKIy COIEep)KaHHEM paccMaTpHBAcMBIX BEIIECTB B 3€pHE
pa3HbIX 00pa3LOB U rOJIOM BBIPAIIUBAHUS HE OOHAPYKEHO.

CymecTBeHHas! 3HaYNMasi KOPPEISAIHA MEKIY COIEpxKa-
HHEM [-TJIIOKaHOB B 3€pHE IUIEHYATHIX 00pa3IoB MO rojam
MCCJIEZIOBAHUS YKa3bIBAET HA BBICOKYIO 3aBUCHMOCTB 3TOTO
XMUMHYECKOTO ITOKa3aress oT reHorumna. Ilociennee o3Ha-
yaeT OOJBIIYI0 BEPOSITHOCTh YCIICHIHOW CEJIEKINH HA 3TOT
Ka4eCTBEHHBIH ITpU3HaK oBca. OnyOIMKOBaHHbIE HEABHO pe-
3yJIbTaThI BHIIOMTHEHUSI EBporeiickoro mpoexTa mo u3yueHunto
TEHETHYECKNX PECYpCOB OBCA TAK)KE MPOAEMOHCTPHPOBAIT
3aMETHBIN BKJIaJl TEHETUYCCKOM COCTaBIISOICH B (hOpMUPO-
BaHHE paccMarpuBaeMoro npusHaka (Redaelli et al., 2013).

B 3epHe rureHuaThIX 00pas3loB OBCA, BBHIPAIIMBAEMOTO B
Bocrounoii Cubupu, ycraHoBJI€Ha MOJOKUTEIbHAS KOppe-
JSAUS MEXKAY CONEp’KaHWEeM [(-TIIIOKaHOB M Macyia. DTHM
PEe3yabTaTOM MOATBEPIK/ICH HEAABHO OOHAPYKEHHBIH OTHUM
U3 HAIlMX COABTOPOB aHAJIOTUYHBIN 3()(EKT MpH KyIBTHBHU-
POBaHMU Pa3IUYHBIX COPTOB OBCa B YCIIOBUsAX EBpomsl (Zute
et al., 2016). ITo-Buaumomy, copepkaHne Maciaa MOXKET CIIy-
JKUTbh KOCBEHHBIM MHJIUKATOPOM COACPIKAHUA B-F.HIOKaHOB B
3epHE, HECMOTPS Ha TO, 4TO 002 COSANHEHNS UMEIOT PAa3HBIN
MexaHm3M onocunTtesa HakorwieHus (Kibite, Edney, 1996), a
JIMHAMHKa HAKOTUICHHS B-TJIIOKAaHOB B 36PHOBKE OTIIMYACTCS
OT TAKOBOM VTS IPYTHX OMOXUMHYECKUX KOMIOHEHTOB (CoX,
Frey, 1985). Hamu He HaliieHO KOPPEIAIIMOHHOM CBA3M MEKITY
coiep)kaHreM [B-IVIFOKaHOB M Oelika B 3epHE OBCa pa3HbIX
o0pasnos. ITo sTomy Bompocy B JIUTEpaType HMPUBOISATCS
MIPOTUBOPEUUBBIC PE3YIIBTAThI: ONMCAHA KAK ITOJIOKUTEIbHAS
(Havrlentova et al., 2008), Tak u OTpUIIATEIbHAS KOPPEIISIIIUS
(Miller et al., 1993).

[Ipu BBITIOTHEHNH PAabOTHI HE OOHAPYKEHO 3aMETHOTO
MPEUMYLIECTBA I'OJIO3EPHBIX 00pPa3IOB MO0 CPABHEHHUIO C
IUIEHYATBIMH B COJEPKAHUH [-TIIIOKAaHOB B 3€pHE, HA YTO
ykasbiBaiu apyrue ydaensie (Havrlentova et al., 2008; Biel et
al., 2009). Bosee Toro, y roj03epHBIX 00pa3IOB HE HAMICHO
YETKOW CBSA3M MEXIy COJAEpKAHMEM [-TIIIOKAHOB, JKHpa U
Oenka B 3epHE 10 Toj1aM UCCIICI0BaHNUSI.

3aknioyeHune

Taknm 0Opa3oM, BBITIOHEHHAs! B yCIoBUAX Boctounoit Cu-
OMpH OIICHKA COPTOB OBCA [0 KOMIUICKCY OMOXUMHUYCCKUX U
(hu3nIeCKUX TOKa3aTeliel 3epHa M03BOJINIIA BBIIEITUTH TOTEH-
[IMAJIBHO [IEHHBII NCXOAHBIA MaTrepuat. J{Jst HCronb30BaHus
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|/|3y‘—leHl/Ie COpTOB OBCa pas3nM4yHoro reorpa¢mquKoro
NPONCXOXOEHNA NO KavecTBY 3€PpHa U NPOAYKTUBHOCTA

B CEJIEKIIMU KOPMOBOT'O HAMPaBJICHUsI MOKHO PEKOMEH/I0BATh
COpTa ¢ MUHUMAIIFHBIM COJIEpKaHUEM [3-TITIOKaHOB B 3€PHE —
TyOunckuit, Bsarckuit u Tonemn, B ceIeKIMA COPTOB MPOJIO-
BOJILCTBEHHOTO HarpasiieHus: — Mectubiit Tynuc 1, Mensenn
n TalIoH ¢ MaKCUMaJbHBIM CONEpKaHUEM [-TTTIOKaHOB B
3epHe.
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Transcriptomic analysis of Medicago truncatula calli
with MtWOX9-1 overexpression
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Somatic embryogenesis (SE) is the development of embryo-like structures from somatic plant tissues. This process
rarely can be observed in nature, but for many plant species, in vitro protocols are developed, which allow to obtain
somatic embryos formation directly from tissues of plant explant or from the embryogenic callus. SE is widely used
for plant propagation and transformation; therefore, the search for SE stimulators and revealing of the mechanisms
of their functioning are very important for biotechnology. Among the SE regulators, proteins of the WOX family play
significant roles. WOX (WUSCHEL-RELATED HOMEOBOX) is a homeodomain-containing transcription factor family.
Different WOX genes function in different plant organs and tissues, maintaining meristem activity and regulating
cell proliferation and differentiation. Recently, we have shown that transcription factor MtWOX9-1, belonging to
the WOX family, can stimulate SE in the Medicago truncatula callus culture. In this research, transcriptomic analysis
of highly embryogenic calli with MtWOX9-1 overexpression was performed in comparison to wildtype calli. It was
shown that MtWOX9-1 overexpression led to the activation of several groups of genes, including genes related to
cell division, tissue differentiation, and seed development. Enriched GO pathways included several groups related
to histone methyltransferase activity as well as DNA methylation and chromatin binding, suggesting major epi-
genetic changes that occur in call overexpressing MtWOX9-1. Using Medicago Truncatula Gene Expression Atlas,
we also identified a group of genes coding for transcription factors that were both coexpressed with MtWOX9-1 in
different plant organs and differentially expressed in our samples. These genes are putative targets of MtWOX9-1,
and they may act in the same pathway with this regulator during SE.

Key words: somatic embryogenesis; Medicago truncatula; plant regeneration; transcription factors; transcriptomic
analysis.
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TpaHCKPUIITOMHBIV aHaJIN3 KaJUTycoB Medicago truncatula
CO CBepXxaKcIIpeccuenn reHa MtWOX9-1
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ComaTtunyeckmii smbprioreHes (C3) — 3To pa3BMTUE 3apOAbILLENOfOOHbIX CTPYKTYP U3 COMATMUYECKMX TKaHel pac-
TEHWI. DTOT NpoLecc peAaKo MOXHO HabnohaTb B NpUpoAe, OOHAKO AfiA MHOMMX BUAOB pacTeHuin pa3paboTaHbl
NPOTOKObI KyNbTUBMPOBAHNA B YCNIOBUAX iN Vitro, C NOMOLLbIO KOTOPbIX MOXXHO A06UTLCA GOPMUPOBaHNA cCOMaTV-
YeCKMX SMOPUOHOB HaMpPAMYIO 13 TKaHEN PAaCTUTENbHOMO SKCMIaHTa UK 13 3MOPUOreHHoro Kannyca. C3 Wrpoko
NPYIMEHAIOT B GUOTEXHONOMMN ANA Pa3MHOXEHMA 1 TPaHCPOpMaLMN pacTEHNUIA, 1 B CBA3M C STUM NOUCK CTUMY-
naTopoB C3 1 V3y4YeHre MEXaHN3MOB VX PaboTbl NPeACTaBAAT OO0 akTyanbHyto 3agauy. benku WOX urpatot
BaxkHyto ponb B perynauymm C3. WOX (WUSCHEL-RELATED HOMEOBOX) - cemMeliCTBO roMeof0OMeH-CoAepKaLLmx
TPaHCKPUMLMNOHHBIX GpakTopoB. PaznnuHble reHbl WOX GyHKLMOHMPYIOT B Pa3HbiX OpraHax 1 TKaHAX pacTeHuN,
NoOAAepPKMBasA aKTMBHOCTb MepuUcTeM U perynupya nponudepauunio u gudpdepeHUnpoBKy KneTok. PaHee Hamu
6b110 OGHAPYKEHO, YTO TPAHCKPUMLMOHHbIN dakTop MtWOX9-1, npuHagnexawuin kK cemenctay WOX, cnocobeH
CTMMYNNPOBATb COMATNYECKMI SMOproreHes B KannycHol Kynbtype y Medicago truncatula. B HacToswem nccneno-
BaHUV NPoOBefeH CPaBHUTENbHDBIN aHann3 TPaHCKPUNTOMa BbICOKOSMOPMOreHHbIX KasinyCoB CO CBepPX3KCNpeccunei
reHa MtWOX9-1 n TpaHCKpunToma KannycoB AnKoro Tina. lNokasaHo, uto ceepxakcnpeccua MtWOX9-1 Bbi3biBaeT
AKTMBALMIO HECKOMbKIMX rPYM FEHOB, BKOUas reHbl, CBA3aHHbIE C ieNeHreM KNeToK, AnddepeHUMpOoBKON TKaHeNn,
a Takxe C pa3BuTnem cemsaH. Cpean oboraleHHbIX HabopoB reHoB B TepMrHax GO Mbl O6HaPYXKUIN HECKONbKO
rpynn C akTMBHOCTbIO MeTunTpaHchepas rmcToHoB, MmeTunnpoBaHuem [JHK 1 cBA3biBaHMEM C XPOMATUHOM, YTO
npegnonaraet CyLWeCcTBEHHbIE SMUreHeTUYEeCKEe U3MEHEHNA, MPONCXoaALLME B KaJllycax CO CBepX3KCrnpeccuei
MtWOX9-1. icnonb3ya 6a3y paHHbix Medicago Truncatula Gene Expression Atlas, Mbl naeHTUdMUMPOBaN Takxe
rpynny reHoB, KOAUPYIOLLMX TPAHCKPUMLMOHHbIE haKTOpbl, KOTOpble Ko3Kcnpeccupytotca ¢ MtWOX9-1 B pasnnu-
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HbIX OpraHax pacTeHui 1 xapakTepusyiotca AnddepeHLmanbHON SKCNpeccrell B Halumx obpasuax. T reHbl npes-
cTaBnAoT coboii npeanonaraemble MueHr MtWOX9-1, KoTopble MOryT paboTaTb B OQHOM MyTU C 3TVM PerynsaTo-

pom B xoge C3.

KnioueBble cnoBa: comaTmyeckumin ambpuoreHes; Medicago truncatula; pereHepaumsa pacTeHui; TPaHCKPUMLNOH-

Hble GaKTOpPbl; TPAHCKPUNTOMHbI aHaNM3.

Introduction

Somatic embryogenesis (SE) is a process of regeneration by
which plants use somatic cells to grow embryo-like structures,
which eventually can give rise to the new plant. This process
isn’t observed often in nature, but when plant explants are
cultivated in vitro, several factors can induce direct SE or SE
from callus tissue. Such factors include specific hormones, the
concentration of nitrogen compounds (Reinert at al., 1967),
the stress impact (Nic-Can et al., 2016), etc. Most of existing
methods of SE induction in vitro include treatment with hor-
mones and mechanical injury, and it is supposed that SE acts as
the mechanism of defense against stressful in vitro conditions.

Somatic embryo development occurs in general through the
same stages as development of zygotic embryo, and therefore
it is used as the model for studying embryogenesis. SE also
has a lot of biotechnological applications in transformation
of plants, artificial seeds production and micropropagation.

The way by which embryogenic cells are chosen among
explant or callus cells is not fully investigated. In Medicago
truncatula, one of SE model objects, somatic embryos are
often derived from mesophyll cells near the damaged surface,
which have to dedifferentiate, but some are derived from the
stem-like vascular procambium cells (Wang et al., 2011; Rose,
2019). Auxin gradients are shown to play key role in determi-
nation of cells that will give rise to the embryo (Su et al., 2009).

Dedifferentiating cell, which will be capable to form so-
matic embryo later, undergoes a number of changes, including
mitochondrial fusion and increase in peroxisomes (Tiew et
al., 2015) and P-bodies (RNA processing bodies) numbers
(Bhullar et al., 2017). The first one is used to provide a kind
of quality control for mitochondrial populations in new gene-
rations (Rose, McCurdy, 2017). The second one is a kind of
stress response, whereas the third one plays role in posttran-
scriptional gene regulation and cell reprogramming.

Genetic cascade that induces dedifferentiation of cell and
development of somatic embryo is not fully uncovered. At
the present time correlation with SE has been established
for LEAFY COTYLEDONI (LECI), BABY BOOM (BBM),
AGL15,SOMATIC EMBRYOGENESIS RECEPTOR KINASE
(SERK) and other genes (Fehér, 2015). Among the regula-
tors of SE, proteins of WOX family also play important
roles. WOX (WUSCHEL-RELATED HOMEOBOX) is a
homeodomain-containing transcription factors (TFs) family.
Different WOX genes function in different plant organs and
tissues, maintaining meristem activity and regulating cell
proliferation and differentiation.

The most well-studied family members are WUS and WOX5
genes, which are expressed in the organizing and quiescent
center cells of the shoot and root apical meristem (SAM and
RAM), respectively, and regulate their development (Laux et
al., 1996; Sarkar et al., 2007). The mechanism of WUS ac-
tion in stem cell niche is related to stimulation of cytokinins
activity, by which it represses the differentiation of SAM
cells (Leibfried et al., 2005). WUS is also expressed in the
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floral meristem, where it stimulates AGAMOUS expression,
providing termination of floral meristem activity (Lenhard
etal., 2001).

WOXS5 is functional analog of WUS gene in root. It is
expressed in the quiescent center in the root apical meristem
(Sarkar et al., 2007) and in different irregular meristems, such
as nodule meristems (Osipova et al., 2012) and meristem-like
structures of agrobacterial and spontaneous tumors (Lebedeva
et al., 2015; Vinogradova et al., 2015).

The participation in zygotic and somatic embryogenesis
was demonstrated for many WOX family genes. For example,
WUS is an important stimulator of SE in different species,
such as Arabidopsis thaliana (Su et al., 2009), Capsicum
chinense (Solis-Ramos et al., 2009) and Gossypium hirsutum
(Bouchabké-Coussa et al., 2013; Xiao et al., 2018). WOX5 is
also involved in SE, participating in RAM development in
somatic embryos (Su et al., 2015). Expression of WOXI and
WOX3 homologs was observed during SE process in different
objects, such as C. chinense (Valle-Gough et al., 2015), Vitis
vinifera (Gambino et al., 2011) and Picea abies (Alvarez et
al., 2015). The WOX11 and WOX12 genes are expressed in
the early stages of callus and adventitious roots development
in Arabidopsis, stimulating the cambium cells proliferation
(Liu et al., 2014). The expression of WOX11 homolog during
SE was shown in V. vinifera (Gambino et al., 2011).

The genes WOX2, WOXS, and WOX9 play an important
role in the zygotic embryogenesis, defining the differentiation
of specific embryo domains: apical (WOX2), central (WOX9)
and basal (WOX8) (Breuninger et al., 2008). In 4. thaliana,
WOX2 and WOXS expression was detected in egg cell, though
the Nicotiana tabacum homologs of these genes were shown
to be de novo transcribed in zygote right after fertilization
(Zhou et al., 2018). The WOX2 homolog in Larix decidua
is expressed during early embryogenesis, both somatic and
zygotic (Rupps et al., 2016). The WOX9 homologs are micro-
spore embryogenesis markers in Brassica napus (Malik et al.,
2007) and SE markers in V. vinifera (Gambino et al., 2011).
Besides, expression of the WOX9 homolog MtWOX9-like
was demonstrated during SE in M. truncatula (Kurdyukov
etal., 2014).

In our previous studies, three new M. truncatula genes of
the WOX family, that are expressed during SE, were found:
MtWOX9-1, MtWOX11-like and STENOFOLIA (MtWOXI)
(Tvorogovaetal., 2015). It was further shown that overexpres-
sion of STF or MtWOX9-1 stimulates the emergence of somatic
embryos (Tvorogova et al., 2016, 2019). In the present work,
we concentrated on studying the functions of the MtWOX9-1
gene, analyzing how its overexpression affects the expression
profile of embryogenic callus.

Materials and methods

Plant growth, cultivation and sample collection. M. trun-
catula line R-108 (Hoffmann et al., 1997) and transgenic line
with MtWOX9-1 overexpression were used in the analysis.
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Line with MtWOX9-1 overexpression, obtained through ar-
gobacterial transformation of R-108 line plants with pMDC32
vector containing MtWOX9-1 coding sequence under the
control of 35S promoter (Wolabu, 2015), was kindly provided
by the laboratory of Dr Million Tadege.

M. truncatula seeds were sterilized in sulfuric acid for
10 minutes, rinsed 10 times with sterile water, and then put
onto 1 % agar and left to germinate at 4 °C for 7 days. After
germination, seedlings were transferred in the soil (Terra Vita,
Russia) mixed with vermiculite (2:1). Plants were grown at
21 °Cat 16 h photoperiod. Before in vitro cultivation, leaves of
30 day old plants were sterilized in 70 % ethanol for 1 minute,
then in 50 ml solution of 0.5 % hypochlorite with two drops
of Tween-20 for 10 minutes, and then rinsed 5-7 times with
sterile water. In vitro cultivation and obtaining of embryogenic
calli was performed as described previously (Tvorogova et
al., 2016).

Two biological replicates for R-108 wildtype calli (wt
from this point onward) and two biological replicates for
MtWOX9-1 overexpressing calli (w90 from this point onward)
were taken at 35th day of cultivation (5th day of cultivation of
hormone-free medium). Plant material was divided into two
parts, the first for transcriptomic analysis and the second for
quantitative PCR (qPCR) analysis.

Transcriptome sequencing and bioinformatic process-
ing. RNA extraction, library preparation and sequencing was
performed by the Genoanalitica company (Moscow, Russia).
Total RNA was extracted from calli with Trisol reagent and
PureLink RNA Micro Kit (Invitrogen) according to manu-
facturer instruction. Quality was checked with BioAnalyser
and RNA 6000 Nano Kit (Agilent). PolyA RNA was purified
with Dynabeads® mRNA Purification Kit (Ambion). Illumina
library was made from poly A RNA with NEBNext® Ultra™II
RNA Library Prep Kit for Illumina® (NEB) according to
manual. Sequencing was performed on HiSeq1500 with 50 bp
read length.

Trimming of adapter sequences was performed with Trim-
momatic (Bolger et al., 2014). Filtration of ribosomal RNA
was performed with SortMeRNA (Kopylova et al., 2012)
with rRNA sequences from M. truncatula Jemalong A17
genome assembly v5r1.6 used as reference database (Pecrix
et al., 2018). Alignment on reference genome (assembly
MedtrA17 4.0) was performed with HISAT2 (Kim et al.,
2015), and reads were counted with Stringtie (Pertea et al.,
2015) with the usage of reference genome mentioned before
and without de novo assembled transcripts. DESeq2 (Love et
al., 2014), GSEABase (Morgan et al., 2019), and WGCNA
(Langfelder, Horvath, 2008) R packages were used for dif-
ferential expression analysis, GO gene enrichment analysis,
and coexpression analysis, respectively.

qPCR expression analysis. Total RNA was extracted
from calli with Purezol reagent (Bio-Rad, USA) according
to manufacturer instructions. RNA was treated with DNAse |
(Thermo Scientific, USA) for DNA removal. cDNA synthesis
was performed with RevertAid reverse transcriptase (Thermo
Scientific, USA) with oligo-dT18 primer according to manu-
facturer instructions. cDNA samples were diluted with sterile
water to the end volume of 100 pl. For qPCR, the reagent kit
for gPCR with Eva Green (Syntol, Russia) was used. Quanti-
tative estimation of analyzed gene expression was performed
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with 2-AACt method (Livak, Schmittgen, 2001). Actin gene
(MTR_3g095530) and constitutive gene for histone-like pro-
tein H3L (MTR 4g097170) were used as reference genes, and
their primer sequences (ActinF: TCAATGTGCCTGCCATG
TATGT; ActinR: ACTCACACCGTCACCA; H3LF: CTTT
GCTTGGTGCTGTTTAGATGG; H3LR: ATTCCAAAG
GCGGCTGCATA) were taken from literature (Ariel et al.,
2010; Zhang et al., 2014). Primers for BHLH TF-like protein
gene (Medtrlgl07185, F: GCAACCACCAAACCAACA
CTG; R: GACCTTTCTGCCCTCCAACAC), bZIP TF gene
(Medtr7g104190, F: CGGATGGAGGTGAGCAGAAAC;
R: CCTTGGTGATGGAAGTGGAATG) and MtWOX9-1
(Medtr2g015000, F: CCAGAACAAGAATCAGAACCAG
AAC, R: TTAGGGAAACCAAGGGAAAATAC) gene were
selected using Primer3 Select online software (Untergasser
etal., 2012).

Results

To analyze the mechanisms of MtWOX9-1 functioning dur-
ing SE, 35 day-old wt and w90 calli of M. truncatula were
obtained. At this stage, somatic embryos, visible as green
spots on callus surface, started to appear on w9o calli (Suppl.
Fig. 1, @)!, but not on wt calli which usually start form em-
bryos later during cultivation. The RNA was extracted, reverse
transcribed and sequenced from embryogenic wt and w9oe
calli (two biological replicates for each variant). According
to qPCR analysis, expression level of MtWOX9-1 was several
thousand times higher in w90 samples than in wt samples
(see Suppl. Fig. 1, b). 4 complementary DNA libraries were
sequenced with an average depth of approximately 15 mil-
lions of reads. After trimming and ribosomal RNA removing,
about 12 millions of 35-bp reads were taken for analysis. After
alignment with HISAT2, about 75 % of reads in each sample
were uniquely mapped. Reads were counted by StringTie, and
correlation analysis performed for DESeq normalized counts
demonstrated high correlation between biological replicates
(see Suppl. Fig. 1, ¢).

After the analysis of differential expression with DESeq
package and imposition of 0.01 adjusted p-value and 1.0 log2
fold change cutoffs, 3133 genes out of 51628 analyzed were
found to be differentially expressed (Suppl. Table S1), with
1608 and 1525 up- and downregulated, respectively, in w90
calli in comparison to wt calli. qPCR expression analysis of
two differentially expressed genes (DEGs) supported tran-
scriptome analysis data (Suppl. Fig. 2).

To find new potential stimulators and repressors of SE, we
assessed expression levels of genes coding TFs among DEGs
(selection of DEGs with GO annotation number 0006355,
“regulation of transcription, DNA-templated”). We also added
there five DEGs from WOX family, which happened not to be
included in this GO group, but, according to numerous data,
should have TF function. We found 173 DEGs coding TFs of
which 94 gene was upregulated, including several TFs from
NF-Y family, B3 domain TFs, MADS-box TFs etc (Suppl.
Table S2).

1 Supplementary Figures 1-4 are available in the online version of the paper:
http://www.bionet.nsc.ru/vogis/download/pict-2019-23/appx13.pdf
Supplementary Tables S1-S7 are available in xIs format on the link below
https://drive.google.com/drive/folders/1ceP-r3pc_UFDWBy105DzVVhSb4u9
bW25?usp=sharing.
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I Genotype

MTR_39g005935

MTR_19072610 glycinin G4
MTR_79g096990 legumin A2
MTR_7g097000 legumin A2

MTR_3g109190 oleosin

MTR_7g033775 oleosin

MTR_89106840
MTR_59063040
MTR_3g018780 annexin D8

MTR_59g093780

MTR_4g105200 oleosin

MTR_39067845

MTR_19094040

MTR_49133952

MTR_1g039040

wt sample 1
wt sample 2
w90 sample 1
w90 sample 2

MTR_2g095730 serine carboxypeptidase-like protein

MTR_2g010300 cytochrome P450 family protein

MTR_4g133540 phloem filament protein PP1

MTR_49016820 leucine-rich receptor-like kinase family protein

MTR_1g007030 subtilisin-like serine endopeptidase family protein

MTR_4g016910 LRR receptor-like kinase family protein

MTR_4g016810 leucine-rich receptor-like kinase family protein, putative
MTR_6g055570 subtilisin-like serine endopeptidase family protein

MTR_000959250 GDSL-like lipase/acylhydrolase

MTR_69g009660 P-loop nucleoside triphosphate hydrolase superfamily protein, putative

Transcriptomic analysis of Medicago truncatula calli
with MtWOX9-1 overexpression

Genotype
1.0 w9o
wt
0.5

MTR_0699s0010 60S ribosomal protein L35a-3
MTR_1g072600 legumin storage protein

MTR_8g045520 pathogenesis-related protein bet VI family protein
MTR_4g029630 extensin-like repeat protein

MTR_79111830 nodulin MtN21/EamA-like transporter family protein
MTR_7g051430 serine carboxypeptidase-like protein
MTR_1g061760 exostosin family protein

MTR_2g061200 cytochrome P450 family protein
MTR_79113640 glycoprotein membrane precursor GPl-anchored protein

MTR_4g094720 1-cys peroxiredoxin PER1
MTR_1g011600 2-oxoglutarate-dependent dioxygenase

MTR_8g024370 subtilisin-like serine protease

MTR_19094135 papain family cysteine protease
MTR_2g025700 transmembrane protein, putative
MTR_3g462970 thiamine biosynthesis protein ThiC
MTR_8g028905 ARID/bright D-binding domain protein
MTR_5g033520 tryptophan aminotransferase-like protein
MTR_2g028900 GDP-fucose protein O-fucosyltransferase
MTR_69g081300 MATE efflux family protein

Fig. 1. Heatmap showing normalized expression levels of seed-specific genes differentially expressed between wt and w9o calli.

As well as w9o calli appear to be more embryogenic than
wt ones according to our data (Tvorogova et al., 2019), we
supposed that MtWOX9-1 should specifically stimulate
expression of genes related with embryo development and
development of pods. To check this hypothesis, we selected
the genes with specific expression in seedpod (expression level
in seedpod is at least 4 times higher than average expression
level measured in seedpod, leafblade, nodule, root, flower and
bud) from the M. truncatula genome database (Krishnakumar
etal., 2015). Among these genes, only 3.7 % (44 genes) were
differentially expressed in our experiment, but 75 % of this
group of DEGs were upregulated (Fig. 1), which is consistent
with our hypothesis.

We also performed gene enrichment analysis with GSEA-
Base package using GO terms (Ashburner et al., 2000). Up-
regulated and downregulated genes were found to be enriched
with genes from 17 and 21 GO “Molecular Function” groups,
respectively (Fig. 2, Suppl. Fig. 3, Suppl. Table S3).

Interestingly, upregulated GO pathways included several
groups related with histone methyltransferase activity as well
as DNA and chromatin binding, suggesting major epigenetic
changes occuring in w9o calli. We analysed A. thaliana ho-
mologs of upregulated histone methyltransferases and found
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that most of them are responsible for histone repressive marks
associated with DNA methylation (Table).

49 and 40 “Biological Process” GO terms were overrepre-
sented among upregulated and downregulated genes, re-
spectively (Fig. 3, Suppl. Fig. 4, Suppl. Table S4). In accor-
dance with the data above, genes from DNA methylation and
gene silencing GO groups were found among upregulated
genes.

To find the genes which may work together with Mt-
WOX9-1,we performed coexpression analysis using Benedito
et al. (2008) data from Medicago Truncatula Gene Expres-
sion Atlas and WGCNA R package (Langfelder, Horvath,
2008). We found 55 coexpression modules, containing from
35 to 4914 different genes and isoforms (Suppl. Table S5).
The MtWOX9-1 module contained 2337 genes, out of which
225 genes were differentially expressed in our calli samples
according to transcriptome analysis (Suppl. Table S6). We
searched for TF genes among this group using selection of
genes with GO annotation number 0006355, “regulation of
transcription, DNA-templated”. We also added two DEGs
from WOX family (including MtWOX9-1 itself), which hap-
pened not to be included in this GO group, but, according to
numerous data, should have TF function.
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Fig. 2. Overrepresented “Molecular function” GO pathways in upregulated genes.

Upregulated histone methyltransferases in w9o calli, their A. thaliana homologs and possible functions

Gene A. thaliana closest homolog
Medt,790489505UVH5 .................................................................
M edt,5go 16 870 .............. C LF ......................................................................
Medtr590188505UVR5 ..................................................................
M edtmgo 5 72005 UVH4/KRypTON,TE ...........................................
M edtrégo 672705 UVH4/KRypTON,TE ...........................................
M edt,7 go 8 4 0905 UVH4/KRypTON/TE ...........................................
Medt,790883705UVH1 ..................................................................

The resulting TF gene list contained 18 genes, up- or down-
regulated in w9o calli, including genes for three B3 domain
proteins, several homeobox-containing factors, etc (Suppl.
Table S7).

Discussion
In this study, we analyzed transcriptome of embryogenic calli,
affected by overexpression of SE stimulator MtWOX9-1. 1t is
important to note that in this study we used a single line with
MtWOX9-1 overexpression, therefore one cannot exclude
the possibility that observed effects are related with specific
location of transgenic insert in this line. However, according
to our results (Tvorogova et al., 2019), the positive effect of
MtWOX9-1 overexpression on embryogenic capacity was
observed after several independent transformation events,
therefore we can assume that the majority of the effects dem-
onstrated in this study are not unique for specific transgenic
line.

Analysis of gene groups activated in w9o calli allowed us to
suggest that MtWOX9-1 overexpression and probably SE itself
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Histone mark

References

are associated with major epigenetic changes in embryogenic
callus, such as DNA and histone methylation. Such changes
are common for in vitro cultures (Kumar, Van Staden, 2017).
Most of observed upregulated chromatin-related pathways
were found to be repressive which is probably due to the start
of differentiation of callus cells forming specific embryo tis-
sues. Interestingly, such pathways as postembryonic develop-
ment and seedling development were upregulated, suggesting
important differences between zygotic embriogenesis and
somatic embryogenesis, lacking dormancy stage.

As it was mentioned above, SE is the stress-induced pro-
cess: temperature, wounding, starvation, heavy metal ions,
and osmotic stress can lead to dedifferentiation of somatic
cells and to other changes. In support of this, we also found
some upregulated GO groups associated with stress response,
including, for example, proline dehydrogenase and response
to abscisic acid. Proline dehydrogenase enzyme is an impor-
tant component of plants pathogen defense system which
contributes to the hypersensitive response (HR) and disease
resistance, and promotes the accumulation of reactive oxygen
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Fig. 3. Overrepresented “Biological Process” GO pathways in upregulated genes.
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species (ROS) and oxidative cell death (Cecchini et al., 2011;
Monteoliva et al., 2014).

Several downregulated GO groups associated with stress
response were also found, including phenylalanine ammonia-
lyase activity (Wada et al., 2014) and chitin binding groups.
Several other SE and cell division associated pathways
were also found to be upregulated in w9o calli, including
phosphoenolpyruvate carboxylase and pectin methylesterase
(PME) activity, cytokinetic process etc. Phosphoenolpyruvate
carboxylase modulates cell division and elongation of cotton
fibers, the ovule epidermal cells formed during flowering
process (Li et al., 2010). Changes in the methylesterification
status of pectins have been associated with cell wall remodel-
ing that occurs during diverse plant developmental processes
(Levesque-Tremblay et al., 2015). It was shown that PME
expression level increased in heart-torpedo embryos and
mature cotyledonary embryos (Pérez-Pérez et al., 2018). This
tendency is kept during somatic embryogenesis process among
both woody and herbaceous plants (Solis et al., 2016). Besides
their roles in plant development, PMEs are also involved in
stress response and pathogen defense (Ma et al., 2013).

WOX genes are master regulators of development, and their
direct targets often encode for other TFs. The results of our
coexpression analysis allowed to identify several TF genes
which may be the direct targets of MtWOX9-1. Therefore, the
next step of research will be to check the relations between
MtWOX9-1 and these genes using molecular biology methods.

Conclusion

The observed differences between w9o and wt calli and con-
trol can be considered as the specific effect of MtWOX9-1
overexpression but, on the other hand, they may result from
SE process itself, which tends to start earlier in w9o calli
(Tvorogova et al., 2019). Thus, these data may be useful both
for MtWOXO9-1 target search and for the search for new SE-
associated genes and SE stimulators.
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Alfalfa (Medicago sativa L., Medicago varia Mart., Medicago falcata L.) is a perennial leguminous plant well-known
as the queen of forages cultivated all over the world. The general biology and morphology of the plant has been
described in detail. The typical inflorescence of the plant is raceme. Due to the multistep inbreeding process in this
cross-pollinated species, different mutant forms have been found in inbred progenies. They include long racemes,
panicle-like racemes (with fertile and sterile flowers), complicated branched racemes, and fasciated inflorescences.
The fasciation trait was discovered first in long racemes and then it was introduced into every mutant inflorescence
type by hand pollination. By means of pair hybridization, transitional forms of some mutants were isolated and the
new mutant forms combined two or three mutant genes. New gene names are proposed for new duplex and tri-
plex mutant types: Ipfas, pillpfas, brilpfas. Medicago truncatula is a conventional model species for legume genome
research. M. truncatula and alfalfa share highly conserved nucleotide sequences and exhibit nearly perfect synteny
between the two genomes. The knowledge about inflorescence development in model M. truncatula plants adds to
understanding the genetic nature of mutant inflorescence development in alfalfa; therefore, we compiled the infor-
mation on the genetic regulation of inflorescence development in M. truncatula. The M. truncatula mutant mtpim has
a complicated inflorescence structure resembling panicle-like inflorescence in alfalfa. Presently, it is known that the
inflorescence architecture in M. truncatula is controlled by spatiotemporal expression of MtTFL1, MtFULc, MtAP1, and
SGL1 through reciprocal repression. Some mutants isolated in M. truncatula resemble alfalfa mutants in phenotype.
The mutant generated by retrotransposon insertion mutagenesis and named sg/71-1 has a cauliflower-like phenotype
looking just like the cauliflower mutant in alfalfa. New data concerning genes regulating inflorescence development
in model legumes approach us to understanding the phenomenon of inflorescence mutations in alfalfa. The informa-
tion of inflorescence mutants in nonmodel crops may augment our knowledge of plant development and help crop
improvement.
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MyTaHTbI pa3BUTUSI COLIBETUI y tollepHbl (Medicago sativa L.)
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TouepHa (Medicago sativa L., Medicago varia Mart., Medicago falcata (L.)) - MHoronetHee 6060Boe pacTeHue, N3BeCT-
HOE KaK «KOpOoJIeBa KOPMOB» U KYJIbTUB/PYeMOe Ha BCeM 3eMHOM Luape. O6was 6ronorvsa n mopdonorus pacteHus
OnucaHbl B feTansx, TMMMYHOE COLIBETUE NIOLIEPHBI — OTKPbITas 6pakTeo3Has KCTb. B npoLecce MHOrocTyneHYaToro
camoonbineHNsA B MHOPeHbIX MOKONEHMAX JIIOLEPHbI OnpeAeneHbl MyTaHTHble Mo CTPOeHNIo couBeTuin Gopmbl. Cpe-
[V HUX YAJIMHEHHDblE, MeTeNIKOBUAHblE (pepTuibHbIe 1 CTePUTIbHbIE), BETBUCTbIE CIOXHOMO CTPOEHNSA, @ TaKXKe CoLBe-
™A ¢ dacuMMpPoBaHHbIMK LiBETOHOCaMK. Mpr3HaK dacumalum COUBETUA BbIABMEH Y NIIOLEPHbI CPEAUN YASIMHEHHDBIX
couBeTuii 1 fanee Obin BBeAEH B KaXKAbI MyTaHTHbIV TUM COLBETUA MyTeM CKpeLuBaHU BpyyHyto. [ocpeactsom
napHbIX CKpeLLBaHNA CO3AaHbl MepexofHble rmépuaHblie MyTaHTHble GOPMbI, COUeTatoLWme ABa UKW TPU MyTaHTHBIX
npu3Haka. HoBble fBOMHbIE 1 TPOWHbIE MyTaHTbl MONYYnnu HasBaHus: Ipfas, pillpfas, brilpfas. Medicago truncatula
— KJTaCCMYeCKMN MOAEeNbHbIA 06bEKT NPOBeeHNA reHOMHbIX NccnefoBaHuin y 6o6osbix. M. truncatula v nouepHa
noceBHas NPOABMAT KOHCEPBATVBHYIO HYKNEOTUAHYIO NOCe0BaTeNbHOCTb 1 0651aAatoT BbICOKOI CTEMEHbIO CYH-
TEHVM reHOMOB. 3HaHVe O PerynALunN Pa3BUTUA COLBETUI Y MOLENbHOIO pacTeHus M. truncatula nonesHo Ans noHu-
MaHUsA reHeTUYECKON NPUPOAbI MyTaLWii y NoLEPHBI, B CBA3M C YeM ObiNl NPOBEeAEH aHanv3 MHGOPMaLK O reHeTUKe
passuTtna M. truncatula. K HacTosALeMy BpeMeHM N3BECTHO, YTO apXuUTeKTypa couBetuna y M. truncatula Haxogmtca nog,
KOHTPOJIEM MPOCTPaHCTBEHHO-BPEMEHHON 3Kcnpeccun reHos MtTFL1, MtFULc, MtAPT n SGL1 nocpenctsom obpat-
Horo nopaeneHuna. HekoTopble MyTaHTbI, BblAenieHHble y M. truncatula, nmetoT GeHOTUM, CXOXUiA C PeHOTUMOM MyTaH-
TOB ntouepHbl. MyTaHT mtpim M. truncatula obnapgaet CNOXHbIMU COLBETMAMM, HAMOMUHALMMUN METESTIKOBULHbIE
couBeTUA y MyTaHTa ftoLepHbl NOCEBHON. MyTaHT, MOMlyUYEHHbI MyTeM MyTareHe3a yepes3 MHCEPLMIO PETPOTPaHC-
Nno3oHamu, NoA HaszBaHueM sgl1-1, umen GbeHOTVN TrNa «LBETHON KamnyCTbl», MPUCYLLMIA MyTaHTY C aHaIOTMYHbIM Ha-
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MyTaHTbl pa3BUTMA COLBETUN
y niouepHbl (Medicago sativa L.)

3BaHMEM Y JIIOLePHbl NOCeBHOW. HoBble AaHHble O perynAauMmn pasBUTAA COLBETUI Y MOAENbHbIX BUAOB 6060BbIX
NPUGAMXKAIT Hac K MOHVMaHMI0 deHoMeHa MyTauuMii couBeTuin y niouepHbl. MHpopmauma o MyTaHTax couBeTUi
y HeMoZenbHbIX KyNbTyp BHOCUT CBOW BKNaf B HayKy O Pa3BUTMU PacTeHWUA U Nosie3Ha ANA YNy4lleHUa KynbTyp.
KntoueBble cnoa: Medicago sativa L.; niouepHa; MyTaHTbl; COLBETMWSA; Pa3BUTUE PAaCTEHUIA.

Introduction

In most traditional botanical terms inflorescence is a flowering
shoot. Different theories of inflorescence classifications exist,
especially in legume. In the present paper for characterization
of the mutant inflorescences in alfalfa the terms of the axe of
the first order, the axes of the second and higher orders will
be used for convenience. Typical inflorescence of alfalfa is an
open bracteous compound raceme. Flowering in the wild type
inflorescence of alfalfa starts acropetally. In general flowering
in angiosperms starts from transition of shoot apical meristem
(SAM) to flower apical meristem (FAM). Mutants of inflo-
rescence development in alfalfa demonstrate the wide range
of variability of positions of FAM development.

Inflorescence type is one of the main traits in plant taxono-
my. The shapes of flowers and their organization into branch-
ing systems, called inflorescences, dictate much of plant
diversity. Development mutant deviations are good example
of possible confusing in species taxonomic attribution using
herbarium specimen. For example, panicle-look inflorescence,
the most famous spontaneous mutation in alfalfa, transforms
the habitus of the plant radically. Teratological events in plants
attracted attention of botanists for a long time (Fedorov, 1958),
but the genetic nature of some morphological deviations still
remains not quite clear.

Alfalfa is a tetraploid cross-pollinated plant, self-pollination
in few progenies allows to reveal the hidden polymorphism
and sometimes leads to spontaneous mutations. Blossoming
and pods setting is the top of individual plant development,
the success or failure in ontogenesis is crucial. Inflorescence
bearing flowers is the main construction for reproductive mis-
sion of the plant implementation. Deviations leading to seed
reproduction failure should not maintain by natural selection,
nevertheless some mutations are possible not to decrease but
even to increase seed production. Other mutations in alfalfa
are subjects of interest from the point of view of develop-
mental genetics. Molecular and genetic studies show that the
underlying mechanisms controlling flower development are
largely conserved in distinctly related dicotyledons plants
species. In the studies by M.F. Yanofsky (1995) early-acting
genes were identified, that promote the formation of floral
meristems, and later acting genes that determine the fate of
floral organs primordia (Yanofsky, 1995). The events which
determine transition of SAM to FAM are more early-acting
than events coordinating differentiation of floral primordia,
thus fate of inflorescences differentiation is resolved earlier
than flowers whorls differentiation. The mutants of M. sativa
with deviations in shoot meristems behavior and flower devia-
tions are not under review in the present paper.

Materials and methods

All spontaneous mutants described below were got in VIR
during large-scaled population screening in inbred progenies
in the field conditions. Plants in individual standing were
covered by isolators (one-half of the plant). Flowers under
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isolators were tripped artificially by hand and self- or cross-
pollinated. Self-pollination and crossing were made without
castration. Hybridization was made by pollination by pollen
of desired parent under the isolators in field. Some material
was grown and pollinated in 2017 in greenhouse without
isolators in the lack of insects (Pushkin laboratories of VIR).
No any chemical or radioactive mutagens were used. Field
experiments were conducted in 1981-1992 at former VIR
Aral Research Station (Kazakhstan) and in 2009-2011 at
VIR Maykop Research Station (Adygeya Republic, Northern
Caucasus).

Mutants description

Panicle-like mutants. Typical inflorescences of alfalfa— open
bracteose raceme. Most famous spontaneous inflorescence
mutation in alfalfa — panicle-like inflorescence, was disco-
vered independently by several breeders (Dudle, Wilsie, 1956,
1957; Bayly, Craig, 1962; Murray, Craig, 1962; Pashenko,
Rustamova, 1971; Mariani et al., 1976; Kinoshita, Sugi-
nobu, 1982; Dzyubenko N.I., Dzyubenko E.A., 1992). Itis a
compound inflorescence with fertile, semi-sterile and totally
sterile flowers. On the axil of the first order instead of the
FAM the second order axils are formed bearing flowers and
pods (Fig. 1, a, Fig. 2, b—c).

This type of mutation was found in VIR in 1981 in self-
pollinated progenies from crosses of the plants varieties
Ellerslaier and Tibetskaya. The expression of the trait varied
widely in the progenies. The mutant plants were divided
into four groups depending upon the expression of the trait:
a) plants with normal racemes and few panicle-like inflores-
cences; b) plants with few normal racemes, simple panicles
and few large panicles with compound structure forming pods
(fertile); c) plants with compound panicle inflorescences only,
different violations of some flower structures may be observed,
including actinomorphic petals, vestigial generative organs,
pod setting decreased to some extent due to the presence of
vestigial flowers (semi-fertile, semi-sterile); d) cauliflower-
like inflorescences with rudimental flowers not forming pods
(sterile).

Undifferentiated flower primordia stopped at their differen-
tiation at the Va stadia of organogenesis (Kuperman, 1984).
According to F.M. Kuperman (1984), inflorescence primordia
and bracts are developing at the third stage of morphogenesis
of higher plants, while differentiation of floral meristems
occurs at the fourth stage of morphogenesis. Bracteas in
cauliflower-like mutant are well-developed. The cauliflower
phenotype appeares as a mutation in different plant genera
and possible has common genetic regulation.

The panicle-like inflorescence trait is governed by a single
recessive gene pi-1 (for M. sativa) and pi-2 (for M. falcata)
(Dzyubenko N.I., Dzyubenko E.A., 1992). Z. Bodzon (2016)
named this mutation as b and remarked that it enhanced 610
times floret number per inflorescence. Sterile panicle-like
inflorescence, cauliflower type, was supposed to be controlled

701



N.I. Dzyubenko
E.A. Dzyubenko

1

Fig. 1. Picture and scheme of main mutant inflorescences in alfalfa.
a - panicle (pi-1); b - branched (bri); c - long petiole (Ip).

Fig. 2. Panicle mutants inflorescences.

a - normal inflorescence of alfalfa — a raceme; b - fertile panicle with pods
(pi-1); ¢ - sterile panicle (cauliflower type inflorescence).

Fig. 3. Wild type (left) and branched inflorescences.

by one recessive gene in nulliplex position (Kinoshita, Sugi-
nobu, 1982).

Mutation “Branched raceme”. Most striking mutation,
never found in alfalfa before, characterized by partial replace-
ment of racemes by shoot-looking structures, bearing flowers
(and setting pods) on the main axil at the bottom part and
forming additional axes of the second order (sometimes even
third or fourth orders) bearing flowers in its turn (Fig. 1, b).
Flowers in the upper part may have some abnormalities such
as flowers fused together or actinomorphic flowers with
polymeric gynoecium. Progeny of self-pollinated mutants
with branched racemes divided into groups of plants with
different phenotypes.
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O Flower
— Bracteola

<> Bractea

Phenotype 1. Dwarf plants up to 30 cm, non-flowering and
non-branching, with fragile shoots with short internodes, with
dark green leaves.

Phenotype 2. Semi-dwarf plants 30—50 cm high with lonely
almost sessile pale flowers, with fragile shoots and dark green
leaves. Non-branching plants.

Phenotype 3. Plants of common size and dark green leaves
and common inflorescences.

Phenotype 4. Plants with branched inflorescences. This in-
florescence type does not fit any inflorescence type according
any botanical classification, including last one suggested for
legumes (Sinjushin, 2018). In the upper part of the raceme,
the secondary axes are formed instead of flowers, some of
them continue to produce axes of the third and higher orders,
at the bottom part of the main axe normal flowers are set.
Flowering starts acropetally by the bottom flowers at the axe
of'the first order and by the bottom flowers of the second order
axes. Size and branching of axes of the second order demon-
strated a large variability (Fig. 3). Mutation was named bri
(Dzyubenko N.I., Dzyubenko E.A., 1992-1994, 1998, 2009,
2010). Branched inflorescences were characterized by high
pollen and ovules fertility close to norm (Dzyubenko, 1990)
and good seed production.

One can supposed that such kind of splitting in the self-
pollinated progenies — presence of branched inflorescences
type plants (abundance of SAM and FAM activity) together
with the presence of dwarf plants with shortened internodes
and dark green leaves (lack of SAM and FAM activity), may
be connected with some gene system acting through hormones
regulation, as it is described in A. Dalmadi et al. (2008).

Long inflorescence. In the population of variety Vela
k-42716 some plants of spontaneous mutants with long
racemes were revealed. Plants with long racemes were self-
pollinated. After self-pollination in progenies the length of the
racemes in plants varied from 18 to 28 cm, amount of flowers
per raceme — 10-32 cm. Fallen (un-pollinated) flowers and
buds consisted up to 75 % from initial amount of flowers
in some racemes, meanwhile in some racemes pod setting
was good, promising for increasing the seed yield in alfalfa
(Dzyubenko N.I., Dzyubenko E.A., 1991). Fertility of the
pollen was high in most plants with long racemes, fertility of
ovules was also close to norm (Dzyubenko, 1990).
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Fig. 4. Long inflorescences.
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a - maloasian alfalfa S1 plants from VIR collection selections; b - spontaneous mutants.

Fig. 5. Fasciated long petiole Ipfas inflorescences and inflorescence of hybrid plants from hand crosses between different mutant

types with fasciated long inflorescence.

a - wild-type raceme; b - branched (bri) x long fasciated (Ipfas) = brilpfas; c - fasciated long petiole ((Ipfas) with fertile flowers, splitting of
peduncle; d - fasciated long petiole (Ipfas) with sterile flowers; e — fasciated long petiole ((Ipfas) with fertile flowers; f - panicle (pi7) xlong

fasciated (Ipfas) = pillpfas.

Another source of long racemes in alfalfa — so called malo-
asian alfalfa from Turkey. VIR alfalfa collection was estimated
by this trait and promising germplasm with high seed produc-
tion was isolated (Dzyubenko N.I., Dzyubenko E.A., 1991)
(Fig. 4). Other breeders also paid attention to long racemes
in alfalfa as a potential for increasing seed yield (Staszewski,
1986; Bodzon, 1998). The Ip trait is controlled propably by one
recessive gene inherited in tetrasomic way (Dzyubenko N.I.,
Dzyubenko E.A., 1991; Bodzon, 1998).

Fasciation mutants’ development in alfalfa. Broadening
phenotypic diversity. Initially long inflorescences with fas-
ciation were found in the self-pollinated progenies of the
alfalfa accessions from Asia Minor from VIR collection. By
means of deep inbreeding up to the fourth generations and
subsequent selection the plants with wide fasciation at the top
of inflorescence were obtained. Fasciation of the peduncle did
not affect seriously the structure of the flowers. Nevertheless,
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up to one-half or the flowers dropped without pod setting.
The dropped flowers were analyzed, they represented buds of
different age. The amount of dropped buds increased with the
extent of fasciation of peduncle. Expression of the trait “fas-
ciated inflorescence” varied, the extreme manifestation was
observed as 100 % fasciated inflorescences at the plant with
up to 7 cm width of peduncles. All buds of the plant dropped
at the stage 1-2 mm. Fasciated peduncle may split at the top
into some sectors. The expression of the trait in self-pollinated
progenies of the mutant plants varies from slight fasciation at
the top of inflorescences to totally sterile inflorescences with
flat peduncle. The trait “fas” was easily transferred to other
inflorescence mutant forms (Fig. 5), using hand pollination.
In panicle-like mutants, especially in fertile forms, the flat-
tening of the inflorescence peduncle does not lead to flowers
fertility reduction. In branched inflorescences monstrous inflo-
rescences with fasciated peduncles were obtained, semi-fertile,

703



N.I. Dzyubenko
E.A. Dzyubenko

Mutants of inflorescence development
in alfalfa (Medicago sativa L.)

Table 1. Plan of crosses between plants with different mutant inflorescences

and generated double and triple mutant inflorescences in alfalfa

Crossing variant Raceme with

fasciated peduncle fas

Raceme with elongated peduncle Ip Ipfas
Panicle-like inflorescence (fertile) pil pitfas
Caulifiower panicle-like inflorescence (sterile) it~ pitfas
BranChedmﬂorescenCEbnb” ......................

Fig. 6. Proliferation.

a - in cauliflower inflorescence; b - in long inflorescence.

some flowers had polymeric gynoecium, nevertheless most of
the plants set the pods. In pea (Sinjushin, 2016) facsiation of
the peduncle did not affected the viability of flowers in most
cases, too. As a rule, fasciation affects most of SAM and FAM
of the plant simultaneously, leading to the peduncles and stem
flattening to the different extent. New combinations of mutant
inflorescence types with fasciation and their designation are
given in the Table 1.

Proliferation

Loss of FAM meristem identity in inflorescences leads to such
phenomenon as proliferation with developing of vegetative
shoot as prolongation of the inflorescence stalk or the axis of
the second order, such cases were revealed in panicle inflo-
rescences and long racemes (Fig. 6).

Mutants defective in their floral meristem identity (FAM)
are possible to produce leaves after their transition to repro-
ductive development, so some mechanisms cause “reprogram-
ming” of FAM during this transition. Mutants defective in
LEAFY/FLORICAULA (LFY/FLO) are available in various
angiosperms, including tomato, pea, maize, snapdragon and
Arabidopsis, and all show severe defects in flower develop-
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Raceme with
elongated peduncle Ip

Raceme with elongated
fasciated peduncle Ipfas

pillp pillpfas
pillp pillpfas
brilp brilpfas

ment. For instance, in snapdragon flo mutant flowers are
replaced by shoots (Coen et al., 1990).

Discussion

A main factor that shapes inflorescence architecture is the iden-
tity of the meristems produced in the inflorescence apex, what
determines the relative position where flowers are formed. In
Arabidopsis, upon floral transition, the vegetative meristem
transforms into inflorescence meristem, which produces floral
meristems in its turn. The development of the Arabidopsis
inflorescence can be mostly explained by the function and
mutual regulation of three genes: TERMINAL FLOWER 1
(TFLI1), LEAFY (LFY), and APETALA 1 (API) (Shannon,
Meeks-Wagner, 1993; Blazquez et al., 2006). These three
genes act as opposing forces maintaining the balance between
inflorescence and floral meristem identity at the inflorescence
apex (Blazquez et al., 2006). By other definition, at least four
genes are necessary for the specification of floral meristem
identity in Arabidopsis: LEAFY (LFY), CAULIFLOWER
(CAL), APETALAI (AP1), and FRUITFULL (FUL) (Weigel
et al., 1992; Kempin et al., 1995).

Arabidopsis FAM forms simple racemes, not compound, so
the reason for looking the appropriate models for responsible
gene net in more relative model legumes plant is evident.
Demonstrated macro- and microsynteny between the genomes
of the model legume M. truncatula and other related species
like diploid and tetraploid M. sativa (Choi et al., 2004) and
pea (Pisum sativum) (Kalo et al., 2004) makes these plants
easy targets to reveal gene functions.

In P. sativum UNI, BROC, and PIM genes all play roles in
assigning floral meristem identity to the third-order branch.
Pim mutants continue to produce inflorescence branches, re-
sulting in a highly complex architecture and aberrant flowers,
uni mutants initiate a whorl of sepals, but floral organogenesis
is aberrant beyond that developmental point, and the double
mutant uni pim lacks identifiable floral organs. A wild-type
phenotype is observed in broc plants, but broc enhances the
pim phenotype in the double mutant, producing inflorescences
that resemble broccoli. Collectively these genes ensure that
only the third-order meristem, not higher- or lower-order
meristems, generates floral organs, thus precisely regulating
the overall architecture of the plant (Singer, 1999).

Different reverse genetic and genomic tools providing to
establish the function of candidate genes, responsible for ar-
chitectural traits are available in several model and non-model
legume species. M. truncatula is a classic model species for
legumes. Through various international and national genomic
initiatives sufficient amount of M. fruncatula phenotypic
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mutants were arisen using methods of forward and reverse ge-
netics. Most used strategies for mutants generation were Tntl
mutagenesis, TILLING and activation tagging. Both forward
and reverse genetics screenings enabled to isolate interesting
morphological mutants (extreme dwarf with dark green leaves,
mutant with inflorescence and floral organ defects, unifoliate
mutant with cauliflower-like inflorescences) (Tadege et al.,
2008). Mutant populations generated by the retrotransposons
Tntl in M. truncatula are routinely used now for identification
of mutants of genes of interest through reverse genetics (Cheng
et al., 2011). Then, the virus induced gene silencing (VIGS)
methods are available in several legume species including
M. truncatula (Grenlund et al., 2008).

In M. truncatula the leaf development mutants with four
alleles from a M. truncatula mutant collection generated by
tobacco Tntl retrotransposon insertion mutagenesis were
isolated (Tadege et al., 2008). The mutants were named sg//-/
(single leaves) to sg//-4, because all adult leaves were simple
in these mutants, resembling the first leaf (juvenile leaf)
developed in the wild-type plants. Flowers developed in sg//
mutants were abnormal and infertile, lacking petals and sta-
mens and producing numerous flowers with cauliflower-like
morphology. Because of their infertility, the sg// mutants were
maintained as heterozygotes. Progenies from self-pollination
of heterozygous lines segregated wild-type-like and mutant
plants in a 3:1 ratio, suggesting that the mutant phenotype was
linked to a single recessive locus (Wang et al., 2008).

In pea development of inflorescences and flowers is under
the control of few genes. PIM (PROLIFERATING INFLO-
RESCENCE MERISTEM) was validated by A. Berbel et
al. (2001), its homolog in M. truncatula was named mtPIM
(Benloch et al., 2006). Corresponding UNI in pea (Hofer et
al., 1997), M. truncatula homolog gene is sg// (Wang et al.,
2008). Homolog to Arabidopsis clue gene LF in pea is [f
(Foucher et al., 2003), homolog in M. truncatula is unknown.
Function of the gene VEGETATIVE] in pea (Berbel et al.,
2012) is required for compound inflorescence development.
Mutant veg/ forms vegetative shoots instead of inflorescences.
A. Berbel et al. (2012) found that genetic network controlling
the legume compound inflorescence is distinct from that in
grasses and Solanaceae.

Results of expression patterns analyses of TFLI, FULI,
API and SGI in M. truncatula indicated that they play spe-
cific role in identity determination of primary inflorescence
meristem, secondary inflorescence meristems, floral meristems
and common primordia, respectively (Cheng et al., 2018). In
M. truncatula mutants apl and apl sgll manifestated proli-
ferating inflorescences, double mutant mtap 1sgll completely
lost floral identity, resembling cauliflower phenotype (Cheng
et al., 2018). The conclusion was made that inflorescence
architecture in M. truncatula is controlled by spatiotemporal
expression of MtTFL1, MtFULc, MtAPI, and SGLI through
reciprocal repression (Cheng et al., 2018). The data about
homolog genes and mutants inflorescences in model plants,
resembling mutants of M. sativa described above, are given
in Tables 2—4.

The most unclear situation in alfalfa mutants arises in case
of Ip and bri mutants in the lack of resembling mutations
within the model plants. Because of the complex segregation
pattern of the tetraploid inheritance in M. sativa, geneticists
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Table 2. Genes influencing compound inflorescence formation
in Arabidopsis (flower-inflorescence transition),
and their homologs in P. sativum and M. truncatula

Arabidopsis thaliana Pisum sativum Medicago truncatula

LEAFY (LFY) If
(Weigel et al., 1992) (Foucher et al., 2003)

UNIFOLIATA (UNI) Sql
(Hofer et al., 1997) (Wang et al., 2008)
APETALA (AP1) PROLIFERATING MtPIM
(Yanofsky, 1995) INFLORESCENCE (Benlloch et al., 2006)
MERISTEM
(PIM/PEAM4)

(Hofer et al., 1997;
Berbel et al., 2001)

VEGETATIVE (VEGT)
(Berbel et al., 2012)

Table 3.“Cauliflower” phenotype mutants
in Arabidopsis, Pea and Medicago

Arabidopsis Pisum Medicago Medicago
thaliana sativum truncatula sativa

apical unipim mtap]1 sgl1 aaaa
(Kempinetal, (Singeretal, (Chengetal, (Kinoshita,
1995) 1999) 2018) Suginobu, 1982)

Table 4. Genes families regulating fasciation
in Arabidopsis and Pea

Arabidopsis thaliana Pisum sativum

CLAVATA (CLV) and FASCIATA (FAS) FASCIATA (FA)
gene families and FA gene families
(Williams, Fletcher, 2005) (Sinjushin, Gostimskii, 2007)

often study the diploid alfalfa species and subspecies be-
longing to the M. sativa complex, such as diploid M. sativa
ancestor Medicago coerulea (Kalo et al., 2000). P. Kalo et
al. (2000) presented the improved genetic map of alfalfa,
suitable for comparative mapping studies. Since the diploid
and the cultivated tetraploid alfalfa are crossable and belong
to the M. sativa complex the detailed genetic map of diploid
M. sativa can facilitate mapping and tagging agronomically
important traits in different alfalfa populations. The map can
be used in map-based cloning approaches for isolating genes
conditioning important agronomic traits in cultivated alfalfa,
such as traits connected with seed productivity improvement
(for example Ip — long peduncle).

Conclusion

Summarizing achievements in developmental genetics
of inflorescence development in model plants relative to
M. sativa, we approach to understanding of possible genetic
network, regulating the mutant inflorescence deviations in
cultivated alfalfa described above. In the nearest future no
doubt the researchers will be able to identify genes responsible
for these mutations.
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Variability of the structure of correlations
between the morphological and commercial traits of soybeans
with different growth habit and branching characters
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High yields of seeds, green pods and green biomass is the main goal of soybean breeding in many countries.
An assessment of relationships between the productivity traits and their effect on the yield may be useful in
developing effective crop cultivation programs. In soybean, the stem growth habit and the branching character
are interrelated with plant productivity and in most cases determine it. Therefore, the aim of the present work
was to study the variability of the level (strength) and the structure of correlations between 92 morphological,
phenological, biochemical, agronomic traits of soybean accessions with different growth habits, and branching
characters in different weather conditions. 270 soybean accessions of different ecological and geographical origin
from the VIR collection have been grown in the Krasnodar region within 3 years. Field studies of the traits and
biochemical analysis were carried out according to VIR guidelines. The variability of correlation matrices as regards
the strength and structure of relationships was analyzed using the correlation and factor analysis (the principal
component method), as well as the method developed by N.S. Rostova. A comparison of the level (R?, coefficient
of determination) and structure of correlations in different years has shown that the deterioration of external
conditions is followed by an increase in the strength of relationships (R?) between the traits and in the difference
between correlation matrices’ structure. Soybean adaptation to the changing conditions occurs due to the
rearrangements of relationship systems, whereas the degree and direction of these changes are determined by
the growing conditions and specificity of the accessions response. Under favorable conditions, the structure of
correlations in soybeans with different growth habits, and branching characters has more similarity than in the
conditions critical for development. The highest level of relationships (R?) between the traits was observed in the
year that was unfavorable for the growth of the semi-cultivated accessions (with the indeterminate growth habit
and a large number of branches of the 1st and 2nd order). The green biomass productivity of accessions with the
determinate growth habit and more than two branches is most strongly associated with the branch weight, while
in accessions with the indeterminate growth habit and with (or without) 1-2 branches it depends on the growing
season duration, one leaf weight and the number of leaves per plant. In the semi-cultivated accessions (with the
indeterminate growth habit and numerous branches of the 1st and 2nd order), it correlates, besides the listed traits,
with the number of nodes, the internode length, the main stem diameter, the weight of leaves, seed morphometric
parameters and their quality.

Key words: soybean; genetic resources; growth habit; variability; correlations; multidimensional analysis.
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MOP@OJIOTUMUECKUX U X035I1/iCTBEHHBIX MIPM3HAKOB
YV COM C Pa3sHbIM TUIIOM POCTa U XapaKT€pPOM BeTBJIEHUS
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BbicoKas ypoXKalHOCTb CeMsH, 3eJIEHOI Macchl, 3efieHblX 60608 — OCHOBHasA Liefib Cenekuuy cov BO MHOMMX CTpa-
Hax. OueHKa CBA3el Mexzy npusHakamy NPogyKTUBHOCTM U UX BAWSHWE Ha YPOXKaWHOCTb MOMe3Hbl Npu pas-
paboTke 3pdEKTMBHBIX MPOrPamMmmM Mo BO3LENbIBAHMIO KyJbTYpbl. Y COM TUM POCTa CTe6sIA 1 XapaKTep BETBNEHNSA
B3aVIMOCBA3aHbl C MPOAYKTMBHOCTBIO pacTeHUs 1 B 6OMbLIMHCTBE CJlyyaeB onpeaensior ee. [IpoBefeHo nsydeHne
MN3MEHUYMBOCTM YPOBHSA (CUMbI) 1 CTPYKTYpPbI Koppenauuii 92 mopponornyecknx, GeHonornyeckux, bnoxmmmye-
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M3meHUnBOCTb KOppenaLmii Mopdonornyeckmnx
MPU3HAKOB y COM C Pa3HbIM TUMOM PoCTa

CKUX, XO3ANCTBEHHbIX MPU3HAKOB y 06pa3L0oB COM C Pa3HbIM TUMOM POCTa 1 Pas3/INYHbIM XapaKTepoM BETBIEHUA
B KOHTPACTHbIX MOTOAHbIX YC0oBMAX. 270 06pasLioB COM Pa3HOrO SKONOro-reorpaduyeckoro NponNCXoXaeHNs 13
konnekumn BUP Bblipawymsanm Tpu roga B KpacHogapckom Kpae. I3MeHUnBOCTb KoppenAaLMOHHbIX MaTpUL, Mo cuie
N CTPYKTYype CBA3eN aHaM31pPOoBayv C MOMOLLbIO KOPPENALMOHHOIO 1 GaKTOPHOro aHanm3a (MeTofa rnaBHbIX KOM-
MOHEHT) 1 Nno meToay, paspabotaHHomy H.C. PoctoBoit. CpaBHEHME YPOBHSA 1 CTPYKTYPbl KOppenALmi nokasano,
YTO NPY YXYALIEHNN BHELIHUX YCIIOBUI YBENNUMBAIOTCA CUMa CBA3EN MeXAY MPU3HaKamuy 1 pasfinumne B CTPyKType
KOPPEeNAUMOHHbIX MaTpuL. AfanTauma COM K MEHALWMMCA YCIOBUAM MPONCXOAMT 3@ CYET NepecTpoek cuctem
cBA3eN, MpuYemM CTeneHb Y HanpaBieHye STUX N3MEHEHWI ONpeaenAlTCcA YCIOBUAMM Npomu3pacTaHia 1 cnew-
NPrKoN peakumm o6pasLioB. B 61aronpusaTHbIX yCIOBUAX CTPYKTYPbl KOPPENALMIA Y COPTOB COM C PasHbIMU TUMOM
pocTa 1 XapakTepom BeTBfieHUA Gonee CXOfHbl, YeM B KPUTUYECKMX AnA pa3BuTUA. Camblii BbICOKUI YPOBEHb
ceasen (R?) mexnay npvsHakamn Habmoganca B He6NaronpuATHBIN 4718 POcTa rof Yy NoAyKyNnbTyPHbIX 06pa3LoB
(C NHOETEPMUHAHTHBIM TUMOM POCTa U 6ONbLIVM YMCIOM BETBEW NEPBOro 1 BTOPOro nopaaka). [poayKTMBHOCTb
3e/1eHOI Maccbl 06Pa3sLoB C eTEPMUHAHTHBIM TUMIOM POCTa 1 YMCSIOM BeTBeii 6onee 2 Hanbonee CUbHO CBA3aHa
CO CpefHell Maccoln BeTBY; y 06pa3sLoB C MHAETEPMUHAHTHBIM TUMOM POCTa U € 1-2 BeTBAMM (MM 6€3 HUX) OHa
3aBUCKT OT ANNHbBI BEreTaLMOHHOIO Neproaa, CpeAHe MacCbl O[HOIO INCTA U YNCSIA IMCTbEB Ha pacTeHnK. Y nony-
KYJIbTYPHbIX 06Pa3LoB C MHAETEPMUHAHTHBIM TUMOM POCTa M MHOXXECTBOM BETBEW MEPBOro 1 BTOPOro nopsaka
OHa KoppenupyeT, KpoMe NepeUrcieHHbIX NPYU3HAKOB, C YNCSIOM Y3/10B, ANIMHON MEXA0Y3NNA U [NAMETPOM F/1aB-
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HOro cTeb6nA, Maccol NNCTbEB, MOpd)OMeTpVI‘-IECKVIMVI napamMmeTpamm CceMAH N NX Ka4yeCTBOM.
KnioueBble cnoBa: cof; reHeTn4ecKne pecypchbl; TN POCTa; NSMEHUYNBOCTb; KOppenAaynu; MHOFOMeprII7I aHanums.

Introduction

Soybean is one of the most economically important legumi-
nous crops, ranking first among them in the world in terms of
cultivated areas (http://www.fao.org/faostat). The numerous
varieties that have been created by now differ by a huge variety
of forms and demonstrate adaptation to various climatic condi-
tions. Along with the specialized varieties, the semi-cultural
forms are also industrially cultivated. The latter are commonly
used for producing green fodder and green manure, as well
as for the development of modern varieties. Soybeans are
characterized by several types of the main stem growth: the
varieties with indeterminate and determinate growth habit are
distinguished. Since the determinate growth habit very rarely
occurs in the wild-growing soybeans, this type of stem is as-
sociated with the domestication of the species (Liu et al., 2007,
Tian etal., 2010). Previous studies have shown that the type of
stem growth in soybean is mainly controlled by the Dz locus;
the indeterminate growth habit is dominant or not fully domi-
nant with respect to the determinate dt/ (Woodworth, 1932).
Also known is the second locus, which controls stem growth
and is designated as Dt2. The Dt2 allele is almost dominant
with respect to dt2. The Dt2/Dt2 genotypes determine semi-
determinate phenotypes in the D¢//Dt] genetic background,
while the d2/dt2 genotypes determine the indeterminate ones.
However, the phenotype is determinate in the d¢//dt1 genetic
backgrounds, because d?/ is epistatic to D¢2 and d¢2 (Bernard,
1972). It has been reported about the identification of the third
allele in the D¢l (dti-t) locus, which produces a phenotype
with some characteristics of both dt/ and Dt2 (Thompson
et al., 1997). The DtI gene (=GmTflI) is homologous to the
terminal flower 1 (TFL1) gene of Arabidopsis, i.e¢., the regu-
latory gene encoding the apical meristem signaling protein.
The transition from the indeterminate to determinant type
occurred through four independent single-nucleotide substi-
tutions, each of which resulted in the replacement of amino
acids (Tian et al., 2010).

The stem growth habit in soybean is an agronomically
important trait, which is interconnected with many economi-
cally important characters. However, it is often difficult to
distinguish between the indeterminate and determinate
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growth habit in field conditions, since their manifestation
is influenced by the day length and the unfavorable growth
conditions (Bernard, 1972). The branching character has not
less influence on the grain and feed productivity of plants. The
semi-cultivated varieties are distinguished by a large number
of branches; the modern ones have no 2nd order branches, or
form only the main stem.

Considering the importance of soybean as a food and forage
crop, high yield of seed, green biomass and green pods is the
main goal of soybean breeding in many countries. An assess-
ment of relationships between the productivity component
traits and their effect on the yield may be useful in develop-
ing effective crop cultivation programs. In this regard, a lot
of research is devoted to the study of correlations between
plant characters, as well as to the search for indicator traits
which can be used for selecting accessions with the necessary
economically important traits. In the works reviewed by the
authors, seed productivity was connected with phenological
and morphological characters, such as the ‘days before rip-
ening’ and ‘grain filling period’ (Ferrari et al., 2018), plant
height and number of branches (Aditya et al., 2011; Hakim,
Suyamto, 2017), number of pods per plant (Board et al., 2003;
Nagarajan et al., 2015; Rodrigues et al., 2015; Machado et al.,
2017), number of nodes and pods with 2—3 grains (Machado
et al., 2017), number of seeds per plant (Rozhanskaya et al.,
2016), number of pods per plant and nodes on the main stem
(Silva et al., 2015), as well as the number of seeds per plant
and the 1000 seed weight (Vu et al., 2019). A number of works
have noted a close relationship between seed productivity and
green biomass (Leshchenko et al., 1987) or the above-ground
mass of the plant (Huang et al., 2009).

There may be several reasons for so different, sometimes
even opposite results concerning the relations between the
traits of the seed and biomass yield obtained in studies of
different authors. On the one hand, it can be explained by
the nature of quantitative traits, which are characterized by
continuous variability determined by the influence of a large
number of genes, or by the redistribution of the number and
range of genes due to the change of the limiting environmental
factors. On the other hand, many authors studied correlations
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using a limited number of genotypes, evaluated a different
number of traits employing different statistical methods, and
therefore obtained different results. Besides, the studies did
not take the diversity of the studied forms into account. It is
known that a change of only the sample size can reveal the
previously inconspicuous connections (Rostova, 2002). For
instance, a simultaneous study of hay, silage, and green fodder
soybean accessions may yield one set of results, whereas their
separate analysis may yield a different set of data (Burlyaeva,
Rostova, 2014).

Though the amount of correlation studies in soybeans per-
formed by now is quite huge, there is no common point of
view on the relationships between the quantitative traits that
determine the seed and green biomass productivity. In spite
of the obvious difference in morphological and economically
important traits between the accessions with different growth
habit and branching characters, we failed to find any studies
differentiating varieties according to these characters and
analyzing the links between productivity elements taking the
morphotype into account. The information about correlations
is fragmented and is limited to a statement of facts; mean-
while, the study of the correlations variability allows making
a judgment on the interrelationships between traits, inherited
variability, and helps to choose the right breeding strategy.

The purpose of the present work was to study the variability
of the level (strength) and structure of correlations between
morphological, phenological, biochemical, economic traits in
soybean accessions with different growth habit and branching
characters in different weather conditions.

Materials and methods

To study the variability of the structure of correlations between
morphometric, biochemical and economically important
soybean traits, 270 accessions representing domestic and
foreign varieties of different ecological and geographical
origin were selected from the global VIR collection (the
N.I Vavilov All-Russian Institute of Plant Genetic Resources).
Ninety-two traits of soybean varieties have been investigated
(Supplement)1. The soybean plants included in the study
significantly differed from each other. They were divided
into three groups according to the growth habit and branch-
ing characters. The first group included accessions with the
determinate growth habit and a large number of branches
(more than two), the second group united the semi-cultivated
accessions with the indeterminate growth habit and numer-
ous branches of the 1st and 2nd order, while the third group
consisted of the accessions with the indeterminate growth
habit with 1-2 branches or without them.

The data selected for the analysis resulted from the field
experiments, which were carried out in 1989, 1992 and 1994
at the Kuban Experiment Station of VIR (KOS VIR) located
in the steppe area of the Prikubanskaya Plain. The trial years
were characterized by contrasting meteorological conditions.
In 1989, the growing degree days above 10 °C amounted to
3590 °C, 3156 °C in 1992, and 3578 °C in 1994. The amount
of rainfall during the growing season in 1989 was 394.7 mm,
334.3 mmin 1992, and 177.1 mm in 1994. In 1989 and 1992,
the rainfall exceeded the average long-term norm, whereas in

1 Supplementary material is available in the online version of the paper:
http://www.bionet.nsc.ru/vogis/download/pict-2019-23/appx14.pdf
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1994 it was significantly below the norm. The high moisture
availability in 1992 was observed only in the first half of the
growing season, while the second half of the summer was
characterized by insignificant rainfall.

The accessions were sown according to the collection nurs-
ery pattern. Each variety was sown in a four-meter single-row
plot, with the inter-row spacing of 70 cm and 10 cm between
plants in a row. Phenological observations, botanical and
morphological descriptions of the accessions were carried out
in accordance with the The International COMECON List of
Descriptors for the Genus Glycine Willd (1990). The green
biomass yield was estimated in the mowing ripeness phase
(the onset of pods filling). The weight of branches, leaves and
pods was determined at the same time for 10 plants of each
accession. After ripening, the analysis was carried out on
10 soybean plants selected from the middle of a row.

The content of dry matter, fiber, protein in green biomass,
oil and protein in the seeds was determined in the bioche-
mistry laboratory of the Kuban Experiment Station of VIR,
while the content of trypsin, chymotrypsin in the seeds was
analyzed in the Biochemistry Department of VIR according
to the Methods of biochemical research in plants (Ermakov
et al., 1987). The green biomass biochemical composition
was analyzed when assessing the green biomass yield in the
mowing ripeness phase.

The revealing of regularities in variability and of the degree
of correlation of 92 economic and biological traits in diffe-
rent environmental conditions with different types of soybean
growth and branching characters, determination of their infor-
mation value, adjustment of the initial set of traits by discard-
ing redundant and secondary characters were performed using
statistical data processing, which included correlation analysis
and factor analysis of the correlations system using the prin-
cipal component method. The identification of the groups of
the most interconnected traits (pleiades) was carried out by
analyzing the systems of correlations when constructing the
correlation circles (matrix images in the form of the correla-
tion cylinder sections) (Terentiev, 1959). The analysis was
performed for nine correlation matrices calculated for each
sample (for three groups of accessions, composed according
to the growth habit and branching characters, for three years
of research). The correlations were compared concerning the
strength (level) of relationships (R2 — coefficient of determina-
tion) and their structure (traits rearrangement in the correlation
pleiades). The differences between the correlations matrices
in the strength of relationships were determined by compar-
ing the average values of the determination coefficients (R?)
(Wright, 1920). Similarity of characters relationship systems
(correlation matrices) was calculated between matrices with
z-transformation (Rostova, 2002). The R. Fisher’s z-transfor-
mation was introduced for converting the distribution of the
correlation coefficients (r) to the normal one according to the
formula z = 0.5 In((1+1)(I-r1)). After the z-transformation,
each of the compared correlations matrices (diagonal elements
excluded) was rearranged into a vector. The obtained 9 vec-
tors were used to form a new data array; in it, each matrix
was regarded as a trait, and the individual coefficients in this
matrix as values of the trait. The compared matrices were or-
dinated using the principal component method. The first main
component was regarded as the factor of matrices similarity,
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and the proportion of variance corresponding to this compo-
nent (FD1%) was used as an indicator of the degree of all the
compared matrices similarity. The second main component
was interpreted as an indicator of differences in the structure
of matrices (Rostova, 2002). After grouping 9 correlation ma-
trices by the principal component method and combining them
with the correlation circles (matrix images in the form of the
correlation cylinder sections), the regularities in the matrices
distribution and changes in the structure of relationships in
them were determined, i.e., the variability of the system of
correlations in soybean accessions with different growth habit
and branching character in different weather conditions have
been revealed. Data analysis was performed using Statistica.7
and Excel 7.0 for Windows.

Results

At the initial stage of the study, the entire set of traits was
analyzed in order to assess their relative informativeness. The
factor analysis of all traits was performed using the data com-
bined for three years of research and for each year separately.
It has shown that the studied traits variability is associated
with ten main factors. The studied traits got distributed into
the factors of growth habit, seed weight and size, growing
season duration, plant height, seed biochemical composition,
leaf size and shape, green biomass biochemical composition,
plant color (anthocyanin content in organs), the content of
anti-nutrients in seeds, inflorescence parameters, and of green
biomass yield. A more detailed description of this analysis is
given in a previously published paper (Burlyaeva, Malyshev,
2013). As aresult, 20 traits were selected as the most important
ones for studying the accessions concerning their growth habit
and green biomass productivity indicators. Also, the characters
most strongly associated with the coordinated variability of
plants in changing environmental conditions were identified.
These included the weight of plants, branches and leaves; the
number of leaves, branches and nodes; the average weight of
one leaf and branch; stem diameter; plant length; internode
length; middle leaf length and width; percentage of leaves
from the total plant weight; growing season duration; the
content of protein, fiber and dry matter in the green biomass;
the content of protein and oil in seed; 1000 seed weight; and
the seed hilum width.

Further studies of variability of the correlations level and
structure were carried out using the adjusted set of traits. The
evaluation of matrices for the relationships structure variability
(by the traits rearrangement in the correlation pleiades) was
carried out using the principal component analysis according
to the method by N.S. Rostova (2002) described above in the
Materials and Methods section. The first main component
was interpreted as the factor of matrices similarity, while the
second component reflected differences in the structure of
matrices connection. The proportion of the main component
variance was taken as the indicator of the degree of the com-
pared matrices similarity.

A comparison of nine z-transformed correlation matrices
(three groups for three years of study) has shown that the
similarity of the structure of correlations between accessions
from different groups is lower than within each group (52.2 %
for all groups, 70.9 % for group 1, 52.4 % for group 2, and
65.5 % for group 3). When studying the variability of correla-
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Fig. 1. Correlation structure variability in soybeans with different growth
habit and branching characters in years of research.

F1 - matrix similarity factor; F, - matrix specificity factor. 7 - group of accessions
with the determinate growth habit and more than 2 branches; 2 - group of
accessions with the indeterminate growth habit and numerous branches of
the 1st and 2nd order; 3 - group of accessions with the indeterminate growth
habit and 1-2 branches (or without them).

Strength of relationships in correlation matrices

of the accessions with different growth habit

and branching characters in different year of the study
(1989, 1992, 1994)

Group Year

1989 1992 1994
1 0.060 0.103 0.086
Accessions with the determinate
growth habit and over 2 branches
2 0.181 0.160 0.274
Accessions with the indeterminate
growth habit and numerous branches
of the 1st and 2nd order
3 0.063 0.134 0.077

Accessions with the indeterminate
growth habit and over 1-2 branches,
or without them

tion matrices for each year, the largest differences between
them were observed in 1994 with correlations similarity of
67.0 %, while in 1989 and 1992 variability of the trait cor-
relation structure was approximately the same (73.4 % and
73.6 %, respectively) (Fig. 1).

The factorial variance of the correlation matrices of all ac-
cessions over the years of the study was 83.4 % and exceeded
the factorial variance of the matrices calculated for groups
(69.7 %). It follows, that the correlation structure variabil-
ity for these accessions is largely affected by the genotypic
properties of the variety. In 1994, the strongest differences
were noted between the structure of correlations in matrices
calculated for all groups; obviously, the conditions critical for
growth caused serious and diverse changes in the structure of
correlations in different accessions. The highest variability in
the structure of correlations was noted for the semi-cultivated
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Fig. 2. Correlation structure of traits variability in accessions with different growth habit and branching characters in different years of the study.

U - plant weight in pod filling phase; L, - leaves weight; L,,, — one leaf average weight; L% — leaves percentage of the total plant weight; L, — middle leaf width;

L, — number of leaves per plant; V,, — branches weight; V,,,

- one branch average weight; V - number of branches per plant; H - plant length; h; — average

internode length; Di - stem diameter; N - number of nodes per plant; W1 — 1000 seed weight; R, — seed hilum width; T - sprouting-to-maturity period duration;
DR - dry matter content in green biomass; Pro — protein content in green biomass; Pro, — protein content in seeds; OL, - oil content in seeds.

accessions (with the indeterminate growth habit and a large
number of branches of the 1st and 2nd order).

As the growing conditions changed, an instability of the
structure of relationships between traits was also noted in
this group, though the degree of traits determination (R2, the
relationships strength) was the strongest (Table).

When comparing the level and structure of correlations in
different years, one can notice that the strength of relationships
between the traits and the difference in the correlation matrices
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structure increase with the deterioration of external conditions.
Under favorable conditions, the structure of correlations in
soybean varieties with different growth habit and branching
characters is more similar than in the conditions critical for
vegetation. The adaptation of soybeans to the changing con-
ditions in different groups occurs due to restructuring of the
relationship system specific to a particular group.

To reveal more specific differences in the structure of trait
relationships in accessions from different groups in different
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years of the study, matrix images in the form of the correla-
tion cylinder sections were used (Fig. 2). The correlation
relationships in the green biomass productivity pleiad were
the strongest and most stable in all accessions. In 1989, a year
that was favorable for growth, the plant weight in accessions
of the first group was associated with the weight of leaves,
branches and the number of leaves. A strong and permanent
correlation was also observed between the growing season
duration and the dry matter content in the vegetative mass.
In 1992, in the conditions of a cold and wet year, there was
a strengthening of correlation relationships in the plant mass
productivity pleiad, and the stem diameter character entry into
the pleiad. A significant increase was also noted for the cor-
relation between the growing season, the weight of 1000 seeds
and protein content in them. Under severe drought conditions
in 1994, the influence of the growing season on other traits
increased. The plant length was determined by the growing
season duration. The 1000 seed weight correlated with the high
protein content in seeds both in 1992 and in 1994.

The second group composed of semi-cultivated accessions
was distinguished by strong relationships between almost all
traits, and the strongest ones were observed in 1994, a year
that was dry and critical for soybean growth. In contrast to
accessions from the first group, in 1989, a year that was favor-
able for vegetation, the green biomass productivity depended
not only on the leaves weight and number, but also on the
number of nodes and the internode length. Also, a very strong
correlation was observed between the 1000 seed weight and
the oil content in seeds. The growing season duration corre-
lated with the plant length and with the content of dry matter
in the green biomass. At low temperatures in 1992, the role
of plant weight significantly increased in the total variability
due to the increased strength of correlations with the weight
of leaves and stem diameter. The leaf weight correlated with
the 1000 seed weight, stem diameter and oil content in seeds.
In contrast to 1989, the 1000 seed weight strongly correlated
with the internode length. Similar to the accessions with the
determinate growth habit, the relationship between the grow-
ing season duration and dry matter remained stable in all years
of the study. Under the conditions of 1994, an increase in all
correlations is accompanied by a weakened influence of the
number of nodes on the variability of plant structures. The
green biomass productivity, on the contrary, correlated with
the majority of the studied parameters. There formed a rela-
tionship between the stem diameter and leaf characteristics,
the percentage of leaves and the number of branches per plant.
It is interesting to note that in contrast to 1992, there was a
negative correlation between the leaf width and the protein
and oil content in seeds.

In all the years of the study, the most stable and strong
correlations in the third group of accessions (with the inde-
terminate growth habit and with 1-2 branches, or without
them) were those between the green matter productivity, the
weight of leaves, the number of leaves, and the growing sea-
son duration. In 1989 and 1994, there was a stronger negative
relationship between the percentage of leaves per plant and
the growing season duration than in the accessions from the
first and second groups. The correlations between the traits of
green biomass productivity were similar to the relationships
revealed in the accessions with the determinate habit growth.
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The strongest relationships between the traits were observed
in the conditions of 1992. That year, the stem diameter and
the number of nodes per plant played a more significant role
in the total variability of traits. The growing season duration
correlated with the protein content in seeds. The trait of plant
length had a greater significance than for the accessions from
other groups. This trait was associated with the internode
length, the growing season duration, dry matter content in
green biomass and protein content in seeds. The drought of
1994 increased the strength of relationships between traits,
though to a lesser extent than the growing conditions did in
1992. The structure of correlations in 1994 was close to the
structure of relationships between traits in the accessions with
the determinate growth habit.

Discussion

A comparison of the average level of traits determination (R?)
(Fig. 3) and stability of the structure of their relationships
(correlations) (FD1%) performed for both different years and
different groups has shown that the level of strongest rela-
tionships and similarity in the structure of correlations were
observed for the vegetative mass productivity, growing season
duration, and the number of branches per plant. A comparison
of the R%/FD1% ratios for nine correlation matrices (all years
and groups) displays a noticeable decrease in the similarity
in the structure of relationships between such traits as the
growing season duration, seed hilum width and the number
of branches per plant.

These traits are the main ones in the pleiades of the grow-
ing season duration (T), seed and pod parameters (R, ), stem
characters, growth habit i.e., growth habit and branching
characters (V); they have a high level of relationships with
other plant traits (not included in their own pleiades) and are
characterized by strong variability of these correlations, which
depends on both conditions and genotype. It means that the
same traits in different groups form relationships with differ-
ent traits under the changing conditions. The lability of the
trait correlations described above apparently plays a role in
the plant adaptation to various growth conditions.

An analysis of the determination coefficients variability
revealed the highest level (strength) of relationships between
the traits in the pleiades of seed productivity, growing season,
and plant characters (growth habit and branching characters)
(Fig. 4). Alower level of determination and its relative stability
were observed for such traits as stem diameter, leaf length,
protein content in seeds, and dry matter content in green bio-
mass. The traits in the pleiad of green biomass productivity,
shoot, and leaf width were distinguished by a lower variability
of the determination coefficients, i. e., displayed a stable level
of relationships (correlations).

A detailed study of the correlation structure variability has
shown that the relationships of green biomass productivity
with the weight of branches and leaves, and with the number
of leaves, are stable, display the highest level of relationships
and are characteristic of all accessions. The green biomass
increase in the varieties with the determinate growth habit and
a large number of branches is influenced more by the average
weight of a branch, while the growing season duration, one
leaf weight, and the number of leaves per plant have a stron-
ger impact on the accessions with the indeterminate growth
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Puc. 4. Traits determination and variability of the strength of relationships between them.

X-axis — average determination (R2); Y-axis — standard deviation of the average determination coefficient (SDRZ). For trait designations see

Supplement and Fig. 2.

habit, 1-2 branches or without them. In addition to the above
mentioned traits, the green biomass productivity in the semi-
cultivated accessions (with the indeterminate growth habit
and numerous branches of the 1st and 2nd order) depends
on the number of nodes and the main stem internode length.
Changes in the environmental conditions cause both general
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rearrangements in the structure of correlation relationships,
and individual ones, which are characteristic of plants with a

certain growth habit and branching.

The studies of correlation relationships between the traits
in soybean varieties with different growth habit and branch-
ing characters have resulted in revealing a regularity in these
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characters variation under different environmental conditions.
A minor deterioration in the growing conditions entails a
slight decrease in the degree of correlation of all the traits.
More tough conditions change the behavior of the traits of the
generative and vegetative spheres. Fig. 4 shows the separation
of these traits into two groups. R? values either diminish, or
increase for the vegetative organ traits. Determination coef-
ficients sharply increase for the traits associated with seed
productivity. Separation of the green biomass and seed pro-
ductivity traits in terms of the degree of correlation in varieties
of the first and second groups (with numerous branches) was
observed during their development during a drought. The ac-
cessions from the third group (with few branches) displayed
such a separation of traits during vegetation in a year with
excessive moisture in the initial phases of growth and insuf-
ficient moisture in the second half of summer. The difference
between the varieties during critical periods was associated
with the branching characters in these groups. In a dry year,
the accessions with numerous branches experienced a greater
moisture deficiency from the first phases of vegetation (from
the branching period). The varieties characterized by a small
number of branches did not experience such a severe influence
of drought at that time. For them, the most unfavorable year
was the one with a long period of vegetative organs growth
(the phase before flowering) and insufficient moisture during
the periods of mass flowering and pods formation.

Thus, the seed and green biomass productivity not always
show a direct and strong correlation between them. The rela-
tionships between these traits is influenced by both the condi-
tions of the year and the features of the variety. The variation
of R? values for green biomass and seed productivity has its
specificity in each group, which should be taken into account
in breeding for the main economic traits.

Conclusion

A comparison of the correlation coefficient values calculated
for all accessions, groups distinguished by the growth habit
and branching characters, and for the years of study, yields
results that are noticeably different. The data calculated for
all accessions regardless of the growth habit and branching
characters, characterize only the species specificity of the
coordinated variability of soybean traits and do not reveal the
features of varieties that are important for understanding their
behavior in changing environmental conditions. This was not
taken into account in most works that dealt with determining
correlations between the traits and identifying indirect traits
for selection for important economic characters. That is why
the selection using the indicator traits identified by other
researchers often did not yield a proper result.
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The WF1 (White Flower 1) gene controlling the white color
of petals and flowering time in lines from a mapping
population of flax (Linum usitatissimum L.)
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Flax (Linum usitatissimum L.) is grown in different climatic zones as both a spring and winter crop. Adaptation to
different growing conditions produced genotypes with different growth durations and degrees of photosensitivity. It
was always of great importance for breeders to create varieties with rapid development, in particular, early-flowering
ones. The evaluation of lines from the VIR flax genetic collection revealed a wide intraspecific diversity in the duration
of growth phases, the number of leaves on the stem (physiological indicator of early flowering), and the degree of
photosensitivity. Line gc-109, early flowering under the long-day conditions, but greatly photosensitive, was found to
possess the wfl (white flowers) gene, associated with early flowering and a small number of leaves. This line was crossed
to the late-flowering but low-photosensitive line gc-375, which had reddish purple flowers. The analysis of segregation
in F, held under the long (19 hours) and short (12 hours, daylength at the equator) day conditions showed that the
number of leaves on the plant stem was associated with the flowering time and controlled by close genetic systems
only under the long-day conditions. In addition, no relationship between the flowering time and petal color was found
under the short-day conditions. Thus, different groups of genes are active in different light schedules. More than 200
lines of the 6th generation of inbreeding were obtained from the plants of the hybrid population. Their field testing
under the long-day conditions showed that although the majority of the lines with white petals flowered early and
had a small number of leaves, some of them bloomed later and were leafier. On the contrary, the early flowering and
less leafy lines appeared among the lines with colored flowers. Therefore, it is reasonable to assume that a crossover
between the gene participating in the control of early flowering, which came from the gc-109 line, and its wf1 gene
occurred in meiosis of F,. The linkage between the genes controlling early flowering and white petals suggests that
flower color can serve as a marker of early flowering in the selection of early breeding material.

Key words: flax; photosensitivity; earliness; flower color; linkage.
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I'en WF1 (White flower 1) 6e101IBETKOBOCTY VI CPOKI IIBETEHUS
JIMTHUI KapTUPVIOILel mony/asaiuumn jdibHa (Linum usitatissimum L.)

H.b. bpau ®, V.W. MaTBuenko, E.A. ITopoxoBunoBa, A.B. ITaBaoB

DepepanbHbii ccnefoBaTeNbCKUIA LLEHTP BCepoccuincknii MIHCTUTYT reHeTUYeCKrX pecypcos pacteHuii um. H./. Basunosa (BUP), CaHkT-MNeTtepbypr, Poccus
& e-mail: n.brutch@vir.nw.ru

JNeH (Linum usitatissimum L.) BbipalLMBatoT B Pa3INYHbIX KNMMaTUYECKMX 30HaX KaK APOBYIO 1 03UMyto KynbTypy. MNpu-
cnocobneHue K pasiMyHbIM YCNIOBUAM MPOM3pacTaH1A NPUBESO K NOABMEHMIO reHOTUMOB C Pa3HbIM BEreTaLMlOHHbIM
neprofoM 1 PasfIMYHOI CTeneHbio pOTOUYBCTBUTENBHOCTHU. B TO e BpemaA AnA cenekunoHepos GbICTPO pa3BurBalo-
LMeca, N B YaCTHOCTU paHOLBETYLLNE, COPTa BCeraa umenm 6osnbluoe 3HauyeHue. VisyyeHne nMHWIM reHeTUYeCKo Kos-
nekumu nbHa BVIP BbIABMIO LWMPOKOe BHYTPVBMAOBOE pa3HoobOpa3sme No Npofo/mKNTeNIbHOCTU $a3 BereTaLMoHHOro
nepuopa, YNCIy NNCTbeB Ha cTebne ($pr3nonornyeckomy nokasaTtento paHHero LBeTeHUsA) U cTeneHn GpoTouyBCTBI-
TeNbHOCTW. Y paHOLBETYLLEN B YCIOBUAX JJIMHHOIO [HA, HO CUNIbHO pOTOUYBCTBUTENbHOMN NUHUN FK-109 6bin naeHTU-
drLmpoBaH reH 6enoLBeTKOBOCTU W1, aCCOLMMPOBAHHbIN C PAHHUM LIBETEHWEM U MajlbiM KOJIMYeCTBOM JINCTbEB. ITY
NVHUIO CKPECTUNIN C NMO3AHOLBETYLLEl, HO cnabo GpoToUyBCTBUTENBHO NIMHMEN TK-375, nMeloLLeil KpacHo-¢roneTo-
Bble LBeTKu. [pu n3yyenun paciennexus F, B ycnosuax annHHoro (19 u) n kopoTkoro (12 4 — anvHa AHA Ha aKBaTope)
[HA YCTaHOBJIEHO, YTO YNCIIO NNCTbEB Ha CTebrle pacTeHMA acCoLMMPOBAHO CO BPEMEHEM LIBETEHWA 1 KOHTPONNPY-
eTcA 6IU3KMMM reHEeTUYECKMM CCTEMaMM TOJTbKO Ha [JIMHHOM AHe. Kpome TOoro, Ha KOPOTKOM AHE He NpoABNAnach
CBA3b MEXAY BPEMeHeM LiBEeTEHMA 1 LiIBETOM JiIenecTKoB. Takum 06pa3om, Mpu pasHbiX pexkriMax OCBeLLeHNA akTBHbI
pasHble rpynnbl reHoB. V13 pacteHnit rmbpuaHoi nonynauum 6oi1o nonyyeHo 6onee 200 AMHWIA 6-TO MOKONEHUA UH-
6puanHra. Mix TectrpoBaHue B MONEBbIX YCIOBUAX AAVHHOTO iHA NMOKa3ano, YTo XOTA 6OMbLUMHCTBO 6eNoLBEeTKOBbIX
NMHWIA 3aLBETaI0 PaHO 1 IMENO Manoe KONMYeCTBO INCTbEB, YaCTb U3 HMX LiBeNa NO3A4HO 1 6bina 6onee 06nMcTBeHHa.
Cpeay NMHUIA C OKpaLleHHbIMY LIBETKaMU Ha060pOT NOABUANCL PaHOLBETYLLME U ManoobnMCcTBeHHble. Takum obpa-
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30M, MOXHO CAienaTb BbIBOA O TOM, UTO B Meo3e F1 nponsoLwent KpoCcCnHroep mMmexay reHom, y4acteyrLwmnm B KOH-
Tpone paHHero useteHuA, npuweawnm ot JIMHNN rk-109, n ee reHom wfT. CLI,eI'IJ'IeHI/Ie reHOB paHHero uBeteHnAa n Ge-
JIOUBETKOBOCTU CBMNAETENIbCTBYET O BO3MOKHOCTU NCMNONb30BaHUA LIBETA NENECTKOB Kak MapKepa paHHero uBeTteHnA
npun 0T6ope cKopocnenoro cefieKUMoOHHOro matepurana.

KnioueBble crioBa: neH; ¢OTO‘-IyBCTBVITeJ'IbHOCTb; CKOpPOCNeNnoCTb; OKpacCKa UBETKa; cuerieHne.

Introduction

Cultivated plant Linum usitatissimum L. is spread all over the
world in different climatic zones, latitudes, and elevations
above the sea level. It is grown as a spring and winter crop.
Anyway, the earliness of a variety is one of the most important
agronomic characters. This species is characterized by wide
ranges of total growth duration and the duration of its main
phases: from germination till flowering and from flowering
till ripening (Brutch et al., 2011). Being a quantitative charac-
ter, the duration of flax vegetative period is under polygenic
control (Brutch, 2011). The two growth phases are controlled
by different genetic systems (Brutch, 2011). It means that each
phase makes its own contribution and is important for crop
earliness. Also, the number of leaves on the stem below the
inflorescence is considered to be an indicator of flowering
time in different plants (Obraztsov, 1983). This fact was also
confirmed for flax, and a certain similarity between the in-
heritance patterns of flowering time and leaf number was
discovered (Brutch, 2011).

Though the rate of plant development is influenced by
many genes, it is interesting for breeders to search for mor-
phological characters associated with earliness, because they
can simplify the selection of breeding material. Such work
was done at VIR on the basis of its flax genetic collection. It
was discovered that in line gc-109, selected from the Argen-
tine variety Macovi (k-6099), the gene wfl (white flower 1),
controlling white filaments and petal color, was associated
with early flowering (Porokhovinova, 2000). A specific feature
of this gene is that it is semi dominant for corolla color. As a
consequence, heterozygotes for this gene have diluted petal
colors. This fact helps genotyping flowering plants. Due to
this phenomenon, the association of the wf7 gene with early
flowering was confirmed, because plant development accel-
erated proportionally to the number of mutant alleles in the
genome (Porokhovinova, 2000).

As mentioned above, flax is cultivated at different latitudes
as both a spring and winter crop. It means that plants develop
under different photoperiodic conditions. It was believed for
long that L. usitatissimum was entirely a long-day species.
However, evaluation of accessions from the VIR genetic col-
lection revealed genotypes not influenced by the short 12-hour
day (daytime at the equator). Also, the conducted experiments
demonstrated a wide range of photosensitivity among the
evaluated lines (Brutch et al., 2008). Previously it was found
in many crops that the absence of photosensitivity could be
used as an indicator of flowering earliness (Koshkin et al.,
2003). But in contrast to other crops, it was discovered that
flax had genotypes with all possible combinations of flowering
earliness and photosensitivity degree, i. e. early flowering and
low photosensitivity, late flowering and low photosensitivity,
early flowering and high photosensitivity, late flowering and
high photosensitivity (Brutch et al., 2008; Domantovich et al.,
2012). It was detected in those experiments that line gc-109,
being early in flowering under long-day conditions, was highly
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photosensitive. On the contrary, line gc-375, selected from the
Egyptian accession Giza purple (k-6263), being rather late in
flowering under long-day conditions, demonstrated relatively
low photosensitivity (Domantovich at al., 2012). This line, in
contrast to gc-109, had red-violet flowers. The discovery of
this unique plant material allowed further genetic analysis of
earliness, particularly, time of flowering.

The present paper is devoted to the evaluation of the flax
flowering time inheritance, the number of leaves on the stem,
and association of these characters with the white flower gene
under long- and short-day conditions. Finally, the structure
of the mapping population, consisting of self-pollinated
lines selected from the hybrid between contrasting parents,
is described.

Materials and methods
The experiments were carried out in Saint Petersburg, Russia,
at 60° N. Two inbred lines from the VIR genetic collection,
differing by several characters, were chosen for hybridiza-
tion. Early-flowering and highly photosensitive line gc-109
was used as the female parent. It had white flowers controlled
by the genotype wflwfl SFC3-2SFC3-2 CSBICSBI (Po-
rokhovinova, 2011). The male parent was late-flowering and
low photosensitive line gc-375 with reddish purple flowers,
controlled by the genotype WFIWFI sfc3-2sfc3-2 csblcsbl
(Porokhovinova, 2011). Both parents and F, and F, hybrids
were tested for flowering time and degree of photosensitivity
in a special facility with transparent glass and non-transparent
pavilions. In the end of May, 10 seeds of each genotype were
sown in 5-liter pots placed on mobile trolleys in two variants.
During the germination—flowering time, the tested plants were
exposed to the short-day (12 hours) conditions by moving the
trolleys into the lightproof pavilion every day. For this time
control plants were placed in the transparent pavilion. Thus,
they remained under natural illumination (17.5-19 hours),
and the influence of other environmental factors was equal
for both plant groups. The date of the first flower opening was
recorded for each plant, and the germination—flowering time
was estimated. The average duration of this phase under long
(T1) and short (T2) day conditions was calculated for each
genotype. The coefficient of photoperiodic sensitivity (CPhPS)
was calculated as CPhPS = T2/T1. When plants matured,
leaves on stems below the inflorescence were counted.

Field experiments were conducted at the same geographic
location. The F;—F, families were grown in the field with
individual isolation of the plants. Those showing segregation
in petal color were rejected. For the next generation, seeds
from only one plant from each family were chosen. Finally,
about 200 lines that had no segregation within six years were
selected and propagated. The created lines were evaluated in
the field on 1 m long rows spaced by 0.1 m.

Evaluation of quantitative character inheritance is a very
complicated task. Phenotypes are formed under the control
of many genes whose expression is influenced by many en-
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vironmental factors. In our experiment, the number of genes
controlling the duration of the phase from germination to the
opening of the first flower was analyzed by a computer pro-
gram created by A.F. Merezhko (2005) on the Excel platform.
The analyses were carried out individually for each year,
characterized by specific weather conditions.

Statistical analysis of petal color association with quantita-
tive characters was carried out using the bi-serial correlation
coefficient:

ro= (xavl _xav2) nmn,
bs >
S, N(N-1)
where x_,,, x,, are the average character values for the

groups with alternative colors; n,, n, are the volumes of these
groups; N=(n, +n,) is the sampling volume; S is the standard
deviation for the whole sampling. The significance of ,  was
estimated by Student’s #-test. The difference was considered
significant when:

toal=Tps M >t for k= N-2 and 5 % significance level.
(I-rp)

Results

Several years of previous research showed that the early
flowering parent gc-109 had high photosensitivity (CPhPS =
= 1.26-1.45), and the late flowering, gc-375, low (CPhPS =
= 0.95-1.07). High photosensitivity was dominant in F,
(CPhPS = 1.28). The genetic analysis of flowering time per-
formed with F, under the long-day conditions in 2008 revealed
significant differences between the parental lines in two genes
without dominance: one main gene and the other, 2.5 times
weaker (Table 1). Exact determination of the number of genes
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[eH WF1 6enouBeTKOBOCTY 1 CPOKM LiBETEHNA
NNHWIA KapTUpYytoLen Nonynaunm nbHa

controlling the number of leaves on the stem (physiological
indicator of earliness) appeared to be impossible, but the most
probable model of inheritance included three genes with the
dominance degrees ranging from 0.0 to 0.5. One of the genes
was 2.5 times stronger than the others. In addition, the correla-
tion between the flowering time and the number of leaves on
the stem in F, population under the long-day conditions was
very close (»=0.91). In 2009, the most reliable model of the
flowering time genetic control included two genes with some
epistasis, although a three-gene system was also probable (see
Table 1). The inheritance of the leaf number character was very
similar to that of the first variant of flowering time inheritance
(see Table 1). The correlation between the flowering time and
the number of leaves on the stem was 0.50. Thus, it can be
supposed that the flowering time and the number of leaves
are substantially determined by the same genes.

In 2008, the parental lines grown under the short-day con-
ditions differed significantly from each other in five genes
determining flowering time (Table 2). The first one was three
times stronger than the others and had a partial dominance
(=0.5) of early flowering. The inheritance of the leaf number
on the stem was close to a three-gene model. One of these
genes was four times stronger than the others. The correla-
tion between flowering time and the number of leaves on the
stem in the F, population was 0.57. In 2009, flowering time
inheritance was close to a four-gene model in which one gene
influenced the character three times stronger than the others,
and the second, two times stronger than the remaining two
genes. Leaf number inheritance also corresponded to a four-
gene model where only one gene was 1.5 times as strong as
the others. The correlation between flowering time and the
number of leaves on the stem was 0.38. Thus, it is reasonable to

Table 1. Character inheritance under the long-day conditions in F, of the gc-109x gc-375 hybrid in 2008 and 2009

Year Number of genes Dominance Influence of genes Epistasis x? observed ¥ theoretical
............................................................... D evelopmentalphasefromgermmat.ontotheﬁrstﬂoweropenmg
2008 ............ 2 A:B:oA:253:1o ........................... N 0543* ................... 5 99 ..................
2009 ............ 2 A=1o|3=o4 ........................... E qual .......................................... B >A:03083* ................... 3 84 ..................

3 A=B=1.0,C=04 No 1.91% 3.84

A, B, C - gene symbols.
* Inheritance model is statistically significant.

Table 2. Character inheritance under the short-day conditions in the gc-109 x gc-375 hybrid in 2008 and 2009

Number of genes  Dominance Influence of genes Epistasis y? observed  y? theoretical

A, B, C - gene symbols.
* Inheritance model is statistically significant.
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Table 3. Comparison of genotypic classes in the segregation for quantitative characters
in F, of the gc109x gc375 hybrid under the long-day conditions in 2008

Characters of the 15t genotype Characters of the 2" genotype treal ty Tps treal ts
GenOtypexav+mX ...................... n .......... G enOtypexav+mX ................... n ........
.............................................................................. p hasefromgerm.nat.ontotheﬁrstﬂoweropemng
WF7WF14711050 .................. 3 o ........ WF1WH4471040 ............... 5 7372*200037362* ......... 196 .........
WF7Wf1447¢o4o .................. 5 7 ........ W ﬁwﬂ431i057 ............... 2 6230*200024226* ......... 196 .........
WF1WF1471io5o .................. 3 0 ........ W ﬂwﬂ431i057 ............... 2 6526*200053523* ......... 196 .........
................................................................................................ Numberoﬂeavesonthestem
WF,WF, ..................... 10271232 ............... 3 0 ........ WF]Wﬂ ................... 3 82i216 ............... 5 7459*200023214* ......... 195 .........
WF1WH ........................ 8 821215 ............... 5 7 ........ W ﬂwﬂ ..................... 7 991318 ............... 2 6215*200052539* ......... 196 .........
WF,WH ..................... 10271232 ................ 3 0 ........ W Hwﬂ ..................... 7 991313 ............... 2 6579*200042425* ......... 196 .........
* Difference between groups is statistically significant.
Table 4. Comparison of genotypic classes in the segregation for quantitative characters

in F, of the gc109x gc375 hybrid under the short-day conditions in 2008

Characters of the 15t genotype Characters of the 2" genotype treal ts
GenOtypexav+mxn ................ G enOtypexav+mxn ............
.............................................................................. phasefromgermmat.ontotheﬁrstﬂoweropenmg
WF,WH ............................ 5 94108652 .............. W/:7Wf1 ............................ 5 83¢05589 ............. 106200 .............
WF7Wf1 ............................. 5 83105589 ............. W HWH .............................. 5 74¢o7548 ............. 0 95200 .............
WF1WF1 ............................ 5 94i086 ......................... 5 2 ............. W HWH .............................. 5 74107548 ............. 172200 .............
................................................................................................ Numberoﬂeavesonthestem
WF,WH ............................ 1467¢245 ....................... 5 2 ............. WF,Wﬂ ............................ 1454124389 ............. 0 33200 .............
WHWH ............................. 1454124389 ............. W HWH .............................. 1397139743 ............. 122200 .............
WHWF] ............................ 14671245 ....................... 5 2 ............. W HWH .............................. 1397139748 ............. 150200 .............

conclude that the differences between the inheritance models
of flowering time and the leaf number were more substantial
under the short-day conditions than under long-day ones.
Further analysis of the previously identified association
between the wf7 gene controlling white petals (from line
gc-109, Argentina) with early flowering in the I, generation
showed that the expression of this gene correlated with early
flowering and small number of leaves only under the long-day
conditions. Thus, the results indicate that at different light-
dark schedules, different genes controlling flowering time and
the number of leaves on the stem are expressed. The gene(s)
controlling early flowering and associated with the wf/ gene
does (do) not function under the short-day conditions.
Analyses of the F, segregation of wfI gene alleles according
to petal color showed that the recessive allele was associated
with early flowering and fewer leaves only under the long-day
conditions (Tables 3—6). In 2008, the differences in flower-
ing time between genotypes WFIWF 1, WFIwfl and wflwfI
under the long-day conditions were statistically significant,
although WFIwf1 plants bloomed only one day later than
wflwf1 ones (see Table 3). In 2009, the first flower opening
was synchronous with the last two genotypes (see Table 5).
The same results were obtained for the number of leaves on
the stems under the long-day conditions in 2008 and 2009
(see Tables 3, 5). Under the short-day conditions, significant
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differences between genotypes were found in neither flowering
time nor the number of leaves (see Tables 4, 6). These results
confirm that the gene involved in the control of flowering
time and associated with the wf7 gene functions only under
long-day conditions.

Evaluation of F; families under the long-day field conditions
showed that the segregation in the hybrid population resulted
in the appearance of families with white flowers characterized
by both early and relatively late flowering time. Also, early-
flowering families appeared among families with colored
flowers. Families heterozygous for this gene were divided into
two groups: in the first the segregation in further generations
showed significant association of the flowering time with petal
color; whereas no such relationship was observed in the other.
This suggests that one of the genes involved in the control of
early flowering under the long-day conditions was linked to
the wf7 gene. As a result of chromosomal crossover, recom-
bination occurred in several descendant families.

A set of about 200 I, lines was evaluated in the field under
the natural long-day conditions in 2018. The groups of lines
with white and colored flowers were not equal in size, so the
results are presented as percentages of genotypes with approxi-
mately equivalent quantitative characters. The majority of the
lines with white flowers were early flowering ones, and those
that had colored flowers generally flowered later (Figure, ).
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Table 5. Comparison of genotypic classes in the segregation for quantitative characters
in F, of the gc109x gc375 hybrid under the long-day conditions in 2009
Characters of the 1 genotype Characters of the 2"d genotype treal ty Tos treal ty
Genotype Xay EMX n Genotype XayEMX n
Phase from germination to the first flower opening
WF1WF1 55.9+0.42 64 WF1wf1 51.9+0.42 106 6.26°  2.00 0.44 6.26* 196
WF1wf1 51.9+0.42 106 wflwf1 52.2+0.47 64 0.43 2.00 - - 1.96
WF1WF1 55.9+0.42 64 kil 52.2+0.47 64 586 200 044  6.06* 1.96
Number of leaves on the stem
WFTWF1 88.7+2.45 58 WF1wf1 80.2+1.73 103 2.85%  2.00 0.22 2.85% 196
WF1wf1 80.2+1.73 103 wflwf1 81.2+1.79 60 0.37 2.00 - - 1.96
WFTWF1 88.7+£2.45 58 wflwf1 81.2+1.79 60 247%  2.00 0.93 26.52% 1.96
* Difference between groups is statistically significant.
Table 6. Comparison of genotypic classes in the segregation for quantitative characters
in F, of the gc109 x gc375 hybrid under the short-day conditions in 2009
Characters of the 1t genotype Characters of the 2" genotype treal ty
Genotype Xgy EMX n Genotype Xay £ MX n
Phase from germination to the first flower opening
WF1WF1 66.1+0.94 52 WF1wf1 65.7+0.70 117 0.33 2.00
WF1wf1 65.7+0.70 17 wflwf1 63.8+0.86 64 1.69 2.00
WF1WF1 66.1+0.94 52 wflwf1 63.8+0.86 64 1.83 2.00
Number of leaves on the stem
WF1WF1 113.5+£3.01 49 WF1wf1 103 1.32 2.00
WF1wf1 115.2+1.78 103 wflwf1 64 1.40 2.00
WF1WF1 113.5+3.01 49 wflwf1 64 0.65 2.00
a b
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Germination-flowering phase, days

Number of leaves on the stem

Distribution of lines with white and colored flowers according to their germination-flowering phase duration (a) and the number of leaves on the
stem (b) in field conditions. Leningrad Province, 2018.

This was also true of the number of leaves (see Figure, b).
In general, the correlation between the time of flowering
and the number of leaves was retained (» = 0.74) within this
sampling, because the experiment was conducted under the
long-day conditions. The association of petal color with the
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time of flowering and the number of leaves on the stem was
also still significant (Table 7). However, as already found for
F; generation, some genotypes expressed other phenotypes.
Some white-flowered lines were very late in blooming, and
several lines with colored petals were very early.
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The WF1 gene of white petals and flowering time
in lines from a mapping population of flax

Table 7. Comparison of genotypic classes in the segregation for quantitative characters
in lines selected from the gc109 x gc375 hybrid under long-day field conditions in 2018

Characters of the 1t genotype Characters of the 2" genotype treal ts Tps treal to
GenOtypexaVimX ...................... n GenOtype .................. XaVimX ...................... n .........
............................................................................. phasefromgermmat,ontotheﬁrstﬂoweropemng
WF7473¢056 ................ 134 ....... W f1Wf1445i06568 ......... 3 76* ........ 2 00028414* ........ 196 .......
............................................................................................... Numberoﬂeavesonthestem
WF1 ......................... 7 66i305 ................ 134 ....... W ﬂwﬂ ........................ 7 02i21368 ......... 3 84* ........ 2 00027403* ........ 196 .......

* Difference between groups is statistically significant.

Conclusion

Evaluation of the lines selected from the hybrid between the
early flowering line gc-109 with white petals and the late-
flowering gc-375 with reddish purple petals showed that one
of'the genes involved in the control of flowering time under the
long-day conditions was linked to the white flower gene wf7.
This marker can be used for the detection of early flowering
genotypes in hybrid populations. It can be especially useful in
cases when the progeny is grown under abnormal conditions
(green house, etc.) when the real flowering earliness is not
evident. In addition, the white color of petals indicates the
high probability of earliness gene homozygosity.
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The article presents the results of an evaluation of the earliness and photoperiodic response (PPR) in the long-day oat
accessions of various geographic origin. The material for this study were 139 oat accessions from the global collection
of plant genetic resources maintained by the Vavilov Institute (VIR), which included landraces, breeding cultivars, and
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of the oat collection for early maturity and growing plants in the vegetation experiment was carried out according to
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described in the vegetation experiment as earliness and weakly responsive to photoperiod were from Brazil (66 %);
others from the USA, Portugal, Turkey, Colombia and Australia. Most of the Russian cultivars studied (77 %) were sensi-
tive to a short photoperiod. Among donors with different photoperiodic responses, Skorospely 1 and Skorospely 2
were weakly responsive to photoperiod, while Srednespely 1 and Srednespely 2 showed medium responses. Many
years of field studies and vegetation experiments with the oat genetic diversity from the VIR global collection have
resulted in identifying genotypes characterized by earliness and weak photoperiodic responses. These accessions are
of special value for breeders and currently being used to develop new early and productive oat cultivars.
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! DepiepanbHblii NCCNEROBATENBCKNI LLIeHTP BCepoCcCMncKnin MHCTUTYT reHeTUYeCKrX pecypcoB pacteHuii um. H./. Baunosa (BUP), CankT-MNeTepbypr, Poccus
2 CaHkT-TeTepbyprckuii rocyfapcTBeHHbIn yHuBepcuTeT, CaHKT-TeTepbypr, Poccua

® e-mail: i.loskutov@vir.nw.ru

B cTaTbe M3n0XeHbl pe3ynbTaThbl M3yUYeHKA CKOPOCNenocTu 1 GoToneprnoamnyYeckomn YyBCTBUTEIbHOCTY ANMMHHOLHEBHOM
KyNbTYpbl OBCa Pa3fiMyHOro reorpadunyeckoro NponcxoxXaeHnsa. Matepranom ans nccnegoBaHua nocnyxunu 139 o6-
pa3uoB OBCa 13 MUPOBOWN KONNEKLMN reHETUYECKMX PeCypCoB pacTeHUN BcepoccMinckoro NHCTUTYTa reHeTUYeCKnx
pecypcoB pacteHuii um. H.U. Basunosa (BUP), B Tom uncne mecTHble cenekuMoHHble copTa 1 nnHmuK. Kpome Toro, B aHa-
nn3 GbINM B3ATHI AOHOPbI C11aboI UyBCTBUTENBHOCTY K doTonepuroay, co3aaHHble B BUP. MpeasaputenbHoe nonesoe
nccnefjoBaHme KonneKkUym oBca Ha CKOpOCMenocTb 1 BbipallnBaHie pacTeHU B BereTaLiOHHOM OnMbiTe NPOBOAWAN
no metogumkam BUP. M3yueHHble B noneBbIx ycnoBuAX ckopocrenble o6pasLbl Konnekuyun osca BUP nokasanu 6onbLioe
pa3Hoo6pasme No YyBCTBUTENbHOCTU K GpoToneprony B BereTalMOHHOM onbiTe B $OTONEprOfMUYECKOM MaBUIIbOHE.
BonbWMHCTBO 06pa3LIOB, OXapaKTepr30BaHHbIX B BEreTaLMOHHOM OMbITe Kak CKOpOCMesble 1 ClabouyBCTBUTENbHbIE
K poToneproay, npoucxofat n3s bpasunum (66 %), Takxke 6binn obpasubl ns CLA, MopTyranuu, Typumu, Konyméun n
ABcTpanun. bonblwas YacTb N3yYeHHbIX POCCUNCKNX COPTOB (77 %) oKasanacb YyBCTBUTENIbHOM K KOPOTKOMY ¢$OTO-
nepuopy. Cpean JOHOPOB C Pa3NUYHON GOTONEPNOANYECKON YyBCTBUTENIbHOCTbIO C1aboYyBCTBUTENbHBIMUA K $OTO-
nepwuopy 6biin Ckopocnenbii 1 n CKopocnenbii 2, a cpefHeyvyBCTBUTENbHBIMU — CpepHecnenbiit 1 n CpeaHecnenbin 2.
B pe3ynbTaTe MHOrOMIETHErO MNOSIEBOIO U BEreTaLMOHHOIO U3yUYeHNsA reHeTUYecKoro pasHoobpasrsa o6pasLoB 13 Kon-
nekuuu B/P BbleneHbl reHOTHMbl CO CKOPOCNENOCTbio U caboi GoToneprnoanyeckor YyBCTBUTENbHOCTBIO, MPeACTaB-
nALme 0cobyo cenekUMOHHYIO LIEHHOCTb, KOTOPble B HACTOALLEE BPeMA BOBNEKAIOTCA B MPOLIECC CO3faHNA HOBbIX
CKOpOCNenbiX MPOAYKTUBHbIX COPTOB OBCa.

KnioueBble cioBa: 0BEC; CKOPOCMENOCTb; AOHOPbI; poToNeproaMYecKasn YyBCTBUTENIbHOCTb; GOTONEPUOA.

Introduction

The most important factors affecting the duration of a plant’s
growing season, especially its first half, are the daylight length
and the temperature regime. The research on photoperiodism,
started in the early 20th century, made it possible to understand

© Loskutov I.G., Koshkin V.A., Matvienko L.I., Blinova E.V., Kosareva .A., 2019

and study in more detail mechanisms of the development of
many crops (Garner, Allard, 1920, 1923; Gilbert, 1926).
Since the beginning of the 1920s, the effect of environmen-
tal factors on the growth and development of various plant spe-
cies has been actively investigated. On N.I. Vavilov’s initia-
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tive, such research was conducted under the leadership of
N.A. Maksimov, a well-known plant physiologist. Having
analyzed literary sources and the intraspecific diversity of a
number of crops, N.A. Maksimov (1929) made a conclusion
about the effect of the daylight duration and temperature re-
gime on the time between germination and flowering and the
length of the whole growing season. N.I. Vavilov’s geographic
experiments (1928) confirmed the role of photoperiod in plant
development. Afterwards, V.I. Razumov, Maksimov’s disciple
and follower, examining the intraspecific diversity of crops
maintained in VIR’s collection, identified plant species with
strong and weak responses to daylength. He also noticed that
their response to daylength was not always associated with
their geographic origin and could be affected by definite
growth conditions (Razumov, 1961).

By that time, it had been ascertained that a majority of cereal
crops were long-day plants that needed a definite temperature
regime, prolonged day and short night to reach the flowering
phase (Wiggans, Frey, 1955). It was also shown that daylength
and vernalization were two most important factors affecting
the flowering process and, thereby, the yield formation (Sor-
rells, Simmons, 1992; Summerfield et al., 1997).

Some researchers have noted the effect of daylength on
the passing of individual phases in oat development (Rodio-
nova et al., 1994). Studying photoperiodic responses on a
broad sample of common oar cultivars has helped to identify
accessions highly responsive to the daylight duration and
temperature regime as well as weakly responsive ones, the
latter being recommended to breeders as sources of earliness
(Merezhko, 1980; Rodionova et al., 1985; Merezhko, Ivanova,
1989; Ivanova et al., 1990; Koshkin et al., 2003, 2010).

For most of wild oat species, initial phases of their de-
velopment have peculiarities in terms of their responses to
environmental factors, including photoperiod and temperature
(Paterson et al., 1976). A study of the ontogenesis of wild
Avena L. species under long-day and short-day conditions
showed that after 40 days of vernalization weak photoperiodic
responses were typical for a number of accessions of diploid
and tetraploid species, while various accessions of diploid,
tetraploid and hexaploid oat species demonstrated a strong
photoperiodic response (Loskutov, 2001). The most interesting
among those accessions were early spring genotypes weakly
responsive to daylength, originated from the Canary Islands
(Spain), Corsica (France), Crete (Greece), Turkey, Tunisia, Le-
banon and Ethiopia. All of them may potentially serve as
source material for breeding early oat cultivars (Loskutov,
2007; Loskutov, Rines, 2011).

While studying cultivated oat species, a unique accession
with a weak response to photoperiod was identified: a local
cultivar from Turkey (CAV 2700) (Sampson, Burrows, 1972).
On its basis a number of oat cultivars weakly responsive to
photoperiod have been developed in Canada (Burrows, 1984,
1990, 1992). Low photoperiodic sensitivity was also described
for accessions representing the endemic cultivated tetraploid
species from Ethiopia A. abyssinica (Razumov, 1961; Arias,
Frey, 1973).

For the Dil gene responsible for the effect of photoperiod
in oats, two markers were identified using the RAPD analysis
(Wight et al., 1994). Those molecular markers have been used
to identify the dominant allele of Di/ in oat breeding lines.
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In Brazil, oat lines were studied using molecular markers
(AFLP) associated with the flowering time; besides, their loca-
tion on the genetic map was compared with other loci that may
also affect the time of flowering. Those results were used for
the development of oat breeding lines with an optimal set of
alleles, providing earliness in the short-day environments of
the southern hemisphere (Locatelli et al., 2006). The flowering
time is an important factor in oat’s adaptation to growth condi-
tions. Genotypes differing in their responses to photoperiod
and vernalization may prove useful when selecting parent
pairs for the development of new cultivars, which would
make use of the duration of the growing season with more
efficiency (Locatelli et al., 2008). Some oat cultivars require
low temperatures (vernalization) for flowering initiation. To
analyze this factor, genes associated with oat vernalization
were cloned in oat cultivars, and markers (QTL) connected
with the response to vernalization were identified (Nava et
al., 2012). In addition, the quantitative trait loci (QTL) con-
trolling flowering periods in oats under varying durations of
photoperiod and vernalization were mapped (Holland et al.,
1997, 2002).

Analyzing responses to photoperiod and vernalization is
of high practical importance, because these traits are closely
linked with the growing season duration. At the same time,
these factors may produce an effect on individual stages of
plant development, especially on the durations of the periods
between germination and booting and between germination
and heading. It should be taken into account when definite
accessions are used as source material for breeding (Koshkin
et al., 2003, 2009, 2013).

The objective of this work has been to characterize a large
number of accessions from the oat collection according to
their photoperiodic responses and identify truly earliness
source material with a weak response to photoperiod for
further use in breeding programs in various regions of the
Russian Federation.

Materials and methods

The experiments to assess photoperiodic responses were
performed at the vegetation and photoperiod facilities of
VIR’s Department of Physiology on the grounds of Pushkin
Laboratories of VIR in 2011-2018.

The material for the present research were 139 accessions
of oats from the global collection of plant genetic resources
held by the Vavilov Institute (VIR), which included landraces,
breeding cultivars and lines from Russia, Ukraine, Norway,
Slovakia, Germany, Turkey, Algeria, Portugal, Italy, China,
Japan, Ethiopia, Canada, the USA, Mexico, Ecuador, Colom-
bia, Peru, Brazil and Australia. The cultivar Privet (k-14787,
Moscow Province) was used as the reference.

Also studied were the donors of low sensitivity to photope-
riod developed on the basis of crosses between two references
in the vegetation experiment: the Mexican cv. Chihuahua
(k-12230, Mexico) with a weak response to photoperiod and
the local cv. Anatolischer (k-14668, Turkey) with a strong re-
sponse. The vegetation experiment under short-day conditions
resulted in selecting early oat lines weakly responsive to pho-
toperiod (k-15547, Skorospely 1, and k-15548, Skorospely 2),
lines with medium photoperiodic response (k-15549, Sredne-
spely 1, k-15550, Srednespely 2), and a late line with a strong

BaBunosckuii XypHan reHeTuku u cenekuyum / Vavilov Journal of Genetics and Breeding - 2019+ 23 - 6



W.I. NNockyToB, B.A. KowkuH, N.1. MaTBreHko
E.B. BnnHoBa, U.A. Kocapesa

response to photoperiod (k-15551, Pozdnespely). The early
cultivar Chihuahua (k-12230, Mexico) and the late cultivar
Anatolischer (k-14668, Turkey) were used as the references
for this vegetation experiment.

Preliminary field screening of the oat collection for earli-
ness was performed using the VIR technique (Loskutov et al.,
2012). In the vegetation experiment, the plants were grown
according to the method described by V.A. Koshkin et al.
(2013). Phenotypic description was made as follows: the date
of heading was recorded for each plant after the emergence
of a half of the panicle from the flag leaf sheath, the stems
were labeled with paper tags, and the duration of the germina-
tion—heading period was calculated.

Photoperiodic response (PPR) was assessed according to the
extent of heading delay under short day (SD) (T,) compared
with long day (LD) (T,), and the PPR coefficient (Cppy) Was
calculated using the formula Cppp = T,/T,, where T, and T,
are the durations of the germination—heading period (days)
observed in oat plants, respectively grown under natural long-
day (17-18 hrs) and short-day (12 hrs) conditions. Oat acces-
sions delaying their heading under SD by 1-20 days versus
LD and having Cppp = 1.00-1.30 were classified as weakly
responsive to photoperiod (Koshkin et al., 1994). Accessions
with Cppp > 1.75 were attributed to the category of strongly
responsive cultivars. Mean errors were measured according
to B.A. Dospekhov (1979).

Results

According to the data of the preliminary field screening
(2010-2017) in the environments of Pushkin Laboratories of
VIR (Town of Pushkin), all accessions demonstrated short-
ened germination—heading and germination—ripening periods
by 8-15 days in all years of study, compared with cv. Privet
that served as the reference in the field experiment, but under
short-day conditions in the photoperiod facility they showed
considerable differences in their heading time.

During the analysis of oat accessions for their photoperiodic
responses in the vegetation experiment, the references showed
the following results: the early Mexican cultivar Chihuahua in
all years of study demonstrated a delay in heading under SD
versus LD by 8.1 (5.8-9.3) days, and Cpp = 1.21 (1.17-1.26),
while the late Turkish local cultivar Anatolischer had a delay in
heading by 35.8 (28.3—49.5) days and Cppp = 1.79 (1.61-2.23).

All accessions of various origin involved in our research
demonstrated under LD earlier heading than under SD. The
photoperiodic response coefficient (Cppp) varied in the studied
sample of oat accessions from 1.02 to 2.23, while the heading
delay under SD versus LD averaged from 0.7 to 49.5 days
(Table 1, Figs. 1, 2).

The results for many years of study showed that the fol-
lowing accessions were highly responsive to photoperiod:
k-15357, GN 08207, k-15361, GN 09146, k-15361, GN 09146
(Norway), k-15369, St. Aleixo (Portugal), k-15226, MF 9521-
462,k-15258,PA7836-2701 (USA), k-12235, Desnuda (Peru),
and k-15031, Portuguesa (Brazil).

Early accessions with weak responses to photoperiod,
selected in the field experiment and identified during many
years of the vegetation experiment, are presented in Table 2.
Most of them originated from Brazil: these are cultivars (URS
Corona, URS Guara, URS Penca, URS Guana, URS Charrua,
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Table 1. Distribution of the studied oat accessions
by country of origin (Pushkin, 2011-2018)

Number of Mean
unresponsive  Cppg
accessions

Number of
accessions
studied

Origin Dispersion

of Cppg

40

30

20

0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50

Fig. 1. Distribution of paniculation delay with short daylight vs. long
daylight in spring oat varieties studied (Pushkin, 2011-2018).

URS Guria, URS Brava, etc.) and breeding lines (UPF 77S090,
UPF 798369-1-2, UFRGS1061503, UFRGS 20, UFRGS
077026-2, UFRGS 086004-1, etc.). Four accessions were from
the United States: Common, breeding line C.I. 4627 from Mis-
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Table 2. Characterization of oat accessions with weak response to photoperiod according to their PPR level (Pushkin, 2011-2018)

VIR catalog No. Name Origin Germination to heading, days T,-T, Copr
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Table 2. (End)
VIR catalog No. Name Origin Germination to heading, days T,-T, Copr
T,
15678 UFRGS 086004-1 Brazil 356+1.12 42.1+0.87 6.5 1.18
15681 UFRGS 086092-2 Brazil 354+1.30 42.6+1.41 7.2 1.20
15682 UFRGS 086136-5 Brazil 40.3+2.05 41.0+0.62 0.7 1.02
15683 UFRGS 086183-2 Brazil 33.4+0.38 41.6+0.58 8.2 1.25
8271 Gidgee Australia 31.3+0.30 37.6+043 6.3 1.20
15173 Mitika Australia 38.4+0.68 46.4+0.40 8.0 1.21
35~
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Fig. 2. Sensitive and insensitive oat accessions with regard to their geographic origin (Pushkin, 2011-2018).
Table 3. Characterization of oat donors with various photoperiodic responses according to their Cppg
(Pushkin, 2016-2018)
VIR catalog No. Name Origin Germination to heading, days T,-T, Copr

souri, etc., and the other accessions originated from Portugal,
Turkey, Colombia and Australia.

Most of the accessions characterized in the vegetation ex-
periment as early and weakly responsive to photoperiod came
from Brazil (66 %). A majority of the tested Russian cultivars
(77 %) appeared responsive to short-day photoperiod.

BNONOTNA PA3BUTUA PACTEHWI / DEVELOPMENTAL BIOLOGY OF PLANTS

In addition to the accessions from the oat collection, in
20162018 a set of donors with various photoperiodic re-
sponses were examined (Table 3): two lines weakly responsive
to photoperiod, Skorospely 1 and Skorospely 2, which had on
average a minor delay under SD (8.4 and 11.3) versus LD and
low Cppg =1.22, 1.30, whereas lines with medium response to
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photoperiod, Srednespely 1 and Srednespely 2, considerably
delayed their development under short-day conditions and
had higher C,z = 1.46 and 1.56. The highest Cpp = 1.65
was observed in the late line Pozdnespely.

Conclusion

Early oat accessions from the VIR global collection, screened
in the field, showed greater diversity in their responses to
photoperiod when tested in the vegetation experiment in
the photoperiod facility. The early cultivars with weak re-
sponses to photoperiod, identified in the course of the present
study, and the developed donors are of special importance for
breeders, and are presently being involved in breeding pro-
grams in order to develop new earliness and high-yielding
oat cultivars.
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Variability of the photoperiod response in guar
(Cyamopsis tetragonoloba (L.) Taub.) genotypes
of different geographic origin
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The introduction of the new legume crop guar is of great practical importance for Russia, since it serves as a source
of valuable vegetable raw material, guar gum, used for the food, gas and oil industry. The main problem with guar
cultivation in the southern regions of the Russian Federation is that this plant should be grown under a short photo-
period. Prolonged daylight exposure is an obstacle to the timely transition of guar to flowering, which dramatically
affects its productivity. In the study, 192 guar genotypes from the VIR collection were tested for the speed of transi-
tion to flowering on an extremely long photoperiod (18.2-18.9 h) in the greenhouse of the Pushkin experimental
station of VIR (St. Petersburg). At the same time, the earliness of maturation of the same genotypes was estimated
under the field conditions in the Kuban experimental station of VIR (Krasnodar area). Among the samples tested,
genotypes with weak photoperiodic sensitivity (which were also early maturated under the conditions of Krasno-
dar), as well as the highly photoperiod-sensitive genotypes were identified. It has been established that for the
same guar plant the critical photoperiod initiating the formation of buds may not coincide with the critical photo-
period required for their flushing (i. e. flowering per se). The observed fact confirms the hypothesis reported earlier
about a two-stage launch of the flowering program in guar, according to which budding and flowering itself are
controlled by independent gene systems. According to our results, the successful breeding of early mature guar
varieties ultimately depends on the first gene system that controls the initiation of budding in response to a critical
photoperiod. We suggest that another hypothetical gene system can influence the dates of guar flowering, which
determines the speed of vegetative development of a specific genotype, measured as the number of days from
germination to the appearance of the first true leaf. Thus, sensitivity to photoperiod in guar is only one of several
factors that determine the speed of a plant’s transition to flowering, and it should not be assessed on the basis of
the length of the period from germination to flowering, which is common in breeding practice. The results of the
study show that, although the photoperiod sensitivity of guar limits the range of geographic latitudes in which the
legume crop can be successfully grown, there is a real opportunity to overcome this limitation by selecting and
propagating photoperiod-insensitive genotypes from the enormous genetic diversity of this species.

Key words: Cyamopsis tetragonoloba (L.) Taub.; guar; photoperiod; bud formation; initiation of flowering.
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AMIUINTYAA U3MEHUYMBOCTU (POTOMEPMOANUECKOI peaKIun
reHOTUIIOB ryapa (Cyamopsis tetragonoloba (L.) Taub.)
pPa3HOro reorpa@uueckoro IIpouCXOXaeHNsI
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NHTpoayKuma HoBo 6060BOI KynbTypbl ryap Ha Tepputopuio Poccuiickon ®egepauum nmeet 6onbLuoe nNpakTu-
yeckoe 3HauyeHue, Tak Kak obecrneumBaeT MMMOPTO3aMeLLeHMe ryapoBOl Kamean — PacTUTENIbHOTO CbiPbA, UC-
nosib3yeMoro AnA uenei nvieBor, ra3o- u HedpTefobbiBatoLwelr NpombluneHHocTn. OcHOBHaA npobnema npu
BO3[eNbIBaHUN Fyapa B I0XKHbIX permoHax PO — noTpebHOCTb KynbTypbl B KOPOTKOM doTonepuoge. YBennyeHHas
NPOAOCTIKNTENBHOCTb CBETOBOIO {HA NPENATCTBYET CBOEBPEMEHHOMY MNepexoay ryapa K LBETEHMIO, UTO Pe3KO CKa-
3blBaeTCA Ha ero NpPoAyKTMBHOCTW. B npoBeneHHOM uccnefoBaHuny 192 reHoTvna ryapa v3 konnekuun BUP mc-
MNbITbIBAJINCb HAa CKOPOCTb Mepexofa K LIBETEHMIO Ha IKCTPEMAsIbHO AJIMHHOM AfA Ky/bTypbl ryapa ¢poTtonepuroge
(18.2-18.9 u) B ycnosuaAx Tennuubl MywkrnHckoro dpunvana BUP (CaHkT-MeTepbypr). MapannenbHo oueHrBanach
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AMNANTYAa N3MEHUYMBOCTM
doTonepronmyeckol peakLmm reHoTUMNoB ryapa

CKOPOCMENoCTb 3TUX »Ke reHOTUMOB B yCnoBusAX nons KybaHckoro ¢unuana BUP (KpacHogapckuii kpai). Cpegu
UCMbITyeMO BbIGOPKHM OblIN BbIABMEHbI Kak reHOTUMbI CO cnaboli GoTonepuoamnyYeckor YyBCTBUTENIbHOCTbIO (OHM
e 1 6onee ckopocnenbie B ycnosuax KpacHofapcKoro Kpas), Tak 1 CUbHO YyBCTBUTENbHbIE K doTonepuoay. ycta-
HOBJEHO, YTO Yy OJHOIO M TOTO e PacTeHWsA ryapa noporosblii GoToneprog, MHUUMmpYyowmii obpasosaHue HyTo-
HOB, MOXET He coBnafaTb C KPUTUYECKUM GOoTOoNeprofoM, HEOOXOANMBIM AJSIA UX pacnycKkaHMA (COOCTBEHHO LiBe-
TeHun). Habniopaembiii GakT NoATBEPKAAET BbIABMHYTYIO PaHee ruroTesy o [BYCTYNeHYaToM 3anycKe nporpamMmbl
LBETEHUA Y Fyapa, COrMacHO KOTOpol By TOHM3aLMA 1 COOCTBEHHO LIBETEHNE KOHTPONUPYIOTCA HE3aBUCUMbIMU FeH-
HbIMK cucTemamu. Mo pesynbTaTam SKCNEePYMEHTOB, B YCMELLHON CenekLymn ryapa Ha CKOPOCMeNioCTb peLLatoLLyto
ponb Urpaet MMeHHO MNepBas reHHaa cMcTemMa, KOHTPONIMPYIOLAA 3amyck 6yTOHM3aLUMM B OTBET Ha KPUTUYECKUIA
¢doTtonepuoa. Ha oTcpouky AaTbl Hayana LBETEHUA Y ryapa MOXeT BVATb elle OAHa rmnoTeTnyeckas reHHasa cucTe-
Ma, KoTopas onpeaenseT CKOPOCTb BereTaTVBHOrO Pa3BUTUA KOHKPETHOrO reHoTUNa, n3MepaemMyio Kak Konumye-
CTBO [iHel OT BCXOAOB A0 NOABMEHNA NEePBOro HaCTOALLEro IMCTA, U He 3aBUCUT oT poTonepunopa. Takum obpasom,
doTonepuroanyeckan YyBCTBUTENbHOCTb Y ryapa ABNAETCA NNLb OAHUM 13 GaKTOPOB, ONpeaenatoWmx CKOpoCTb
nepexopa pacTeHus K LIBETEHUIO, U ee He c/iepyeT OLeHrBaTh MO NPU3HAKY «BCXOAbI-LIBETEHMEY, PaCNpPOCTPaHeH-
HOMY B pacTeHMEBOAUYECKO NpaKTuKe. Pe3ynbTaThl NpOBEAEHHOMO NCC/IEA0BaHMA NOKa3bIBaOT, UTo, XOTA doTone-
puoanyeckan YyBCTBUTENbHOCTb Fyapa OrpaHWuMBaeT nana3oH reorpadpuryeckimx WMpoT, B KOTOPOM 3Ta Ky/bTypa
MOXET yCMeLIHO BblpalMBaTbCA, €CTb peasibHas BO3MOXHOCTb MPEOAoNeTb yKazaHHOe orpaHuyeHune, oTompas u
pa3mMHOXasA COOTBETCTBYIOLME reHOTUMbI U3 UMEIOLLETrOCA OFPOMHOTO FEHETUYECKOTO Pa3HOO6pa3unaA KynbTypbl.

KnioueBble cnosa: Cyamopsis tetragonoloba (L.) Taub.; ryap; doTtoneprogunueckas yyBCTBUTENbHOCTb; CPOKM By TO-
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Introduction

Guar (Cyamopsis tetragonoloba (L.) Taub.) is an annual le-
gume plant, traditionally cultivated in India and Pakistan as a
fodder and vegetable crop, and also used as a green fertilizer
(Kuravadi et al., 2012). The increased attention to guar all
over the world in recent years is due to the high content of
galactomannan polysaccharide reserved in guar seeds. Galac-
tomannans quickly hydrate in cold water at low concentra-
tions, forming a viscous colloidal solution — guar gum, which
is used as a thickener and stabilizer in the food, textile, gas
and oil industries. It was reported that various sectors of the
Russian economy demand each year at least 15 thousand tons
of guar gum, which is currently being covered exclusively by
imports. Thus, the introduction of guar as the new legume crop
to the southern regions of Russian Federation and breeding of
new guar varieties adopted to new ecological conditions is a
relevant and popular topic (Startsev et al., 2017).

Although the ecological optimum of guar perfectly matches
to the conditions of the semi-arid climatic zone of the north-
west of India (~27° N), several attempts have been made to
introduce this crop into higher latitudes: in the southern states
of the USA — Texas (~29° N), Arizona (~34° N), Oklahoma
(~35° N) (Lubbers, 1987), in southern Italy (~39° N) (Gresta
etal., 2018). The main complication for successful guar culti-
vation in the countries of the higher latitudes is the prolonged
vegetation period of plants causing harvesting delay before
the onset of autumn rains, which negatively affects the yield.
For example, the comparative study of the length of the veg-
etation of 68 guar genotypes of different geographical origin
(India, Pakistan, USA, Australia) in conditions of southern
Italy showed that this trait ranged from 155-163 days for
the earliest maturing varieties, up to 175-184 days for the
late-maturing genotypes. Under these conditions, the guar
plants completed their vegetation from mid-October to early
November. Therefore, it was concluded that early maturity
is a key breeding trait for this crop when cultivated in the
Mediterranean region (Gresta et al., 2018).
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The length of vegetation period and, consequently, matura-
tion rate, is predominantly determined by the photoperiodic
sensitivity (PPS) of a plant. Guar is a short-day plant (Lubbers,
1987). The length of the daylight during the growing season in
Jodhpur province (India), where this crop is widely cultivated,
varies from 12.7 to 13.8 h. In the Krasnodar region of Russia,
where many attempts are made to introduce guar, the length
of daylight in May—June is 14.3—15.6 h. Meanwhile, the criti-
cal photoperiod for different guar varieties was reported as
12—13 h for earliest genotypes or 13—15 h for the late maturing
ones. Under conditions of the prolonged photoperiod plants
start flowering with a strong delay, although it has been found
that some genotypes are almost insensitive to the photoperiod
(Lubbers, 1987). Selection of the genotypes with weak PPS
from the large intraspecific genetic diversity of guar may solve
the problem of successful introduction of guar in temperate
latitudes, as it was done for soybean (Glycine max (L.) Mer-
rill). The selected soya genotypes with the weak PPS allowed
to expand the area of the short-day legume crop cultivation
from the tropics to the 50th parallel of the northern latitude
(Watanabe et al., 2012).

To date, 115 viable seed accessions of different geographic
origin are maintained at the VIR guar germplasm collection.
The representativeness of the genetic diversity is comparable
with the collections of the USA and India. The most accessions
came from India, there are 4 accessions from Pakistan, 6 from
Australia, 4 from the USA, 1 accession was obtained from
the UK. The collection contains both breeding varieties and
local landraces cultivated by farmers in India. The collection
includes guar varieties of vegetable, fodder and grain use.
15 accessions of the guar collection represent the new breed-
ing varieties and lines developed in recent years in Russia to
solve the problem of import substitution of guar gum used in
oil and gas industry.

Having available the collection of guar genetic resources,
we investigated the variability of the photoperiodic reaction
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of genotypes of different geographical origin, growing them
on a provokingly long photoperiod. The aim was to get an
idea about the range of variability of their speed of develop-
ment and timing of the transition to flowering on the long
day conditions.

Material and methods

We examined 192 guar genotypes that have been selected
during our preliminary study of the guar genetic resources
collection in 2017 at the Kuban branch of VIR (Krasnodar
region, South of Russia, 45°02'55" N). The genotypes were
selected on the basis of the most contrasting manifestation
of morphological characters (days to flowering, days to first
mature pod, plant height, number of basal shoots, resistance
to diseases), as well as their geographical origin. In this
representation mostly the local varieties from India as well
as known cultivars from USA (Kinman, Lewis, Santa Cruz)
were presented. In 2017 the selected 192 plants were marked
with labels, and seeds from each of the plants were collected
individually. Half of the seeds of the offspring of each plant
was used for a field experiment of the following year (2018)
at the Kuban branch of VIR, other half of the offspring of
the same plants was used for the vegetation experiment in
the conditions of the greenhouse of Pushkin branch of VIR
(St. Petersburg region, 59°53'39" N).

As previously reported, the provocative long photoperiod
causes the wider amplitude of variability in the photoperiod
response among the guar genotypes studied (Lubbers, 1987).
Thus, it becomes more likely to divide the studied population
into groups that differ in their photoperiod sensitivity. In our
experiments, the speed of transition to flowering of 192 guar
lines was evaluated under greenhouse conditions at the
Pushkin branch of VIR in natural daylight, corresponding
to the St. Petersburg latitude. During the experiment the
photoperiod decreased gradually from 18.2 to 18.9 h (May—
June) with an average daytime temperature of +27 °C and a
night temperature of +18.0 °C. Each of the 192 guar lines was
sown in replications: two blocks with 4 plants in each (a total
of 8 plants per line). For all the plants the date of appearance
of seedlings (germination), the date of appearance of the first
true leaf, the date of appearance of the first floral bud and the
date of the first floral bud opening (the date of the flowering
per se) were recorded individually.

With the replications available, for the date of appearance
of'the first true leaf the broad sense heritability coefficient (h?)
was calculated with Statistica 12 package using ANOVA as
suggested by See et al. (2002):

5 (entry MS — error MS)/r
~ error MS + (entry MS — error MS)/r’

where r —number of replications, entry MS —Mean of Squares
explained by a genotype.

At the Kuban branch of VIR the seeds of the same
192 lines were sown in rows of 2 m and 50 seeds per each
line. At the end of the growing season (147 days after the
sowing date) 10 plants were selected per each line, for them
the total number of pods per plant and the percentage of
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mature pods among them were calculated. The percentage of
mature pods was considered as a “maturity index” estimated
for each line.

Results

192 guar lines were sown under greenhouse conditions at the
Pushkin branch of VIR in May 2018 at the daylight length
of 18.2 h, and simultaneously sown in the field at the Kuban
branch of VIR at the daylight length of 15.4 h. Only a few
plants in the experiment at the Pushkin branch developed
inferior pods that did not contain a single mature seed. A
good-quality seed reproduction was obtained from all the
plants grown under the conditions of the Kuban branch of
VIR in Krasnodar region.

14 out of 192 lines at the Pushkin branch of VIR were ex-
cluded from the experiment because of a strong infection by
Fusarium pathogen at the seedling stage. 12 of the remaining
178 lines of guar under the conditions of a long photoperiod
did not go over to the generative stage, without even forming
floral buds. The remaining 166 lines were represented in the
experiment by 664 plants, the number of plants per line varied
from 2 to 8 (due to the partial death of seedlings), an average
of 4 plants per line.

In earlier studies, it was noted that the photoperiodic
response of guar should not be assessed by the length of
the period from germination to the appearance of the first
flower. Photoperiodic sensitivity is only one of the factors
that determine the speed of a plant’s transition to flowering.
For example, it was shown that the date of appearance of the
first true leaf in guar significantly varies between genotypes.
This trait affects the time of the appearance of the floral buds
in different genotypes, and is not related to their PPS (Lub-
bers, 1987).

It was also established that genetic control of the transi-
tion to the generative phase in guar is carried out by two
independent gene systems. The first gene system initiates the
floral bud formation in response to a critical photoperiod, the
second one determines the floral bud-opening when the cor-
responding critical photoperiod is achieved. These two phases
of guar development determine how fast a plant goes through
the stage of flowering, setting up the pods, maturing of seeds
and the end of the vegetation (Lubbers,1987).

Considering the previously published reports, we separately
analyzed the variability of three components of the composite
trait “days from germination to flowering”, which may poten-
tially affect the early maturity of guar genotypes. In particular,
the duration of three periods was investigated: (1) days from
seedlings to first true leaf; (2) days from first true leaf to first
floral bud; (3) days from first floral bud to first flower (floral
bud-opening).

The variability of the trait

“days from seedlings to first true leaf”

For the most of lines studied, the number of days from seed
germination to the first true leaf varied from 4 to 14 (Fig. 1).
A few plants were found that developed the first leaf 28—
32 days after seed germination, and then they successfully
switched to the generative phase of formation floral buds and
flowers. For lines that were represented in the experiment by
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at least three plants, the effect of genotype on the variability
of the analyzed trait was estimated by ANOVA, and turned
out to be highly significant (p < 10°¢) (Table 1).

An attempt was also made to calculate the proportion of
variability of this trait explained by genetic factors (heritabil-
ity in a broad sense), using ANOVA (See et al., 2002). The
calculated coefficient of heritability in the broad sense (h?)
was 0.46, thus, the variability of the length of period from
seedlings appearance to first true leaf in guar is almost half
determined by the genotype.

Variability of “days from first true leaf to first floral bud”
and “days from first floral bud to first flower”

The experiment with guar growing in the greenhouse of the
Pushkin branch of VIR was conducted from May to October
with a photoperiod natural to the latitude of St. Petersburg.
The experiment allowed us to observe the reaction of differ-
ent genotypes of the short-day legume crop to a gradually
decreasing length of daylight: from the maximum (~19 h) on
the day of the summer solstice, to a relatively short (11 h) in
the first decade of October. Since each guar genotype in the
experiment required a certain critical photoperiod that trig-
gers the transition to the generative phase, as the length of
the light day shrank, the lines one by one passed to flowering
as soon as the photoperiod reached a certain threshold level.
This allowed us to divide all the plants into groups with the
same PPS. Thus, according to the dates of transition to the
stage of floral bud formation, the guar plants were divided
into “early” and “late”, which formed the first floral bud with
a day length of 17—18 and 12—13 h, respectively. At the same
time, an intermediate group of plants was defined, in which
the transition to floral bud formation was recorded at the 15-
hour light day.

Since for all plants in the experiment, not only the date
of the appearance of the first floral bud, but also the date of
its opening (flowering) was recorded individually, some es-
sential observations were made. Among the genetic diversity
of the guar there were (i) genotypes that passed from floral
bud formation to floral bud opening without delay (within
8 days); (ii) genotypes with delayed floral bud-opening. For
those, from the moment a floral bud formation to first flower
passed an average of 35 days, and in some cases, flowering
did not occur even after 75 days.

Another important fact was recorded: on the long photope-
riod, plants could have an equally short time interval between
the first leaf and first floral bud (possible due to weak PPS),
but at the same time, they differed greatly in the length of the
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Fig. 1. The variability of the number of days from seedlings to first true leaf
among the representation of guar genotypes of different geographical
origin from the VIR collection.

period “seedlings — first true leaf” which significantly affected
their flowering (first floral bud-opening) calendar date, as
such. Thus, due to the delay of the vegetative development
phase, plants can lately go over to floral bud formation, and,
as a result, can be mistakenly classified as highly sensitive
to photoperiod.

650 plants that have successfully switched to the genera-
tive phase under conditions of an extremely long photoperiod
are arranged in Fig. 2 in order of increasing the time interval
between the appearance of the first true leaf and the formation
of the first floral bud. This time interval was considered in our
experiment as the most accurate indicator of PPS. At the same
time, for all plants in Fig. 2 days from seedlings to first true
leaf and days from first floral bud to first flower are shown.
Such a ranking made it possible to conditionally divide the
entire sample into five groups.

The guar genotypes of the group 1 with the weakest PPS
pass without delay to the formation of floral buds at a pho-
toperiod of 18.6 h. They can be called “early” since: (i) only
34 days pass from the first leaf to first floral bud (Table 2);
(i1) floral bud opening begins shortly after floral bud forma-
tion — on average, after 8 days. This means that an almost
identical critical photoperiod is needed to trigger the floral
bud formation and the floral bud opening.

The group 2 included “almost early” genotypes, which
proceeded to the formation of floral buds when a daylight

Table 1. Results of analysis of variance (ANOVA) of the number of days from seedlings

to first true leaf among the sample of guar genotypes

Effect SS df

Intercept ........................................ 64342871 .........................
GenOtype(aguarlme) ................. 642210134 ....................
Err Or ............................................... 6445 3 7 ......................... 478 ....................

BNONOTNA PA3BUTUA PACTEHWI / DEVELOPMENTAL BIOLOGY OF PLANTS

MS F p-value
............ 64342874771782<00m
............ 47933554<0001
1348 ....................................................................................................
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Fig. 2. The distribution of guar plants in groups No. 1-5, depending on the duration of the developmental stages and sensitivity to photoperiod.

The dotted line shows the boundaries of the groups (average photoperiod values (h) are given for each group). The time interval from seedling appearance to first
true leaf is marked in green for each plant, the period from the first true leaf to bud formation is marked in gray, floral bud formation to floral bud opening - in red.

Table 2. Description of the speed of development and the critical photoperiod required
to trigger floral bud formation and floral bud opening for guar lines with different photoperiod sensitivity

Groups  Floral bud formation Floral bud opening
of QUAE  cereniuniniststsiststsssssutsisiasasassssssstesstss sotssssssssssssosetstststststsssssssssssssssssssssssssssstststotsssststessassestotsssss toetotessassestototetss sesesessssssssssasasasssssssstttatsssasseststassssssasass
based  (cyitical photo-  Period “first true leaf —floral bud formation’, Critical photo-  Period “first floral bud - floral bud opening’,
on PPS period, h days period, h days
mean minimum maximum mean* minimum maximum
1 18.6 34+05 18 42 17.8 8+0.9 5 20
2 17.6 50+04 43 58 13.5 35+23 7 75/00™*
3 15.5 76+0.6 59 89 14.0 16+0.7 7 35/00™*
4 134 97+0.4 920 106 12.7 7+0.0 7 7
5 12.1 113+£0.5 107 120 <M 0o™* 0o** 0o**

*The mean was calculated only for the plants, that passed to flowering.
** 00 During the growing period no transition to flowering was recorded.

length did not exceed 17.6 h. A distinctive feature of this  of the photoperiod to 17.6 h, while the floral buds opened
group is the delayed opening of the floral buds. Most of the  only in 35-40 days, when the length of the day decreased to
plants formed their first floral buds in response to decreasing  12.6 h. Some plants of this group did not switch to flowering
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at all, having stopped at the stage of floral bud formation.
Nevertheless, the average time interval between the first
true leaf and the floral bud formation for these genotypes
was only 50 days.

Genotypes of the very heterogeneous group 3 formed their
first floral buds with a photoperiod of 15.5 h (approximately
76 days after the first leaf was appeared). The heterogeneity
of the group is explained by the fact that some of the plants
began to flower soon after budding (after 7-10 days), while
for another part of the plants a photoperiod of 15.5 h was suf-
ficient to form floral buds, but not for their opening. Thus, the
launch of the actual flowering occurred when the day length
was further reduced to 12 h. There were also some genotypes,
which formed floral buds at 15.5 h, but did not open them at all.

The group 4 of “late” genotypes was quite homogeneous,
the plants started budding when the day length reached
13.4 h, while the time interval between the first true leaf and
the floral bud formation for these “late” genotypes was, on
average, 97 days. The same length of the photoperiod seems
to be critical for triggering the floral bud opening. As a result,
almost all plants of this group opened their floral buds during
the week after the bud formation.

The group 5 of “very late” genotypes formed their floral
buds approximately 113 days after the first true leaf was deve-
loped, and the critical photoperiod for the floral bud formation
was 12.1 h. Actually, no floral bud opening was recorded for
most plants of this group.

Correlation of photoperiodic reaction

of guar lines in greenhouse with their earliness in the field
Guar lines, which photoperiod sensitivity was tested in green-
house conditions of the Pushkin branch of VIR with an
extremely long day, were also studied in field conditions of
Krasnodar region (at the Kuban branch of VIR). At the end of
the field season, that is, 147 days after the planting date, for
10 plants of each line the percentage of mature pods (“maturity
index”) was estimated. Since each line was assigned to one
of five groups that differed in the PPS (Table 2), we had the
opportunity to assess the significance of the difference in the
“maturity index” of guar lines with different photoperiodic
reactions.

Fig. 3 shows that the “late” and highly photoperiod sensitive
lines from 4th and 5th groups showed also the latest maturation
in the field conditions of the Krasnodar region. Nearly half of
the pods of such plants did not mature at the time of harvest-
ing. The probable reason for this can be the length of daylight
(12—13 h) that is critical for this group of genotypes to start
flowering (see Table 2). That threshold is not reached during
the guar vegetation period under conditions of the Krasnodar
area, where the daylight length in May—July is 14.3-15.4 h,
15.4-15.6 hand 14.7-15.6 h correspondingly (https://voshod-
solnca.ru). Other lines of the groups 1-3, which require a
photoperiod shorter than 15.5 h to go over to the generative
stage, started flowering in Krasnodar area at the end of June,
as soon as this length of daylight period is reached.

Discussion

To date, the only monograph by E.L. Lubbers (1987) is devoted
to a detailed description of characterization and inheritance of
photoperiodism in guar. It describes the results of experiments
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Fig. 3. Results of ANOVA showing significant difference in maturity index
of the guar genotypes grown at the Kuban branch of VIR depending on
their affiliation to the groups No. 1-5, registered at the Pushkin branch of
VIR according to their photoperiod sensitivity.

with 330 guar genotypes, conducted in 1982—-1983 in five
geographical locations of the US (Arizona, Kansas and Texas),
as well as the results of the evaluation of six guar varieties at
different photoperiods under greenhouse conditions. It was
found that, depending on the genotype, the critical length of
daylight that triggers the transition to flowering in guar varies
from 12 to 15 h. It should be noted that of the six varieties
tested, one genotype was almost insensitive to the photoperiod,
successfully proceeding to the flowering phase at 12, 13, 14
and 15 h of daylight.

In the author’s experiments with crossings of guar geno-
types of the contrast PPS, the pattern of offspring segregation
indicated the presence of two genes controlling “days from
first true leaf to first floral bud” and two or three genes
determining “days from first floral bud to first flower” in
response to a certain photoperiod (Lubbers, 1987). Our results
support the hypothesis about two independent gene systems
that control the two stages of flowering in guar.

It can be assumed that in our experiment, the “early”” and
“late” lines of guar (groups 1-2 and 4-5 respectively, see
Table 2) had alternative alleles of the genes of the first gene
system responsible for the formation of floral buds in response
to establishing of a critical photoperiod. Due to alternative
alleles of the genes of the second gene system the groups 1
and 4 possibly switched to floral bud opening without regard
to the length of the daylight, while groups 2 and 5 did it only
in response to a certain critical photoperiod. Thus, it seems
likely that in guar the reception of the length of the daylight,
regulating the transition to flowering, occurs twice.

The combination of the alleles of these two gene systems
may explain the diversity of dates of onset and passage of the
generative phase observed among guar lines, when grown
under conditions that are extremal for the short-day plant.
For example, the plants of groups 1 and 4 were equally fast
opening their floral buds, but the difference in the dates of
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these floral buds’ formation in these two groups was almost
60 days. At the same time, as followed from the analysis of
variance presented in Fig. 3, the alleles of the genes that are
responsible for initiation of floral bud formation have a major
effect on early maturity.

Following Lubbers (1987), our observations of the vari-
ability of the period “seedlings — the first true leaf” indicate
that photoperiodic sensitivity is only one of the factors that
determine the speed of a plant’s transition to flowering. When
the photoperiodic sensitivity of guar is recorded as “days from
seedlings to first flower”, it might be masked by other unrelated
factors, e. g. by different rates of passage of the vegetative
development phases preceding flowering. In this regard, it is
necessary to record not only the calendar actual date of the
flowers appearance, but to take into account the date of the
first true leaf appearance.

The observations of Lubbers (1987), as well as our results,
confirm the idea that, although the photoperiodic reaction of
guar limits the range of geographic latitudes in which this
crop can be successfully grown, there is a real possibility
to overcome this limitation by selecting and reproducing
of nearly day-neutral genotypes from the existing genetic
diversity of this species. The good perspective of such an
approach of breeding a short-day legume crop adapted to
conditions of temperate latitudes is well illustrated by the
example of another short-day legume plant — soybean. Most
soybean varieties need a short day to initiate flowering, but
the successful breeding of genotypes with low sensitivity to
the photoperiod has made possible the large-scale promotion
of this crop to temperate latitudes (Watanabe et al., 2012).

There are many reasons for comparing the experience of the
introduction of soya and guar. Although the genus Cyamopsis
belongs to the tribe Indigofereae (Schrire, 2013), by the poly-
morphism of the chloroplast and mitochondrial genomes
guar and soybeans belong to the same monophyletic clade
on the phylogenetic tree of the subfamily Faboideae, along
with Phaseolus, Vigna, Dolichos and other short-day le-
gume crops (Cronk et al., 2006). A recent transcriptome
study of the structure of the coding part of guar genome
showed that Glycine max is the closely related species for
guar, demonstrating the maximum percentage 41.91 %
of homologous genes in these two species (Tanwar et al.,
2017).

At least ten genes/QTLs have been reported controlling the
transition to flowering and maturing for soybeans (Bernard,
1971; Cober et al., 2010; Kong et al., 2014; Kim et al., 2018).
However, the progress in the identification and cloning of
these genes is not obvious, which may be explained by the
large number of genetic factors required for the initiation of
the generative phase in legumes. The results of our research
indicate that the phenotyping of guar plants in order to identify
genetic loci that determine the speed of transition to flowering
should include an analysis of all components of the period
between date of the seedlings appearance and date of first
flower, since each of them can be controlled by an independent
gene system.

Conclusion

The transition to flowering in guar occurs in response to a
critical photoperiod. Furthermore, the floral bud formation
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may be triggered by the one certain length of daylight, but
flowering per se (bud opening) — by another. In addition, the
setting of floral buds also depends on genetic factors that de-
termine the rate of seed germination and the formation of the
first true leaf. In the VIR germplasm collection various guar
genotypes are found that are insensitive to the photoperiod,
both at the stage of formation of floral buds and at the bud
opening. Genotypes with the lower photoperiod sensitivity are
also early mature, showing the highest percentage of matured
seeds by harvesting.
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[lnA ycnewwHoro pa3BuTMA cenekumn nweHuubl B Poccun Heobxonmm reHeTnyeckn pasHoobpasHbI U XOPOLLIO OXa-
PaKTepU30BaHHbIV MCXOAHBI MaTepuaJl, B OCHOBHOM COXPaHAEMbI B KOMIeKLM BcepoccMnckoro MHCTUTYTa reHeTu-
Yyeckmx pecypcoB pacteHuin um. H.U. Basunosa (BUP). C uenbto nononHeHus Konnekumm 6bii1o n3yyeHo 36 obpasuos
CUHTeTUYeCKom rekcannongHou nwexmubl (CIM), co3gaHHbix B CIMMYT nyTem ckpewwmBaHua Triticum durum c Aegilops
tauschii. Hawe nccneposaHme 6bi10 HanpasieHo Ha n3yyeHune nuHui (o6pasuos) CITl no Komnnekcy mopdonorunye-
CKMX 1 XO3ANCTBEHHO LIeHHbIX NPU3HaKoB B ycnoBuax CeBepo-3anagHoro permoHa Poccum (30° B. 4., 59° C. L1.); OLeHKY
peakuun CIM Ha doTonepuop; onpeneneHre reHeTUYeCKol reteporeHHocT obpasuos CITl n cxoacTBa MeXAY HUMM
C UCMOSIb30BaHMEM IMMAAVHOB Kak G1IOXMMUYECKNX MapKepoB. Pe3ynbTaTbl MOKasasnu, YTo N3MEHUYMBOCTb PA3/INYHbIX
npusHakoB CITl yknagbiBaeTca B pamky popa Triticum, CITl1 MOXHO KnaccnduumpoBaTb Kak c1labo OKynbTypeHHble
dopmbl. Vix oTnnumutenbHas yepTa, LeHHasa Ana cenekumn niieHuLpbl, — Bbicokaa macca 1000 3epeH (go 60.6 r). 10T
NpU3HaK XapakTepr30Banca HU3KOWN CTeNeHbo N3MEHUMBOCTMN 1 claboi Koppenaumen C apyriMmn npusHakamu. Pe-
aKLUMA pacTeHni NWeHnLbl Ha NPOLOMXKNTENIbHOCTb CBETOBOIO [IHA UMEET peLuatoLee 3HayeHne ana nx nepexoga ot
BereTaTyBHOIO Pa3BUTKA K penpoayKTuBHoMy. iccnenoBaHHble CITI oTAnMyanycb oT MArKOW NLWeHWLbl 1 APYT OT Apyra
peakumen Ha KOPOTKUI AeHb U NPOAOCIKUTENIbHOCTLIO Gpa3bl BCXOAbI—KONOLEHME Ha ANUHHOM AHe. 3afiepKa pa3Bu-
TUA pacTeHNI B YCSIOBUAX KOPOTKOro poToneprofa coctanana ot 5.4 1o 53.8 fHA, Ha AIMHHOM iHE NMPOLOSIKUTESNb-
HOCTb ¢a3bl BCXOLbl-KOJOLIEHME BapbupoBana oT 39.5 ao 53.9 aHA. O6CyhaeTca BO3MOXHas reHeTnYecKas OCHOBa
BbIABNEHHbIX pa3nuunii. na oueHkn pazHoobpasmna CITI Hamu 1CNonb30BaHbl TakKe rraariHbl Kak MHGOPMaTVBHbIE
6uoxummnyeckme mapkepsl. lMokasaHo, uto 21 obpaseL; 6bi1 MOHOMOPPHBIM, OCTaNIbHbIE — FETEPOreHHbIMU. Y U3yyeH-
Hbix CI'T1 onpefeneHo 44 pasnnyHbix 6OTUMNA, U3 KOTOPbIX 36 ObINM YHUKaNbHbIMK. B3anmocBasn mexay 6notmnamm
NPOLEMOHCTPUPOBAHbI B KNacTepHoM aHanuse. CnefyeT otTMeTuTb, Uto 13 CITl 6binn HecTabunbHbIMI. Y KaXkAoro Ta-
Koro obpasLa HeKoTopble pacTeHNsA OTANYANNCL OT APYTMX KOMMIEKCOM MOPPONIOrnyecknx NpU3HaKkoB, peakumen Ha
dboTonepurog 1 cnekTpamu rragnHa. BoamoxxHo, HeCTabbHOCTb 06Pa3LIOB — pe3ynbTaT NepecTponkn reHoma y CITI.
O6pasupbl CIM1 1 BbllwenmBLUMecA U3 HUX GOPMbI PaCCMOTPEHbI B KauecTBe MCTOYHUKOB HOBOW FreHeTUYEeCKON N3MeH-
YMBOCTU ANA YNYYLLIEHWNA MATKOW MNLIEHNLbI.

KnioueBble cnoBa: MNweHNYHO-3rMIoNCHble ambuaNNIOVAbI; MONEeBOe M3yUYeHne; peakumsa Ha GoTonepurom; SNeKTpo-
dopeTnyecknii aHanu3 rmajiviHa; reHeTYeckoe pasHoobpasme; Knaccudrkauus; paclunpeHe reHodoHaa nieHnLbl.

Ana untupoBaHusa: Xaknumosa A.l., l'y6apesa H.K., KowkunH B.A., MutpodaHosa O.I1. [eHeTnyeckoe pa3Hoobpasue
1 ceneKkLMOHHaA LeHHOCTb CMHTETMYECKON reKCcaniongHow nieHnLbl, puBieyeHHol B Konnekyuio BVP. Basunos-
CKUI KypHan reHeTukmn n cenekuymn. 2019;23(6):738-745. DOI 10.18699/VJ19.548
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For the successful development of wheat breeding in Russia, a genetically diverse and well-characterized starting
material, mainly stored at the VIR collection, is needed. To replenish the collection, 36 lines (accessions) of synthetic
hexaploid wheat (SHWs) developed at CIMMYT by crossing Triticum durum with Aegilops tauschii were studied. Our
research was aimed at studying the SHWs using a complex of morphological and economically valuable traits in the
environments of European Russia’s northwestern part (E30°, N59°), evaluating the reaction of the SHWs to a photo-
period and determining their genetic heterogeneity and similarities by gliadins as biochemical markers. The results
showed that the variability of different traits for SHWs fits into the framework of the genus Triticum, and so SHWs can
be classified as poorly domesticated forms. Their distinctive feature, valuable for wheat breeding, is a large weight of
a thousand grains (up to 60.6 g). This trait was characterized by a low degree of variability and a low correlation with
other traits. The reaction of wheat plants to the length of the day is crucial for their transition from vegetative to re-
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productive development. The SHWs studied differed from common wheat and one another by responses to the short
day and by the length of the ‘emergence-heading’ phase if they grew under the conditions of a long day. The delay
in the development of plants with a short photoperiod ranged from 5.4 to 53.8 days. On a long day, the duration of
the ‘emergence-heading’ phase varied from 39.5 to 53.9 days. A possible genetic basis for the differences identified is
discussed. To assess the diversity of SHWs, we also used gliadin proteins as informative biochemical markers. It was
revealed that 21 SHWs were homogeneous, and the rest, heterogeneous. Forty-four different biotypes were found for
the SHWs studied, from which 36 were unique. Relationships between biotypes have been demonstrated using clus-
ter analysis. It should be noted that 13 SHWs were unstable. In each of them, some plants differed from the others in
terms of a complex of morphological characters, reaction to a photoperiod, and gliadin patterns. It is possible that the
instability of accessions is the result of genome rearrangement in SHWs. SHW accessions and the forms isolated from
them are considered as sources of new genetic variability to improve common wheat.

Key words: wheat-aegilops amphidiploids; field study; reaction to photoperiod; electrophoretic analysis of gliadin;
genetic diversity; classification; enhancement of the wheat germplasm.
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BBepeHune
Cunretnueckas rexcartougnas mmenuna (CI'TI) — mc-
KYCCTBCHHO CO3JaHHbIC aMpuIuIionnsl (2n = 6x = 42,
BBAADD) ¢ TeM e réHOMHBIM COCTaBOM, UYTO U Yy MSTKOH
neHunsl (7Triticum aestivum L.), HO OTIUYAIOIIHAECS OT Hee
OOJIBILIIM YHCIIOM aJuIesiel TeHOB OJ1aro/iapst HCIIOJIb30BaHHUIO
B CKPCIIMBAHUAX PA3JIMIHBIX Hpe}lCTaBHTeJ’Ieﬁ TETpAIION -
HBIX TreHut (2n = 4x =28, BBAA) pona Triticum L. u Buna
Aegilops tauschii Coss. (2n = 2x = 14, DD) (Ogbonnaya et
al., 2013). [1epBbic POPMBI CHHTETUYCCKOM MIIICHUIBI OBLIN
nony4eHsl B 1940-e Tompl B mporiecce BELICHEHUS CTETICHU
poxnctea reHoMoB Msirkoit nmeHwuisl (Kihara, 1944; McFad-
den, Sears, 1946). Ho suib criyCTst HECKOJIBKO CCATHICTHN
MOSIBIJIMCH CTAaThH, YKa3bIBAIOIINE HA JOCTOMHCTBA BUIA
Ae. tauschii xax TOJE3HOTO MCTOYHUKA HOBBIX T€HOB JUIS
yiay4lieHus: BoszenbiBaemoii mureHunsl (Gill et al., 1986).
B macrosmee BpeMst B MUpe U3BECTHO CBEIIE 1.5 ThIC. 00-
pasuoB CI'TI, 1t KOTOpBIX MaTepUHCKUMU (hopMaMu ObUTH
HE TOJIBKO COBPEMEHHBIE COpPTa TBEPIOH MIeHUIb! 1. durum
Desf., HoO u 00pasubl gukol nBy3epHSIHKU 1. dicoccoides
(Koern. ex Aschers. et Graebn.) Schweinf., kynbTypHO# 1011
ob1 (1. dicoccum Schuebl.), a Taxoke MIICHUIIBI KAPTATHHCKON
(T. persicum Vav.), a noHOpaMu MBUIBIEI — puMepHO 900 06-
pasuoB Ae. tauschii pa3IUIHOTO reorpadUIecKoro MpPouc-
xokaenus (Ogbonnaya et al., 2013). [Ipeobiagaromas yactb
Bceil 910 paboTel BemonHeHa A. Mujeeb-Kazi ¢ xomteramu
(1995, 1996) B CIMMYT (The International Maize and Wheat
Improvement Center, Mekcuka). [1o pesynsraram usydeHus
521 obpasua CI'TI cpopmupoBanst Habops! Elite 1 u3 95 06-
PpasioB, OTOOPaHHBIX B OCHOBHOM IT0 arPOHOMHYECKUM TIPH-
3rakaM (Mujeeb-Kazi et al., 2000), u Elite 2 — u3 33 0Opasios,
XapaKTEPHUIYIOMINXCS YCTOMYMBOCTBIO K PA3IMYHBIM 00-
ne3usM (Mujeeb-Kazi, Delgado, 2001). loctynHocTs 3TOTO
Mmarepuaa sl MHUPOKOTo Kpyra MCCieaoBarelieil pa3HbIX
CTpaH CTUMYNHpoOBaia Kak co3nanue HOBbIX CITI, Tak u
nepeady MX FeHETHYECKOrO MaTreprasia B BO3/IEIIBIBACMbIC
neHnisl ABctpanuu (van Ginkel, Ogbonnaya, 2007), Kuras
(Yangetal., 2009), Uaauu, [Takucrana u Ipyrux cTpaH MUpa
(IlamanuH u ap., 2018; Li et al., 2018).

st pacummpenus Bo3aMokHocTel ncnonb3oBanusi CI'TI B
POCCHIACKOI CeTeKINH HaMH OBLITH TIPUBIICYCHBI B KOJICKITAIO
TeHETHYECKUX PeCcypcoB pacTeHnit Beepoccuiickoro nHCTH-
TyTa FeHETUYECKUX pecypcoB pacteHuit um. H.M. BaBunosa
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(BUP) nuaum (o6pasiml), co3nanabie B CIMMY T. Brotroue-
HHE B KOJIJICKLIMIO JJF000ro HOBOTO Marepualia mpeanoiaraet
€ro Mop(oJI0rHYeCcKOe ONMCAHHIE M KOMIUICKCHYIO OLICHKY 110
XO3HCTBEHHO MOJIC3HBIM NPU3HAKAM C LIeJIbI0 O0TaHUYECKOI
uAeHTU(UKAMKE 00pa3lloB U PACKPBITUS WX TOTEHIIMAIA
JUISL CEJIEKIIMOHHOTO MCIob30Banus. Llens HacTosmero uc-
ciretoBanus — u3yuenne oopasnos CI'TI mo komriekcy mop-
(hoIOrNUeCcKUX 1 XO3sIMCTBEHHO IIEHHBIX PU3HAKOB B yCJIO-
Busix Cesepo-3amagHoro pernona Poccuiickoit @eneparum,
OLICHKA UX PEaKLX Ha (OTONIEPHOI, OTIPEICIICHUE TeHETHYC-
ckoii rereporeHrocty 00pasuos CI'TI u cxoicTBa MeX Ty HUMU
C UCIIOJIb30BAaHUEM IVINAJHMHOB B KaueCTBE OMOXMMHUYECKHX
MapKepOB.

MaTeleaﬂbl n metogbl

Marepuanom st UCCICIOBaHUHN MOCTYXWIH 36 00pa3IoB
CI'TI u3 criucka Elite 1, mosy4eHHbIC B KOJUICKIIHIO MIICHUIBI
BUP B 2006 . 3 Wheat Genetic and Genomic Resources
Center at Kansas State University (CILIA). B co3nannu stux
CI'Tl yuactBoBaiu 19 paznnyHbIX THOpHIAHBIX GOPM U COPTOB
T. durum wn 31 o6pasen Ae. tauschii (ITpunoxenue 1)!.

[onesoe n3yuenne obpasuos CI'TI npoBoauin B IpOBOM
nocese (KapaHTUHHBIM NMUTOMHUK, T. [TaBrnoBck, 2007 .
n ombITHRIA yyacTok BUP, r. Ilymxkun, 2008 r; 30° B. 1.,
59° c.m1.). Cpoku moceBa M arpOTeXHHUKA — OOILICTTPUHSTEIC
Jutst 30HbL. [loceB, (eHOMOrMYecKre HAOMIONCHUS U OLICHKY
3JIEMEHTOB CTPYKTYpPBI MPOJYKTHBHOCTH 00pa3loB ocy-
IIECTBIISUIN B COOTBETCTBHU ¢ MeTOANYECKUMH YKa3aHUSIMHU
BUP (Mepexko u ap., 1999). Mcnonp3oBanyu Taxke MIKaJIbI
[Mupoxoro yaudummposanHoro kinaccupukaropa COB pona
Triticum L. (1989) nnst onmcanust 00pa3oB B CHCTEME ATOTO
poxaa. J{ns olleHKH BBICOTHI PACTEHUI U KOMIIOHEHTOB IPO-
JTYKTUBHOCTH oTOMpanu 1o 10 pacTeHnii Kaxaoro odpasia.
Crangaprom ciryxuia copt Jlenunrpanka (xk-47882, Pocens,
Jlenunrpasckas o0sacTsb).

B BereranoHHOM OmbITE H3ydand (POTONEPHOTMIECKYIO
yyBcTBUTENBHOCTH (PITH) 06pasnos CI'TI. B xauecTse cTan-
JIapTOB HCIIOJIB30BAIH yIbTpacKopocmenslii copt PoToH
(k-55696, Poccus, KpacHomapckuii kpait), crabo pearupy-
IOLMI Ha KOPOTKUHU J€Hb, U cpenHecnenbii JIeHnHrpaaxa,
3a/1ep’)KUBAIOIIUI pPa3BUTHE HAa KOPOTKOM JIHE Ha JBE-TpHU

1 Mpunoxexna 1-4 cm. no agpecy:
http://www.bionet.nsc.ru/vogis/download/pict-2019-23/appx15.pdf

739



A.G. Khakimova, N.K. Gubareva
V.A. Koshkin, O.P. Mitrofanova

Henenu. PacTeHus BbIpallMBalu Ha JEPHOBO-IIO30IHCTOMN
MOYBE B IUIACTHKOBBIX MATWJIMTPOBBIX cocynax. B ogHom
BapUaHTE OIBITA BCE COCYABI C PACTEHHSIMH HaXOAWINCH B
YCIIOBHUSIX €CTE€CTBEHHOTo AIMHHOrO JIHA (oT 17 u 30 mMuH
1o 18 a 52 muH), B Apyrom — KopoTkoro (12 1) cBeToBOTO
nust (poroneprona). KopoTkuii 1eHb co3qaBaiy, 3aKaTbiBast
BAaroHeTKW € BETCTAMOHHBIMH COCYJaMU B CBECTOHCIIPO-
HUIIAeMbI MaBUIIBOH, B KOTOPOM OHM HaXoawinuch ¢ 20 9
Beuepa 70 8§ 4 yTpa. BaroHeTku ¢ pacTeHUsIMU B YCIIOBHAX
€CTECTBCHHOI'O JUVIMHHOT'O IHA HA 3TOT NE€pUO IMoMEIaIn B
CTEKJISTHHBIN NTaBUJIBOH. Y pacTEHUH MILIEHULbI ONPEAEIIIN
MIPOJIOJKUTENILHOCTD TIEPHOJIA BCXO/BI—KOJIONICHUE (JIHH) B
yenosusax aaunHoro (T,) u xoporkoro (T,) anei. ®ITY BbI-
YHCISIIN 10 BEJIMYMHE 3a[CP)KKN KOJIOMIEHHS Ha KOPOTKOM
JIHE 110 CPABHEHHMIO C ECTECTBEHHBIM AIMHHBIM JHeM (T,—T))
u 1o kodpdurmenty OITY Kipg = T,/T)).

Jnst snexTpodopeTnueckoro aHaam3a 3amacHoro Oenka
rraanHa B 2009 1. va none BUP (ITymkun) ObUTH BBICESHBI
3€pHOBKH OT/JENIBHBIX KOJIOCheB yporxkas 2008 I. 0T Kax10ro
u3 36 obpasmnos CITI. ITomyueHHBIE W3 HUX PAaCTEHHUS OIle-
HHUBAJIN HAa OTHOPOJHOCTH IO MOP(OJIOTMIECKUM ITPU3HAKaM,
Uy PacTeHHH KaKJA0ro MOPQOJIOTHYECKOro TUIA U3ydalld
mraauH 2—11 3epHOBOK.

[MuanuH SKCTparupoBasid U3 OTJACIBHBIX 3€PHOBOK pac-
TBOpOM 2 M MoueBuHBI B TeueHue 10—12 4. Daekrpodo-
peTndecknii aHajIM3 MIMaAuHA B IulacTuHax 6.5 % ITAAT
(6ydep 0.013 M ykcycHast KHCIIOTa) TTPOBOJIVIIN MO METOJIHKE,
npunsitoid B BUP. MnenTudukanmio KOMIIOHEHTOB U 3aIiCh
6€11KOBBIX (hOPMYIT BBITTOTHSIIN B COOTBETCTBUH C 3TAJIOHHBIM
cnekrpoM (Mpentndukanus copros..., 2000). Crangaprom
JUIsl OLICHKH KaueCTBa paszesIeHust OeJIKOB ¥ MICHTH()UKAIINN
KOMITOHEHTOB CITY>KWJI THaguH copta MupoHoBckas 808
(x-43920; CCCP, Ykpannuckass CCP). benkosbie Gpopmyisl
[JIMaJIHA BCEH COBOKYITHOCTH U3YUYCHHBIX 3€PHOBOK 36 00-
pasmoB CI'TI omryGnmkoBaHsI panee (XakuMoBa u 1p., 2018).
Pactenust ¢ pasHBIMH THIIAMU CIIEKTpa TIIHaHA y o0pasia
paccMaTpUBaid Kak OMOTHUIIBI, KX 0003HAYAIM TEM YKE HOME-
pPOM KaraJiora, OTOJIHUTENbHO yKa3blBas HOMEp OMOTHIIA,
Hanpumep k-65490 1 n x-65490 2.

CraTHCTHYECKYI0 00pabOTKy pe3ysIbTaTOB MIPOBOIWIA C
MCTIONB30BaHUEM IpOrpaMMHOro makera Statistica 12. s
OIICHKH B3aMMOCBs3ei Mexay Omortmmamu oOpasmos CITI
M0 CXOJCTBY DJIEKTPO(OPETUUECKUX CIIEKTPOB IVIMAUHA
MIPUMEHSUIN KIIaCTepHBIN aHaian3. CTENeHb CXOICTBA MEKIY
AEKTPO(YOPETUIECKUMH CHEKTPAMHU BCEX BO3MOXKHBIX Hap
OMOTHIIOB OIICHMBAJIM TTOKa3aTeaeM mogoous JKakkapa. Pac-
4YeT MaTPHIIbI, B KOTOPOH HaJIMIHe KOMIIOHEHTA KOJUPOBAIN
mudpoit 1, orcyrcrBue — 0, KIacTepHbIH aHaIN3 (aITOPUTM
UPGMA), noctpoenue (heHorpaMm KiiacTepu3aiuy OCyIecT-
BIISITH € TIOMOIIIBIO TIporpaMMHoTo obecrredennss DARwin 6.0.

Pesynbratbl

O6pasisr CI'TI mpencrasnsiot pon X Aegilotriticum P. Fourn.,
oTHocsmuitcs k Tpube Triticeae Dum., cemelicTBy Poaceae
Barnh. (UniProt, 2019). OtinunTensHbIMA MOP(OJIOrHueCKHU-
MU IPU3HAKaMH 00pa310B ObUIN HAJIMYHE BEPETEHOBUIHOTO
TIOJIyOCTHCTOTO MITH OCTHCTOTO KOJIOCA, UMEIOIIETO CBETIIO-KO-
PHYHEBYIO MU CEPO-KOPUYHEBYIO OKPACKY, B Pa3HO CTETICHN
JIOMKHH CTEpPKEHb, )KECTKHE KOJOCKOBBIC YEIIyH U TPYIHBIN
oOMonoT. XapakTepucTHKH Kaxaoro u3 36 obpasnos CI'TI
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110 MOP(OJIOrUYeCKNM NPHU3HAKAM PACTEHUSI U KOMIIOHEHTaM
MPOIYKTHBHOCTH Kojoca npuBeseHsl B Karangore MupoBoit
koekuu BUP, Beim. 870 (Xakumosa n ap., 2018). Ilo-
CKOJIBKY cucTema poaa XAegilotriticum He pa3paboTaHa, 1mo-
JIOKEHHE KaX10r0 u3ydeHHoro oopasia CI'TI naHo B cucteme
pona Triticum L. (ITpunoxenue 2). 1o mpusHaky «BbIcOTa
pacTeHus» 00pa3ibl BXOAWIN B TP TPYIIIbI: TOJIYKAPIUKH,
CpeHEpOCIIbIE U BHICOKOPOCHBIE, B ABYX IOCIEIHUX TPYII-
nax BBIJCIICHBI MOATPYIIBI. He3aBuCHMO OT 3TOTO JeieHus
00pasupl UMeNH MPEUMYIIeCTBEHHO CPEAHUI 10 pa3Mepy
KOJIOC, JINIIB Y TIATH 00pa3oB KoJIoc ObUT JUIMHHBIM. Unciio
kosockoB y CI'TI He BBIXOIMIIO 32 TIpe/IesTbl KITaCCOB «OUYEHb
MaJioe» 1 «Majioey, a YMCIIO 3€PEH B KOJIOCE JI0BOJILHO IIMPOKO
BapbUPOBAJIO: OT OYEHB MAJIOTO 10 OosbIoro. Takoe BapbUpoO-
BaHME ITOTO MTOKA3ATEISsI MOTJIO OBITh CBSI3aHO C PA3THUMIMHI
pacTenuii no gpeprusibHOCTH. Macca 3epHa ¢ IIIaBHOTro Kojioca
y 11.4 % nuuwuii Obla 04eHs Manoi, y 65.7 % — B npeaenax
0.9-1.4 1, 1. e. Manoit, y 22.9 % — cpenneii (ot 1.5 10 2.6 ).
Hanporug, macca 1000 3epen y 58.3 % o0pa3iioB ObL1a 0071b-
10 ¥ OueHb OOJIBIION. B 11e10M Ha 0CHOBaHUH ITOTyYeHHBIX
XapaKTEPUCTUK MOXKHO OBLIO 3aKIIFOYHMTH, YTO BBISBICHHOE
pa3Hoo0pasue 00pasioB pona xAegilotriticum yKianbIBacTCs
B paMku Triticum L.; 0Opa3Isl MOXKHO KIaCCH(DUITIPOBATH KaK
¢11a00 OKYJIBTYPEHHBIE (POPMBI.

Hapsiny co creneHbio BBIPaKEHHOCTH MPU3HAKOB y 00-
pasnos CI'TI bl n3y4eHs! ypOBEHb NX BApbHPOBAHMUS 110
BIIMSTHUEM YCIIOBHH BHEIIHEH CPE/Ibl U B3aUMOCBS3H MEKITY
[IPU3HAKAMHU, JJIsl TOTO YTOOBI IIPOrHO3MPOBATH PE3YJILTATHB-
HOCTB 0TOOpa 10 HUM. VI3yueHne n3MEeHYNBOCTH MIPU3HAKOB
MI0Ka3aJ10, YTO HanboJee BapbUPYIOUIMMHU TI0 PE3yiIbTaTam
nByxyerHero uccnenoBanus B [1aBnoscke B 2007 1. u [Tymiku-
He B 2008 . OpUIH MPHU3HAKK «Macca 3epHa C ITIaBHOTO KoJIoca
WIN OJHOTO PAcTEHHS», «UNCIIO TPOAYKTHBHBIX CTEOICH»
U «4HCJI0 3epeH B Kojoce» (tabm. 1). Hampotus, Haubosee
ogHOponHOW Oblna BeIOOpKa oOpasnos CI'TI mo mpu3Hakam
«ITPOIOIDKUTETBHOCTD IIEPHO/Ia BCXOABIKOJIOIIEHHE), «Macca
1000 3epen» u «urHa Kosocay. Koadduiment Bapuanunu 1o
MIPU3HAKY «BbICOTA pacTeHus» coctaBmil 16.0 % (ITymkum,
2008) u 18.6 % (I1aBnosck, 2007).

Paccuntannbie o Cp€AHNUM 3HAYCHUAM IIPU3HAKOB ITAPHBIC
KOPPEJSIIUH MTPOJEMOHCTPUPOBAIIN CXOICTBO CTPYKTYPBI HX
conpsbkeHHol m3MeHunBocTH ([Tpnnoxenue 3). HezaBucumo
OT MecTa U roja BelpamuBanusi oopasuos CI'Tl, crarucru-
geck 3HaguMBIe (p < 0.05) cBs3M MPHU3HAKOB COXPAHSIHCH
ME3K Ty BEICOTOH pacTeHMs U JNIMHOU konoca (= 0.41pp,, 2007
1 7= 0.481y, 2008), YUCIOM 3€peH B KOIOCE (7'= 0.551745 2007 U
7= 0.61 15y, 2008), Maccoli 3epHa ¢ pacTenust (7= 0.5511,5 2007)
uin konoca (= 0.5y, 2008), YMCITOM NPOIYKTUBHBIX CTE-
Onedt (7= 0.531145 2007 17 = 044115, 2008), & TAKIKE MACCOH 3€p-
Ha C PaCTEHUsI WJIM KOJIOCA M YMCIIOM MPOTYKTHBHBIX cTeOIeH
(r=0.7711a5., 2007 1 7 = 0.45 7311, 2008 COOTBETCTBEHHO), YHCIIOM
3eped B Kooce (= 0.4y, 20074 7= 0.92p3,, 2008 COOTBET-
CTBEHHO). Takas conpspkeHHas M3MEHYMBOCTH MPHU3HAKOB
MOXXET OBITh 00YCIIOBIICHA TEHETHYECKON TeTepPOTreHHOCTHIO
00pa3oB U WX OHOTHITHON peakiueil Ha U3MEHEHHE YCII0-
BUM BHEWIHEN cpenpl. [IpakTHueckn HE3aBUCHMO OT JPYTHUX
MIPU3HAKOB BapbUpPOBAIU JuInHA Konoca 1 Macca 1000 3epeH.

Bricokue 3HaueHus mpusHaka «macca 1000 3epen», ero
HHU3Kas CTENEHb M3MEHUYMBOCTU M cialasi B3aMMOCBS3b C
JIpyTHMHU NpHU3HAKaMK ykasbiBatoT Ha oOpasusl CITI kak
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Table 1. Parameters of 35 SHW accessions grown in the Northwestern region of Russia*

Traits Pavlovsk, 2007 Pushkin, 2008
Xcp £s** lim CV,% Xcpxs lim
Height, cm 88.9+2.8 56-126.3 18.6 96.3+2.6 70.9-128.1

* Accession k-65488 was not examined. ** Xmean, mean value; s, error of the mean; lim, limits of character variation; CV, coefficient of variation.

Table 2. The SHW accessions shown to be sources of high 1000 grain weight in a two-year field study
in the Northwestern region of Russia

VIR accession Locality-year Plant height, Number of productive  Spike length, Number 1000 grain
number cm stems cm of grains per weight, g
spike
65 5 0 ] ........................... pushk.nzoog ................... 9 64 ....................... 3 4 ....................................... 9 3 .......................... 2 24 ....................... 5 15 .....................

Pa V| O V 5 k20 0 7 .................. 3 63 ........................ 5 3 ....................................... 9 1 .......................... 2 3 .......................... 5 7 ........................

65503 ........................... PUShkaOOS ................... 119042 ....................................... 9 6 .......................... 2 23 ........................ 5 4 ........................

Pa V | O v 5 k20 o 7 .................. 1 010 ..................... g 3 ....................................... 9 4 ......................... 2 5 .......................... 5 35 .....................

65505 ........................... PUShkaOOS ................... 110543 ....................................... 9 9 .......................... 2 61 ........................ 6 06 .....................

pav|ovsk2007 .................. 8 8043 ....................................... 9 6 .......................... 2 13 ........................ 5 0 ........................

65 5 0 6 .......................... pushk,nzoog ................... 1 046 ..................... 6 2 ....................................... 9 7 .......................... 2 89 ....................... 5 3 ........................

Pa v | O V 5 k20 0 7 .................. 9 30 ........................ 9 O ....................................... 102 ....................... 2 75 ........................ 5 63 .....................

65 5 o 7 .......................... pushkmzoog ................... 8 67 ........................ 1 4 ...................................... 9 1 .......................... 166 ....................... 5 37 .....................

Pa V | o V 5 kzo 0 7 .................. 1 010 ..................... g o ....................................... 9 9 .......................... 187 ....................... 5 5 ........................

55 5 1 3 ........................... PUSth n2008 ................... 7 35 ........................ 5 O ....................................... 8 7 .......................... 2 5 .......................... 5 5 ........................

pa v | o VS k20 0 7 .................. 7 75 ........................ 5 5 ....................................... 10 .......................... 2 25 ........................ 5 8 ........................

65 5 14 .......................... PUSh k, nzoog ................... 8 87 ........................ 3 3 ....................................... 9 6 ......................... 2 83 ........................ 4 69 .....................

Pa V | o V S kzo 0 7 .................. 7 43 ........................ 2 8 ....................................... 3 5 ......................... 2 23 ....................... 4 6 ........................

Ha [IEHHbIE TeHETHYECKUE MCTOUHHKH. HexoTtopble M3 HHX
[0 pe3ylbTaTaM JBYXJETHETO M3YUCHHs NEPEUHCICHBI B
Tabn. 2. B nuteparype UMEIOTCSl CBEJICHNSI O BO3MOXKHOCTH
yBenuueHus maccel 1000 3epeH y copTOB MATKOM MIITEHUIIBI
myTeM ckpermmBanus ux ¢ obpasmamu CI'TI (del Blanco et
al., 2001). O BrIcokoii macce 1000 3epen (boxnee 60 r), B TOM
yucie 00pasloB, NONYYHBIIMX HOMEpa Kartajora k-65485,
K-65488, k-65492, k-65507 u k-65509, coobmamu u A. Gul
Kazi ¢ xonmneramu (2012). KoadduimeHTs! cxoacTBa MexmLy
o0pasiamu, pacCUuTaHHbIE MU [IPH CPABHEHUH I'€HOTHIIOB
o RAPD- n SSR-mapxepawm, BapsrupoBaiu ot 0.693 mo 0.889,
YTO CBHJICTEIBGCTBOBAJIO B O3y T'€HETHYECKUX Pa3Indnil
00pa3uoB. B TpaHCKPUIITOMHOM aHAJIM3€ MPOIEMOHCTPH-
poBaHo, uto paznuuusg Mexay CITI u Markod mmeHunen
10 Macce M pa3Mepy 3epHOBOK CO BTOPOTO MO TIATHA/IATHIH
JICHb TI0CJIE ONBUICHHSI CONPSIKEHBI C PA3HOW CKOPOCTBIO MX
Pa3BUTHSI X YPOBHEM 3KCIPECCHU T€HOB, KOHTPOINPYOLINX
merabonu3m caxapos (Yan et al., 2018).
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CrnenyeT OTMETUTh, 4TO Cpelau pacteHuit 13 u3 36 00-
pasIoB, BBIPALICHHBIX M3 3€PHOBOK OT/AENBHBIX KOJIOCHEB,
a UMEHHO y K-65487, k-65496, k-65498, k-65501, k-65506,
K-65508, k-65509, k-65510, k-65511, k-65514 u k-65518
(mmoces 20009 1), ObUTH BBISBICHBI PACTCHUS, OTIMYAIOIIAECS
OT JIpYTHX 110 MOP(OITOTHUECKUM ITPU3HAKAM M CKOPOCTH Pas-
BUTHS. DTH pacTeHus Oblin Ha 10—15 cM BbIlIE OCTANIBHBIX,
Ooee mMo3MIHECTIETTBIMHU, O€30CTHIMH, UMENTH O0JIee CBETIYIO
OKpacKy Kosioca 1 OOJIbIlIee CXOACTBO C MSTKOH MIISHUIIEH.
['pynma pacrenuii 5Tux 00pa3LoB ObLIa YCIOBHO Ha3BaHa «BbI-
menuBmmecs CITIy. [Tocne pa3sMHOKeHNS ATUX pacTEHHIA Ha
oneitHOM noste BUP (ITymxkwun, 2011 1) ¢ 1ienpro cpaBHEHUS
TMOJIYUYCHHBIX JIMHUHM C TUIIMYHBIMHU paCTCHUSAMU 06p33]_IOB
U3y4yald peakIUio HEKOTOPHIX M3 HUX Ha (OoTomepuon, a
TaKKe TIIHANH.

PeSyﬂbTaTbI N3YUYCHHU B BEI€TALIMOHHOM OIIBITEC pEAKIIUH Ha
thoromepron 20 obpasmos CI'TI, Tpex BrIIemUBIIIXCS (hopM
U JIByX COPTOB-CTAHAAPTOB IOKa3aHb!I B Ta0I. 3. B ycnoBusax
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Table 3. The duration of the emergence-heading interval

and the photoperiodic sensitivity coefficient of SHW accessions
grown under long- and short-day conditions (Pushkin, 2011,
greenhouse experiment)

VIR accession Emergence-headinginterval  T,-T; KpHs
....................................................... T
T, T, /M)
k-55696, Foton 32.3+0.21 34.7+0.21 24 1.07

k-47882,

k-65490 43.0 £0.00 60.0 170 140
k_65492466i016578i065 .......... 112 ....... 124 .......
k-65496481i028599i065 .......... ”8 ....... 125 .......
k_65498451i046699i093 .......... 2 48 ....... 155 .......
k-65500436i031490i033 ............ 54 ....... 112 .......
k65501484i117685i348 .......... 2 01 ........ 142 .......
k_6550245110569041215 .......... 4 53 ....... 2 0 .........
k_65503439i035977i096 .......... 5 38 ....... 2 23 .......
k_6550647010586281246 .......... 158 ....... 134 .......
k_6 5513 .................... 3 95 io 27 .......... 5 09 io 91 .......... 114 ....... 1 29 .......
k_65513a467i2066601239 .......... 193 ........ 141 ........
k_65514472i013640t090 .......... 168 ....... 136 .......
k_65515437i165615i230 .......... 178 ....... 141 ........
k_65516421i041507i112 ............ 86 ....... ]20 .......
k65517481i069619i098 .......... 138 ....... 129 .......
k_65518433i124860i229 .......... 4 27 ....... 197 .......
k_6 5518a .................. 5 39 1257 837 i451 .......... 2 98 ....... 155 .......

Notes: T, and T, are durations of emergence-heading interval in plants
grown at the natural long-daylight and at the short 12-h daylight, respectively.
T,-T, is the delay in plant heading at the short day as compared to the long
day. Ky = To/T is the photoperiodic sensitivity coefficient.

JUITMHHOTO JTHSI IPOAOIDKUTEIBHOCTD NTEPUO/A BCXOABI—KOJIO-
HIeHHe y HUX BapbupoBana oT 39.5 no 53.9 nus, y copTos-
crannaproB ®otoH u Jlennnrpanka coctasuia 32 u 40 quei
COOTBETCTBEHHO. [IpOfOMIKHUTENBHOCTE ITOTO TEpHOa Ha
KOpOTKOM JHE u3MmeHsuiach ot 49.0 1o 97.7 nus, y ®orona
cocraBuia 34, y Jleaunrpagku — 58.5 nus. Koaddunuent
®ITY y o6pasnoB u muauit CI'TI mamensics ot 1.12 mo 2.23:
®oron — 1.07 u Jlenunrpaaka — 1.46.

Ha xopotkom ane pazsutue pacrenuit CI'TI 3apepxuBanocs
B pa3Hoii cTenieHu: oT 5.4 o 53.8 gus. Hamubonee cumpHyI0
peaknuio Ha KOPOTKUH JICHb MPOsIBUIM 00pa3ubl K-65502,
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K-65503, k-65518 u Beimenusiascs Gopma k-65518a. 3a-
JIepKKa KOJOMIEHUS y HUX cocTaBmiaa oT 29.8 mo 53.8 nus,
IIPU 3TOM Ha JUITMHHOM JHE 00pa3Iibl BBHIKOJIAIIMBAINCH Ha
3-5 nHeii, a BeimenuBInasics ¢popMa Ha 22 JHs O3KE copTa
Jlenunrpaaka. HanMeHee qyBCTBUTENBHBIMH K KOPOTKOMY
(ororneproy ObuTH copT-cTanapT PoToH, 06pasip K-65500,
K-65513, k-65516 u BeimenuBIIasics Gopma k-65487a (3a-
nepxKa KonomeHus Ha 5—11 mueit). Ha mmuaHOM qHE Bee 3TH
00pa3IIbl BHIKOJIAIINBAIKMCH IIPUMEPHO B TE JK€ CPOKH, UTO U
copt JIeHHHTpaiKa, a Ha KOPOTKOM — ObICTpEe ero Ha 7—8 JAHEi.
OcranbHble 00pa3Ibl ¥ IMHUH CYIIECTBEHHO HE PA3INYaIINCh
Mexay coboif. Ciemyer OTMETUTh, YTO XapakTep peakuuit
BBILICTTUBIIMXCS (OPM Ha M3MEHEHHUE IPOIOKUTEIBHOCTH
CBETOBOTO JHsI ObIT pa3HbIM. [10 cpaBHEHMIO ¢ MCXOAHBIMHU
obpasnamu y k-65513a yBenmuuuiach MpoJOIDKUTEIEHOCTD
MepHro/ia BCXO/IbI—KOJIOIIEHHE U Ha JUIMHHOM, U Ha KOPOTKOM
JTHE; HATIPOTHB, Y K-65487a oHa yMeHBIIHIIACK, a Y K-65518a
MIePHOJT BCXO/IBI—KOJIONICHHE YBEITUYMIICS Ha JUTMHHOM JTHE U
MPAaKTHYECKH HE U3MEHHJIICSI HA KOPOTKOM.

BererannoHHBINA ONBIT TOKa3ai, 9To u oopasisr CITI,
1 BBIILCTUBIINECS U3 HUX (POPMBI OTIMYAIOTCSI OT COPTOB-
CTaHJApTOB U Pa3IMyarOTCs MEXIy coOOW MO MPOIOIIKHU-
TEJILHOCTH TIEPHO/Ia BCXOBI—KOIOIICHNE HA JUTHHHOM JTHE U
peakuuei Ha KOpPOTKHUii 1eHb. Bo3MOXHO, 3TO 00ycI0BICHO
reHeTnyeckumu pasnuausaMu CI'TI u omindnem ux ot Msrkoi
IIICHUIBI, TPEXK/IE BCETO MO AJIIEISIM TOMEOIOTHIHBIX TEHOB
Ppd (Response to Photoperiod).

[To nanubim L. Huang c¢ kosuteramu (2012), oOpasubl
Ae. tauschii 9yBCTBUTENBHBI K (OTONMEPHOAY M XapaKTe-
PHU3YIOTCSI pa3HON CKOPOCTBIO pa3BuTHs. OHM MMEIOT TPH
rarwtoruna (I-111), pasnuuarommxcst Mexxay co0oi 1o Ha-
JTUYHIO—OTCYTCTBHIO JeNennuii pasmepom B 24 u 15 m.o.,
PacoIoKEHHBIX BBIIIE KOAUPYIOLIETo yuacTka rena Ppd-D1.
lamtorun 1 BeIsiBICH y 00pa3ioB ssp. fauschii; a rarmio-
tun I — y ssp. strangulata. B moaTBepXaeHne TOMY, 9TO
MIPE/ICTABUTEIH SSP. strangulata 6b1mM TOHOpaMu reHoMa D
MSITKOH NIIEHUIIbI, CBUJICTENILCTBYET HATMYHE Y UyBCTBUTEIb-
HBIX K poTorneprnony GpopM MATKOH mireHuI s rarmiotuma 111,
HO C JOIOJHHUTEIIbHON Jeirenueit 16 1. o. B 3x30He 8. Y He-
qyBCTBUTENBHBIX K (hoTOIEproy GopM MITKOH MIICHHUIIbI BbI-
SIBIICHA JIeenust pasMepoM B 2089 11. 0. BEIIIE KOJMPYIONIETO
ydJacTKa 3TOTO TeHa, Kakoi HeT y Ae. tauschii (Beales et al.,
2007). Kpome Toro, B xpomocomax 2A 1 2B MATKOH MIIIeHUITbI
MTOKa3aHO MPHUCYTCTBHE TOMEOJIOTUYHBIX TeHOB Ppd-Ala ¢
nenermeit B 1085 1. 0. u Ppd-B1a c nacepuueii B 308 11. 0. min
YBEJIMYEHHBIM YHCIIOM Komnuii (2—4) reHa Ha XpOMOCOMY, BCe
9TH U3MEHEHHS TAKXKE OIPEEISIOT HETyBCTBUTEIBHOCTD MSIT-
Ko# meHunsl K ¢potonepuoxay (Diaz et al., 2012; Nishida et
al.,2013). B ominyue ot Msirko# mieHuts! hopmbl 7. durum,
HE YyBCTBUTENFHBIC K (POTONIEPUOLY, IMEIOT TeH Ppd-Al ¢
neneuusiMu pazmepoM B 1027 wnu 1117 1. 0., a MyTanuii rena
Ppd-B1, cBSI3aHHBIX C HEUYBCTBUTEILHOCTHIO K (POTOMEPUOLLY,
1o cux mop He ooHapyxeno (Wilhelm et al., 2009). Takum 06-
pazom, obpasusl CI'TI, coneprkaiye reneTndecknii Marepuan
TBEPOH MIIECHUIBI U Ae. tauschii, SBISIOTCS UCTOYHUKAMHU
HOBBIX JUTSI MATKOH MIIICHHUITHI ajuieneil TeHOB Ppd, KOTophIe
MO)KHO HCIIONIb30BaTh B CEJICKLUH MPU CO3/IaHUN COPTOB C
Pa3HO NPOAOIDKUTEIBHOCTBIO (pa3 OHTOreHe3a.

J171s1 OLICHKH CTENIEHH T'eTePOreHHOCTH U CXOJICTBA 00Pa3IoB
CI'TI, peructpannu nx pa3zHooOpa3ust IPOBEICH AIEKTPOQO-
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pPETHUYECKUI aHalIM3 3aracHoro OejKa 3epPHOBKH INIMAJIUHA.
B manbornee momHOM BHAE CyMMapHBIA JIEKTpoopeTnde-
CKHH CHEKTp ITOro OeiKa comepiKal cieIylole KOMIIo-
HEHThL: 023456,6,7,7,, B12,3,3,3:4,4,5,5,, v2,2,2,34,4,5,
023,3,4,4,4,5,5,6,6,0,7,7,8,8,9,9,9,10,10,. Paznoobpazue
TIO CIIEKTpaM ObLIO 00YCIIOBIICHO KaK HATMIYMEM—OTCYTCTBHEM
KOMITOHEHTOB B 0., 3-, Y- ¥ (0-30HaX, TaK U BapbHUPOBaAHUEM
UX MHTCHCUBHOCTH.

CpaBHeHHe 3J1eKTPO(YOPETHUECKUX CHEKTPOB TNIMAJNHA
OTJCIBHBIX 3EPHOBOK y Kaxaoro u3 36 obpasuos CI'TI mo-
Kazayo, 9to 21 obpasern ObUT MOHOMOP(HBIM, OCTaIbHBIC —
rereporeHHbIMH. Cpeay TeTepoTreHHBIX 00pa3IoB JIECATh
HUMCJIM 110 [Ba BapuaHTa CIICKTPOB INIMaJiInHa, Wi 6I/IOTI/IHa;
o0pasmpl k-65490, k-65494 n k-65517 — mo Tpu OmoTtuma,
a k-65502 n x-65511 — mo werblpe 6noTnNa. Y HEKOTOPBIX
06pa3uoB u ouoturos CI'TI ObuTH OMHAKOBBIE CIIEKTPHI K-
a/InHa, TIPY 3TOM OHU MMEIN PAa3HbIE POAUTEIBCKHE (POPMBI.
YCI0BHO X MOXXHO 00BETMHUTE B Tpymsl: (1) 65489, 65492,
65496, 65506, 65507, 65490_1, 65491 1;(2) 65512, 65513;
(3) 65504 1, 65505; (4) 65490 2, 65491 2; (5) 65485 1,
65501; (6) 65502 1, 65503; (7) 65509 1, 65511 1 n
(8) 65509 2, 65511 2. Bcero npu aHanu3e OTAEIbHBIX 3ep-
HOBOK 1t 36 o6pasnos CI'TI moxydeno 44 tuma cnexrpa
IIMAIMHA, KOTOPBIE PA3IMYaINCh 10 COCTaBY KOMIIOHEHTOB,
13 HUX 36 ObUINM YHUKAJIBbHBIMU: OHH BCTPEUAIUCH OJIH Pa3 B
M3y4eHHOH BEIOOpKE ceMsH 00pa3noB. O TeHETHYECKOM pa3-
HOOOpa3ny 00pa3oB CBUIACTEIBCTBYIOT U IAHHBIC N3y ICHUS
UX I10 COCTaBy JPYroro 3amacHoro Oeiika 3epHOBKU — CyOb-
€IMHUI] BBICOKOMOJIEKyspHoro TmoreanHa (Rasheed et al.,
2012). IlInpokoe pazHooOpasne 00pa3oB MO ABYM 3ariacHbIM
6enxaM 3epHOBKH (XaKuUMoOBa U JIp., 2018) yka3bIBaeT Ha BO3-
MO>KHOCTh PETUCTPALUH U HAJICKHON MACHTH()UKAINT UX C
TIOMOIIBIO OEJIKOBBIX MapKEPOB, a TAKXKe Hcrob3oBanust CI'TI
JJIA CO3JaHUs HOBBIX COPTOB MSITKOM IIIICHUIBI C )KEJIaE€MbIM
COCTaBOM 3aITaCHBIX OEJIKOB, BIMSIOIIMX Ha CBOMCTBA KIIEHKO-
BUHBI, OT KOTOPOH 3aBUCHT XJIeOOTIeKapHOE KaueCTBO MYKH.

s knaccugukaryu o0pasios u ouorunos CI'TI mo cre-
MIEHN CXOJICTBA IEKTPO(OPETUIECKUX CIIEKTPOB INIMAJANHA
MPOBEJEH KIacTepHBI aHanu3, ocHoBaHHBIM Ha UPGMA
(pucyHok). B coctaBe mocTpoeHHOM AEHIPOrpaMMBI BbIJe-
nensl knactepsl A, b u B. Cymmapro kimactep A Bkirodan 28
6noTnnoB, npuHauiexkanmx 13 odpazuam. Knacrep b cocrosin
U3 Tpex cyOKIacTepoB, u3 HUX b, conepixain 14 6uotunos, ot-
Hocsamuxces K 13 obpasuam, b, — 10 GuoTuos naTu 00pasuos,
b, — 3 Guoruna 1ByX 00pa3LOB, T. €. OUOTHIIEL, BHIABICHHBIC
B COCTaBEe OT/EJILHOr0 00pasla, 4acTo HaXOAWINCh B OJTHUX
U Tex ke Kiactepax. MckiaroueHne cocTaBUIM OMOTHITBI
o0pasnoB k-65502 n k-65508, oxaszaBmInecs B KiacTepax
A u B, a Taxxxe k-65494, npencrasinennsle B KiacTepax A
u b,. BHe knactepos okasaica Onorun k-65518_2. Cnenyer
OTMETHUTD, YTO HAIM4HE 00IIeH OTIOBCKOH (hOpMBI y rap 00-
pasuoB k-65488 u k-65489, k-65501 u k-65506, k-65516 u
K-65517 He oka3ano BIUSHUS Ha UX TPYTIITUPOBKY, B TO BpeMs
KaK HaJiuue o0Ieil MaTrepuHCKol ()OpMBI CIIOCOOCTBOBAIIO
o0bearHEeHHI0 OMOTHIIOB B OTAEJIBbHBIX Kiacrepax. Tak, B
kiactep B Bomumm o6pasirsr k-65499 u k-65500, y KOoTOphIxX
MaTepuHCKOH (hopMoii ObLT citokHbIH TnOpua 68.111/RGB-U/
Ward/3/FGO/4/Rabi/5/ (cm. Ipunoxenue 1). B cybkinacrepe
b, u xnacrepe b o0ObeMHMINCE OHOTHUIIBI OOPA3LIOB, B PO-
JIOCIIOBHBIX KOTOPBIX OBLTH copTa TBepoi mmeHuis Croc 1
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UPGMA dendrogram of the similarity of gliadin electrophoretic spectra
for 58 SHW biotypes.

(k-65498, k-65501, k-65514) u Doy 1 (k-65483, k-65495,
K-65511, k-65518) coorBercTBeHHO. MI3BECTHO, UTO TJIHAIN-
HOBBIE OCJIKH Y MMIICHUIIBI KOHTPOJINUPYIOTCS 110 MEHBIIEH Mepe
IIECTHIO ITITaBHBIMU CJIOKHBIMU JIOKYCaMU UJIN 6J'IOK8.MI/I TCCHO
cuemneHnblx reHoB Gli-Al, Gli-B1, Gli-D1, Gli-A2, Gli-B2
u Gli-D2, nokann30BaHHBIMU B KOPOTKHUX IIJIEYaX XPOMOCOM
[IEPBOM U LIECTOM FOMEOJOTNYHbIX I'PYIIIL, a TAKKE HECKOJIb-
KAMH MUHOPHBIMH JoKycamu Gli-A3, -A5, -A6 (xpomoco-
ma 1AS), Gli-B3, -B5 (1BS), Gli-D4,-D5 (1DS) (Wang et al.,
2017). [To-BuguMomy, pa3aruust UK CXOACTBO aJuiesiel FeHOB
9THX JTOKycoB y 00pa3noB CI'TI n ompenensioT pazHooOpasue
WM CXOZICTBO MX IVIMAINHOBBIX OEIIKOB.

IIpu cpaBHEHMH KOMIIOHEHTHOIO COCTaBa IMIMaguHa y 13
BBIIIETTMBIITUXCS (OPM OBLIO YCTAHOBJIEHO 35 THUTIOB CHEKT-
poB mMaguHa, u3 HUX 28 yHukanbHbIX ([Ipminoxenne 4).
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V3MeHeHus1 B ClIEKTpax, Kak M y UCXOAHBIX 00pas3IioB, Ipo-
SBJISUTACH TI0 HAJTWIHIO—OTCYTCTBHUIO KOMITOHEHTOB PAa3HBIX
30H ¥ MX MHTEHCUBHOCTH. Hekotopsie ¢opmbl (oHH 000-
3HaueHbI OYKBOHW «B») UMEJIHU CIIEKTPbI, HJIICHTUYHBIE CIIEKT-
pam TrangrHa OMOTHUIIOB MICXOIHBIX 00pas3IoB, a NMEHHO:
K-65498 1B = k-65498 1; x-65501 2B = x-65501 2;
K-65508 2B = k-65508 2; k-65511 1B = k-65511 2;
65511 48 = 65511 _4; k-65518 1B = k-65518 1 n
k-65518 2B = k-65518_2. Kpome TOro, y xaxaoi BbllIe-
nuBLIelcs: GOpMBI Tarkke ObUIO OOHAPYKEHO OT OJHOTO JI0
TpEeX HOBBIX TUIIOB CIIEKTPOB 3TOro0 Oeska. Ha nenaporpamme
(He mpuBeeHA), TOCTPOCHHOI HA OCHOBE CPABHEHHMS BCEX
MOJTyYEHHBIX AJIEKTPOPOPETHUECKUX CIIEKTPOB, KAKUX-JINOO
OTZIENBHBIX KIACTEPOB OMOTHIBI BHIMIETTUBINUXCS (HOPM HE
oOpaszoBany. OHU TPYNIHPOBAINCH BMECTE C OMOTHIIAMHU
HCXOJHBIX 00pa3IOB.

3aknioyeHune

Britrouennsie B koyutekuuto BUP o6pasier CI'TI pazaoobpas-
HBI TI0 MHOTHIM U3Y4€HHBIM IIPU3HAKaM, IPIMEPHO MOJIOBHHA
13 HUX K TOMY K€ TeTepOTeHHasl, 4YTO MOXKET OBITh CIIEJICTBHEM
noJuMopu3Ma y4yacTBOBABIIUX B CKPEIIMBAHUSX POJIU-
Tenbekux GopMm. Ocobo ciaeayeT OTMETHTh HeCTaOMIbHOCTD
OIIHOM TpeTH 00pa3IOB M KOMIUICKCHBIH XapaKTep OTINYNi
BBILIETTUBIIMXCS (DOPM OT UCXOHBIX 00pa31oB. BrisiBieHHas
HECTAaOMIIBHOCTh, — BO3MOYKHO, PE3Y/IBTAT IPOIOIIKAIOIIEHCS
peopranusanuu renoMoB CI'TI, u3MeHeHu y HUX DKCIIpec-
cuu renoB (Llepbanb, 2013; Tonosaki et al., 2016). [lanHbie
10 U3YYEHHIO XapakTepa KOHBIOTAUH XPOMOCOM, MOZICUETY
MEHOTHYECKOrO UHJIEKCA U OTIPENETICHUI0 YHCIIa MUKPOSIIPbI-
IIeK B KJIETKaX MbUIBHUKOB y 00pa3ioB CI'TI B cpaBHeHuUH ¢
MSITKOH MIICHUIIEH MOATBEPIKAA0T HATTMINE TAKOTO TIPOIIecca
(JlanoukwHa u 1p., 2014; Frizon et al., 2017).

Best coBokymnHOCTh 00pasiioB CI'TI, a Takke BBINICTIHABIIIHC-
Cs1 U3 HUX (DOPMBI — 3TO OPUTHHAIBHAS MOJIETbHAS TOMYIISIIIUS
JUIsl OLIEHKHU HBOJIIOLIMOHHBIX U3MEHEHUH, MPOUCXOIAIINX
B IIpoIlecce aJanTalul MEXPOJOBBIX THOPHUIOB, CXOIHBIX
10 TEHOMHOMY COCTaBY € MSTKOH MIIEHHIEH, K pa3TnIHbIM
9KOJIOTO-reorpadgpuyecKkuM ycioBusiM. OHU TPEICTaBISIOT
c000¥1 IIEHHBII TeHEeTHYECKUIl pecype Ul pacIMpPEeHUs Te-
HO(OH/1a MSITKOM MIIEHUIIBI ¥ €€ CEEKIIHOHHOTO YITyIIIECHHS
HE TOJBKO MO PACCMOTPEHHBIM B 3TOH CTAaThe MPU3HAKAM, HO
1 110 YyCTOHYUBOCTH K PA3IMYHBIM BPEIOHOCHBIM OOJIE3HSIM.
B Hacrosiiiee BpemMsi HaMH 3aBEpIIEHO M3yueHHE 00pas3LoB
CI'TI mo ycToiuMBOCTH K MOIYIISIIASAM Oypoil pykaBUMHBL, CO-
OpaHHBIM B pPa3IMYHBIX peruoHax Poccuu, a Takke co3/laHbl
naunun F—F, mokonenuii caMoONbUIEHHs OT CKPEIMBaHMs
OTEYECTBEHHBIX COPTOB O3MMON MSTKON MIIEHUIBI C OT-
nenbHbiMu oOpasnamu CI'TI ¢ 1enbio nmojydeHus: HOBOro
MCXOJHOTO MaTeprayia 03MMOT0 U SPOBOTO THUIIOB Pa3BUTHUS
JUISL CEJIeKINH. DTH JAHHBIE OyTyT U3JI0’KEHBI B IO CIISTYOIIHX
MyOIHMKALHSX.
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Biological and economic characteristics of the allotetraploid
with genomic formula DDA"AY from the cereal family
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The synthesis of new allopolyploid cereal genotypes is an important task aimed at involving new genetic re-
sources in breeding programs. Diploid species of the genera Triticum and Aegilops — bread wheat relatives — are
an important source of agronomically valuable traits. A tetraploid synthetic with genomic formula DDA"A"Y was
obtained by N.A. Navruzbekov through crossing Aegilops tauschii Coss. and Triticum urartu Thum. ex Gandil. The
purpose of this work was to study the chromosomal composition and biological and commercially important
traits of the tetraploid. Cytogenetic analysis using fluorescent in situ hybridization showed the presence of all
chromosomes of the D genome in the chromosomal complement of the synthetic. By means of stepwise verna-
lization, the winter habit was established for the tetraploid synthetic with the optimum vernalization requirement
of 45 days. Under greenhouse conditions, two groups of genotypes were found whose flowering dates differed by
6.5 days, which may indicate an allelism at the Vrn-3 locus. The coloring of various organs of the tetraploid plant,
such as coleoptile, stem, anthers, and glumes of the spike, was revealed. The coloration of the aleurone layer of
the grain may indicate that the donor species T. urartu is a carrier of the Ba gene that controls its blue color. A new
morphotype of leaf pubescence was found. In terms of productivity, the tetraploid is comparable to bread wheat.
Grains are characterized by a supersoft structure and high wet gluten content, from 39-45 to 65 %, in the field
and greenhouse conditions, respectively. Thus, the tetraploid can be used to create new wheat genotypes as a
source of untapped genetic diversity, as well as a new genetic model for studying the patterns of evolution of
polyploid plants.

Key words: Triticum urartu; Aegilops tauschii; synthetic allotetraploid; growth habit; flavonoid pigmentation; leaf
and spike morphology; yield components; technological properties of grain and flour.
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Buosiornyeckue 1 X0351/iCTBEHHbIE XapaKTEePUCTUKN
aJUI0TeTpaIrvionaa 13 ceMeliCTBa 3/IaKOBBIX
C TeHOMHOI popmyioii DDAUAU

K.V. KypKI/IeBl, N.I. A,A,OH]/IHaZ, M.X. raA)KI/IMaI'OMEAOBal, A.B. H_[yKI/IHaz, T.A. TMurennunnkosaZ @

L [larectaHckas onbiTHasA cTaHuuaA — punman OefepanbHOro NCCiefoBaTeNbCKoro LieHTpa Bcepoccninckunin MHCTUTYT FreHeTUYeCKnX pecypcoB pacTeHuin
M. H.W. BaBunosa (BWP), flepbeHT, Poccusn

2 DepepanbHbIN NCCIENOBATENLCKUI LIEHTP VIHCTUTYT LMTONOTMV 1 reHeTKi CUBMPCKOTo OTaeneHs POCCUICKON akafemMnu Hayk,
Hosocnbupck, Poccusa

® e-mail: wheatpsh@bionet.nsc.ru

CrHTe3 annononnMIoNAHbIX FreHOTUMNOB 3/1aKOB — BaykHaA 3afjaya, HaLeneHHas Ha BOB/leUeHe B CeNIeKLMOHHble
Nporpammbl HOBbIX FeHETUYECKNX pecypcoB. AunnongHole Buabl poaos Triticum n Aegilops, copoguuein MArkon
nweHunubl, — CyLLlECTBGHHbII;I NCTOYHUK arpoOHOMUYECKN LLeHHbIX MPU3HaKOB. TeTpaI'IJ'IOVIp,HbIVI CUHTETUK (FEHOM-
Has ¢opmyna DDAYAY) 6bin nonyueH H.A. HaBpy36eKkoBbIM nyTem ckpelurBaHus Bugos Aegilops tauschii Coss. n
Triticum urartu Thum. ex Gandil. Llenbto HacToALlen paboTbl 6bIIO M3yyeHMe XPOMOCOMHOrO cocTaBa, bronoru-
YeCKMX 1 XO3ANCTBEHHO BaXHbIX MPU3HAKOB TeTpanionga. LintoreHeTnyecknin aHanus ¢ Mcnonb3oBaHmem ¢pnyo-
pecueHTHON rMbpuamn3saLnm in situ nokasan NPUCyTCTBME BCEX XPOMOCOM reHoma D B cocTaBe reHOMa CUHTeTHKa.
C noMOLLbI0 CTYNEHYATOW APOBM3aLIMMN YCTAaHOBIIEH 03VMbI 06Pa3 XKN3HU PaCcTEHWIN TETPANIONAHOIO CUHTETMKA
C ONTUMAasNbHOW NOTPEGHOCTLIO B ApOBU3aLuK B 45 fiHel. B ycnoBursAX Tennnubl 0O6Hapy»KeHO fBe rpymrbl FeHOTU-
NoB C pasHuLen No AaTe LBeTeHUA B 6.5 fHEN, YTO MOXET yKa3biBaTb Ha annenusm no nokycy Vrn-3. Hanuune ax-
TOLMAaHOBOW OKpacKy KoneonTune, CTebns 1 MblIbHUKOB NpeanosiaraeT perynsaymio 3Toro npusHaka JOMUHaHT-
HbIMUK annenAamu NoKycos Rc-1, Pc-1 n Pan-1. OKpacka aneinpoHOBOro C/105 3€PHOBKM MOXeT CBMAETENIbCTBOBATb
0 TOM, UTO AOHOPCKUA BuA T. urartu ABNAETCA HOCMTENeM reHa Ba, KoHTponupyiowero ronybyto okpacky. bbin

© Kurkiev K.U., Adonina I.G., Gadjimagomedova M.Kh., Shchukina L.V., Pshenichnikova T.A., 2019



K.Y. Kypkues, W.I. ApoHunHa, M.X. Tagxrnmaromesosa
J1.B. LLyknHa, T.A. MNMweHnYyHMKOBa

2019
23:6

Brionormueckrie 1 Xxo3anCcTBEHHbIE XapaKTeEPUCTUKM
annoTeTpanionaa 3MakoBbix ¢ reHoMHon dopmynoin DDAYAY

Tak>Ke 0OHapy»keH HOBbIi MOPPOTMN onyLeHNA NrcTa. Mo NoKasaTenam NPOAYKTUBHOCTU TeTpaniouns conocTa-
BVM C MATKOW MleHnLen. 3epHO XapaKTepn3yeTca CynepMArkon CTPYKTYPOW, BbICOKMM COAEpPXaHeM Cblpoi
KNeMKOBUHbI — OT 39-45 10 65 % — B MONEBbIX U TEMIMYHbBIX YCIOBMAX COOTBETCTBEHHO. TakM 06pa3om, TeTpa-
nnouna Moxet GblTb UCMNONb30BaH MNPU CO3AAHMUN HOBbIX FTEHOTVMNOB B CENIEKLUM MWEHMULbI KakK MCTOYHUK eLle He
OCBOEHHOTO reHeTUYeCKoro pasHoobpasus, a TakKe Kak HoBasA reHeTuYecKas Mofenb AnA NCCNefoBaHUsA 3aKo-

HOMEPHOCTEN 3BOIOLMN MNONUMIOUAHBIX PACTEHNNA.

KnioueBble cnosa: Triticum urartu; Aegilops tauschii; cuHTeTMYeCKMIn annoTeTpannouns; obpas *un3sHu; pnaBoHons-
HasA NMrMeHTauma; Mopdonornyeckre Npr3Hakn NNCTa U KONoca; CTPYKTYPa ypoxas; TEeXHOJIOrMyecKre CBOCTBa

3€pHa N Myku.

Introduction

The highland areas of the Caucasus are natural habitats of
diploid species of the genera Triticum and Aegilops, which
gave rise to cultural allopolyploid species of wheat. In the
second half of the 20th century, many attempts were made
to synthesize the new types of allopolyploids in order to
engage in breeding and, subsequently, in economic acti-
vity, the new genetic resources from diploid species of the
above mentioned genera. The tetraploid synthetic with a
genomic formula DDAYA" was obtained by N.A. Nav-
ruzbekov (1982) by crossing Aegilops tauschii Coss and
T urartu Thum. ex Gandil. The character of meiosis was
studied in amphidiploid and the karyotype was shown to
do be stabile (Aminov, Navruzbekov, 1985). A similar
hybrid with the participation of other initial samples of
these species was named 7. erebuni Gandul. (Gandilyan,
1984). These tetraploids, as well as the tetraploid species
T. palmovae G. Ivanov (APAPDD) carrying the genome A
from the species 7. boeoticum Boiss., are very limitedly
involved in the researches of both applied and fundamental
nature. Only the information about the use of two species as
donors of fungal disease resistance genes in common wheat
is available (Babayants et al., 2012; Davoyan et al., 2018).
The biological characteristics of these tetraploid has not yet
been conducted in more details. At the Dagestan experi-
mental station of VIR allotetraploid of N.A. Navruzbekov
with the genomic formula A*AYDD (AT Navruzbekov)
is being maintained and successfully propagated. In this
work, the chromosomal composition and biological and
economically important traits were studied.

Material and methods

The tetraploid was obtained by a direct hybridization of
diploid species Ae. tauschii and T. urartu Thum. ex Gandil.
followed by colchicine treatment of the roots of F| hybrids
(Navruzbekov, 1982).

Tetraploid plants were studied under natural conditions in
the city of Derbent (Dagestan) at the experimental station of
the VIR branch (St. Petersburg) and under the hydroponic
greenhouse conditions of the Institute of Cytology and
Genetics of the Siberian Branch of the Russian Academy
of Sciences (Novosibirsk). The field study was conducted
in a dry subtropical climate of Dagestan, in the southern
plane zone. The average annual temperature of the area
is +1...—1.4 °C with an annual amount of precipitation of
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400-500 mm, 80—90 % of which falls in the autumn-winter
period. Summer is hot and dry. Productivity indicators
were studied in 2018 on a random sample of 20 plants.
Plants were analyzed individually; spike morphology and
productivity were assessed on the main spikes. In the hydro-
ponic greenhouse the plants were grown on artificial soil,
expanded clay, with daily double top dressing with Knop
solution and under 14-hour lighting; day/night tempera-
tures are 18/20 °C before and 20/22 °C after tillering. To
determine the growth habit, the plants were grown without
vernalization and under 30, 45, and 60 days of vernalizing
at +4 °C. The seedlings were sown in bathtubs filled with
expanded clay, 7-10 plants in a row with a length of 1 m.
The observations were carried out for to the following traits:
the day number from seedlings to flowering, the presence
of pigmentation and pubescence on the plant organs, spike
shape and awnedness, productivity indicators, technologi-
cal properties of grain and flour.

Fluorescent in situ hybridization (FISH) was performed
according to a previously published procedure (Salina et
al., 2006). For the identification of chromosomes, pSc119.2
and (Bedbrook et al., 1980) and pAs1 (Rayburn, Gill, 1986)
probes labeled with the nick-translation reaction were used.
The pubescence of the leaf surface was studied in micro-
photographs of the folds of boot leaves according to the
procedure described previously (Genaev et al., 2012). Grain
was studied for the nine technological indicators using the
methods recommended for variety testing of agricultural
crops in Russia (Methods of State Tests of Crops, 1988),
with modifications for small portions of grain. Raw gluten
content was determined manually from the whole meal us-
ing a micro-method based on the state standard of the Rus-
sian Federation (State Standard R 54478-2011..., 2012).
The diameter of the flour particles (um) was determined
on a PSH-4 device. Physical properties of dough: tenacity
(mm), extensibility (mm), the balance of dough and flour
strength (u.a.) were determined on a Chopin alveograph
with 50-g mixer. Gluten content was determined in grain
grown in greenhouse and under field conditions, the other
parameters — in grain of field origin grown in Dagestan.

Results

Chromosomal composition. The analysis of the metaphase
chromosomes of a tetraploid sample by the FISH method
was carried out with the pSc119.2 and pAs| probes, which

747



K.U. Kurkiev, 1.G. Adonina, M.Kh. Gadjimagomedova
L.V. Shchukina, T.A. Pshenichnikova

Fig. 1.
of the D-genome chromosomes of DDA"AY tetraploid.

Identification by fluorescent in situ hybridization (FISH)

Red signal — pAs1 probe, marking D-genome; green — pSc119.2 probe.

are most often used to identify chromosomes in wheat and
anumber of other cereals including the donors of the B and
D genomes of polyploid wheat — Ae. speltoides Tausch.
and Ae. tauschii Coss. (Badaeva et al., 1996; Schneider et
al., 2003). The pSc119.2 probe hybridizes mainly with the
chromosomes of the B genome of polyploid wheat, and the
pAsl sites are localized mainly on the chromosomes of the
D genome. In the result of the study the sample was found
to be a tetraploid synthetic wheat (2n = 28, DDAA), car-
rying 14 chromosomes of the D genome in the karyotype
(Fig. 1). The sites of hybridization with pAsl were also
found at the ends of the long arms of one of the A-genome
chromosome pair, which does not contradict the results of
(Badaeva et al., 2015). The presence of the separate pAs1
blocks on different chromosomes of diploid species wheat
were showed. The pSc119.2 probe is localized on the short
arms of chromosomes 2D and 5D, which corresponds to
the previously obtained data for Ae. tauschii (Badaeva et
al., 1996). The Fig. 1 also contains a pair of submetacen-
tric chromosomes of genome A with pSc119.2 signals in
subtelomeric regions of short arms. According to previous
studies, pSc119.2 sites on the A chromosomes are few. In
tetraploid and hexaploid wheats this tandem repeats can
be localized at SAS and 4AL chromosomes (Schneider
et al., 2003; Kubaldkova et al., 2005). In diploid wheat,
pSc119.2 almost does not occur. However, E.D. Badaeva
et al. (2015) reported on the localization of this probe on
a long arm, presumably on 2A chromosome, in one of the
samples of 7. boeoticum. Consequently, it is quite possible
that the sample of 7. urartu that participated in the obtaining
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of Navruzbekov’s AT carries pSc119.2 sites on the short
arms of one of the pairs of submetacentric chromosomes,
of genome A possibly 5A.

Determination of growth habit. Growth habit and pace
of development determine the adaptation of the genotype
to environmental conditions through the timely formation
of generative organs and successful seed reproduction.
Under the conditions of Dagestan, tetraploid was sown in
the fall. Due to the mildness of the climate it was not pos-
sible to determine the genetic status of vernalization genes.
An experiment in the greenhouse showed that without
vernalization and with 30-day vernalization, the plants do
not pass to the generative phase. The most effective terms
of vernalization were 45 and 60 days. This suggests that
the sample carries the recessive alleles of the Vin-417 and
Vrn-D1 genes. The winter growth habit was also noted in
synthetic allotetraploid 7. palmovae (DDAPAP) (Ivanov,
1984). The vernalized plants studied in the autumn and
spring seasons under greenhouse conditions separated into
two groups according to the flowering time. In the first
group, the number of days was 40.5, while in the second
group it was 46.8 days (the differences are significant at
p =0.0014). This may indicate that the sample carries dif-
ferent alleles of the Vin-3 locus in the chromosomes of the
7th homoeological group responsible for the “fine tuning”
of the time of transition to flowering during the growing
season, or other minor loci responsible for the timing of
flowering per se.

Coloration of plant organs. Flavonoid pigments were
synthesized at various stages of ontogenesis by various
plant organs of the tetraploid synthetic. Their role in life
processes is associated with adaptive responses to many
abiotic and biotic stresses. The anthocyanin pigmentation
was found on the coleoptile, stem and anthers (Fig. 2, a, b).
These dominant traits in common wheat are controlled
by Ra, Pc-1 and Pan-1 loci in the chromosomes of the
7th homoeological group (Khlestkina, 2012). Bright and
stable color indicates a good expression of these genes
in tetraploid. Among these genes, the genes of the 7D
chromosome have the highest expression in bread wheat
and are probably also determined by the D genome in the
tetraploid. The ripened grain had a very rare blue color
of the aleurone layer both in the field and in greenhouse
conditions (see Fig. 2, ¢). Previously, the Ba gene that de-
termines this trait was localized on chromosome 4A of the
species 1. boeoticum (Singh et al., 2007). No such genes
were found in the D genome (Khlestkina, 2012). Thus, it
can be assumed that the species 7. urartu, which donated
the genome to the synthetic tetraploid AT Navruzbekov, is
the carrier of the dominant allele of this gene.

The tetraploid had colored spike glumes; the trait was
well manifested in the field conditions but rather weakly
in the greenhouse (see Fig. 2, d). This dominant trait in
polyploid wheat is controlled by a series of homoeoallelic
genes Rg-1 in the chromosomes of the 15t homoeological
group (Khlestkina et al., 2006). Among the diploid species,
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S29 Tetraploid

S29 Tetrploid

Fig. 2. Flavonoid coloration of different organs in DDAYA" tetraploid.
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Spike coloration: 7 - in green-house; 2 - the same in field conditions, Derbent; 3 — uncolored spike of hexaploid wheat. S29 - hexaploid cultivar Saratovskaya 29.

Explanations in the text.

Average values and variability of yield components of A“A'DD tetraploid un field growing

on Dagestan experimental station (Derbent town)

Statistical Plant height, Spike length, Number Spike Number Grain weight 1000 grain Grain

parameter cm cm of spikelets  density of grains in main spike  weight plumpness,
in spike in main spike score

(X£Sx) 1285+£5.62 11.6+0.17 18.5+0.50 19.4+0.50 31.5+1.81 1.2+0.05 38.1 4.1+0.08

Max 139.5 13.5 21.0 224 39.0 1.5 421 5.0

Min 1154 85 17.0 17.0 19.0 0.8 385 3.0

the occurence of this trait has not been specifically studied.
However, it is known that among the varieties of bread
wheat the dominant allele is more common in elevated
areas and in areas with a cold climate (Yakubtsiner, Savit-
sky, 1947). The allele of Rg-DI gene (chromosome 1D)
which determines the gray-smoky (subsp. cesium) color
of spikelet glumes is characterized of bread wheat. Earlier
it was shown that Ae. tauschii species carries another than
in bread wheat varieties allele of this gene, which gives a
dark brown color (Pshenichnikova et al., 2005).
Morphobiological characteristics of the ear. Interest-
ingly, that the studied genotype is close to a bread wheat
in terms of the spike shape and density (see Table 1). It is
well known that the A genome of the hexaploid precursor
of bread wheat 7. spelta carries the O gene, which deter-
mines the speltoid form of the spike (Matsuoka, 2011). It
can be assumed that the A"A" genome of the tetraploid
under study carries an allele of this gene that does not affect
the shape of the ear, and its relatively poor threshability
is more closely linked to the 7g gene in chromosome 2D
(MclIntosh et al., 2013). The spike of Navruzbekov’s AT is

AKTYANbHbIE TEXHONOT UMW FEHETUKN PACTEHUIA / MAINSTREAM TECHNOLOGIES IN PLANT GENETICS

awned which is generally characteristic of wild and poorly
cultivated relatives of common wheat.

Leaf blade pubescence and the presence of wax in
plants. The presence of pubescence on the leaf blades was
a characteristic feature of the AT Navruzbekov. Its morphol-
ogy differed from the pubescence in bread wheat (Fig. 3). It
was long, tough to the touch and rather rare. The adaptive
significance of this trait is associated with a protection from
damage by leaf-eating insects, as well as with the influence
on the energy balance and gas exchange of the leaf by
changing the thickness of the air boundary layer adjacent
to its surface (Schuepp, 1993). The pubescence protects
the photosynthetic apparatus of the leaf from excessive
solar radiation and is especially common in plants whose
growing areas are steppes, deserts, high mountains and
tundra (Johnson, 1975). To date, the genes of bread wheat
have been identified in chromosomes 4B and 7B (McIntosh
et al., 2013), as well as in chromosome 5A of the diploid
and tetraploid species T monococcum and T. timopheevii
(Jing et al., 2007; Pshenichnikova et al., 2019). Such genes
have not yet been found for the D genome. We assume that
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1 2 2
Saratovskaya 29 Tetraploid DDA"AY
Fig. 3. Microphotograph of booting leaf folds of the hexaploid wheat
Saratovskaya 29 (S29) and tetraploid DDA"A".
Leaf surface: T — upper; 2 - bottom.
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Fig. 4. Hand-washed gluten obtained from the whole meal of grain of
DDAVA tetraploid.

S29 - Saratovskaya 29.

the studied genotype is the carrier of a new gene from this
genome. Earlier, we showed that among the samples of
Ae. tauschii some carry the longest leaf pubescence; this
expression level of the trait was inherited by the allopoly-
ploid 7. palmovae, which carries the D and AP genomes
(Pshenichnikova et al., 2017).

The plants of the sample studied were completely wax-
less. All einkorn wheats are the same (Tsunewaki, Ebona,
1999). No the inhibitor gene has been yet detected respon-
sible for wax formation on einkorn wheat organs, however,
the inhibitor gene is known on chromosome 2D (MclIntosh
etal., 2013).

Economically important traits. For plant height wheat
the amphidiploid may be attributed to the intermediate
forms, its average straw length is 128.5 cm (see Table).
The straw is tough, but lodging resistance is low (3 points
of the scale). The length of the ear varies from 8.5 to
13.5 cm. The spike and flower glumes are tough, with poor
threshing. Ear density is average. The average weight of
grains per spike is 1.2 g, the maximum number of grains
per spike is 39. Visual evaluation of grain plumpness was
4,1 points out of 10 possible (see Table). This suggests a
lack of uniformity of grain surface (see Fig. 2, ¢). However,
the grain is quite large: thousand-grain weight of the main
spike was 38.1 g under field conditions (see Table), and
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during the technological analysis of grain yielded in 2017
and 2018 it consisted 33.7 g on average.

Technological properties of dough. Technological
properties of grain are the most important breeding charac-
teristics that determine the production purpose of the
harvested crop. For the first time in this work, the techno-
logical properties of synthetic tetraploid were studied. One
of the main technological indicators in the classification
of grain according to the production classes in Russia is
gluten content in grain. This parameter was studied both
in greenhouse and field grain. It turned out to be very high
(Fig. 4). In the first case, the content was 65 %. In field
conditions this figure was: in 2017 —39 %, in 2018 — 45 %.
Thus, A*AUDD tetraploid can be a source of improvement
of this trait in breeding. The genotype may be characte-
rized as soft-grained as the diameter of flour particles was
8.7 microns with a total grain vitreousness of 50 %. Such
flour can be described as supersoft. Possibly, the tetraploid
is the carrier of the dominant alleles of the Ha loci in both
5A and 5D chromosomes which synthesize the complete
proteins PinA and PinB, providing the soft endosperm
structure. This is characteristic of diploid ancestral species
of wheat T. monococcum and Ae. tauschii (Gautier et al.,
2000). It should be noted that the tetraploid species with the
genomic composition BBAA completely lost the dominant
alleles of the genes Pina-A 1 and Pina-D1 and the DDA'AY
tetraploid under study is unique in this respect. With its help
it is possible to transfer into the bread wheat the dominant
allele of Pina-Al gene from 5A chromosome, lost in the
process of polyploidization. The physical properties of
flour (on alveograph) were characterized by relatively
high elasticity but low extensibility. The ratio of these
rheological parameters was 6.1, which brings the tetraploid
closer to durum wheat with the genomic composition
of BBAA.

Conclusion

Estimating the breeding value of AT Navruzbekov it can be
concluded that due to the noted shortcomings (lodging, poor
threshing, low productivity, etc.) its direct use in production
is not advisable. At this stage, it is necessary to determine
the possible ways of transferring the identified valuable
traits to a genotype that is more adapted to industrial culti-
vation or to obtain a new improved form on the basis of the
amphidiploid. At present, there is only one paper concern-
ing crossability of this tetraploid with certain samples of
wheat, Aegilops and rye (Navruzbekov, 1984). It indicates
that the best seed setting and germination is observed under
hybridization with a cultivated emmer (over 80 %). With
bread wheat this parameters are slightly lower. Seed setting
under crossing with rye and various samples of Aegilops
up to 10 %. These studies indicate the possibility of car-
rying out the breeding works with this tetraploid. Newly
developed allopolyploids are of considerable interest for
basic research. They simulate the processes of evolution
occurring through polyploidy that is resulted in a simul-
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taneous restructuring of the interactions between many
genetic networks that existed in separate genomes. These
processes largely determine both the adaptive capabilities
and the future of the new genotype. The combination of
the genomes A and B in cereals was very successful for
the formation of a cytogenetically stable tetraploid, which
adapted to environmental conditions and later gave rise to a
large spectrum of species with the genomic formula BBAA.
Later, the addition of the D genome was also evolutionarily
favorable and gave the hexaploid 7. aestivum, which spread
widely across the globe.

A comprehensive study of artificial allopolyploids ob-
tained in previous years, including by means of new mo-
lecular genetic technologies, will make it possible to master
new genetic resources for practical purposes and create new
genetic models for studying the patterns of plant evolution
through polyploidy. The results obtained in this work indi-
cate the prospects for a deeper genetic and breeding study
of the Navruzbekovs’ allotetraploid.
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Male sterility in potato is little studied since traditional breeding is based on the vegetative reproduction of highly
heterozygous tetraploid varieties. The rapid development of hybrid diploid breeding contributes to growing inte-
rest in studying the male sterility of this important crop. In this work, a set of 6 cytoplasmic markers was employed
to describe cytoplasmic genetic diversity of 185 potato cultivars bred in Russia and FSU countries. Three cytoplasm
types were identified, T (40.0 %), D (50.8 %) and W/y (8.7 %), which according to literature are associated with male
sterility. With a single exception (0.5 %), cytoplasm types characteristic of male fertile forms (A, P) were not found in
the subset of 185 cultivars. A comparison of these results with previously published data suggested expanding the
subset to up to 277 cultivars, all developed in Russia or FSU countries; however, the resulting differentiation into
three cytoplasm types (T, D and W/y) was nearly the same. Fertility phenotyping helped identify both male-sterile
and male-fertile genotypes within the three groups of varieties with T-, D- and W/y-type cytoplasm. Fifteen geno-
types differing in cytoplasm type and male sterility/fertility traits were selected for direct sequencing of 8 mtDNA
loci. Fragments of the nad2, nad7, cox2, atp6 and CcmFc genes were identical in all 15 selected genotypes. The
polymorphism, detected in the rps3, atp9 and CcmFc loci, was not associated with male sterility. Two SNPs in the
nad1/atp6 and nad2 loci differentiated 7 genotypes with W/y-type cytoplasm into five genotypes with tetrad steri-
lity, and two with fertile pollen. The results of an NGS analysis confirmed the association of these SNPs with tetrad
sterility in a larger set of 28 genotypes of different origin, all with W/y-type cytoplasm. A heteroplasmy state was
observed both in male-sterile and in male-fertile genotypes.
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My>KCKasi CTeprIIbHOCTb Yy KapTodensa ManonsyuyeHa, NoCKobKy TPagULMOHHOe KapTodeneBoACTBO OCHOBbIBAETCSA
Ha BereTaTViBHOM Pa3MHOXEHWM BbICOKOreTepPO3UroTHbIX TETPANIOAHbIX COPTOB. bbicTpoe pa3sutre gunnong-
HOW rMbpuaHon cenekummn Kaptodens obycnoBnMBaeT BO3pacTaHe NHTepeca K N3yUYEHNI0 My»KCKOI CTEPUIBHO-
CTN y 3TOW BaXKHOW KynbTypbl. B HacTosALen paboTe oxapakTeprn3oBaHO reHeTUuYeckoe pasHoobpasve no Trnam
umTonnasm 185 copToB KapTodens cenekumm Poccrm 1 cTpaH 6nmkHero 3apy6exbs ¢ MCNob3oBaHNeM Habopa 13
LecTn umTonasmaTnyecknx mapkepos. Copta BblI6opKU Gbinv AnddepeHumnpoBaHbl Ha Tpy rpynnbl ¢ T (40.0 %),
D (50.8 %) n W/y (8.7 %) Tunamm LuTonnasm, KOTopble, COrfIacHO NMTePaTYPHbIM JaHHbIM, aCCOLMMPOBaHbI C My»-
CKOW CTePUNIbHOCTbIO. 3a eANHMUYHbIM UcKodeHneMm (0.5 %), TUMbl LUTOMNA3M, XapaKTepHble A1 MyXXCKopepTusib-
HbIX dopm (A, P), B U3yueHHOI BbIGOPKe He HaliieHbl. COMoCcTaBIeHNe NoJTyYeHHbIX Pe3ynbTaToB C paHee ony6nu-
KOBaHHbIMV AaHHbIMY NO3BOIASIO PACLIMPUTbL BbIGOPKY A0 277 OTeUECTBEHHbIX COPTOB, OAHAKO AnddepeHUraums
Ha Tpu Tna umtonnasm (T, D, W/y) coxpaHunacb. Ha ocHoBaHuM pe3ynbTaTtoB $eHOTUNM3aumm Cpean copToB C
T-, D- n W/y-Tvinamu umtonnasm 6biiv BbiBAIEHbl HE TONIbKO MY>KCKOCTEPUIIbHBIE, HO U GpepTuIibHbIe TeHOTHNbI.
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Cytoplasmic genetic diversity
of potato varieties bred in Russia

Y 15 oTo6paHHbIX reHOTUMOB, PA3/INYAIOLMXCSA MO TUMY LUTOMIA3M 1 NPU3HaKY My»CKOI CTepuibHOCTU/bepTinb-
HOCTU, METOLOM NPAMOTrO CEeKBEHMPOBaHKA Gbl MPOAHANN3UPOBaHbl BOCEMb JIOKYCOB MT-TeHoMa. PparmeHTbl
MT-reHoB nad2, nad7, cox2, atp6, CcmFc 6binn AEHTUYHBI HE3aBUCUMO OT TUMa LMTOMJIa3Mbl U MY»KCKOI CTEPUITbHO-
CT/bepTrnbHOCTN COPTOB. MIHAEeN/3aMeHbl HYKNeoTaoB B IOKycax rps3, atp9, CcmFc He Gbinv accoumMmpoBaHbl
C MPU3HAKOM MY>KCKOW CTepUNbHOCTU. Ha orpaHmnyeHHo BbI6opKe 13 cemun obpasuos ¢ W/y-Trnom Lutonnasmbl
6blM1 BbIAIBNEHbI PA3NNUWsA FEHOTUMOB C TETPAAHOW MY>KCKOW CTEPUIBHOCTbBIO 1 C GepTUIbHOW MblIbLON MO ABYM
O[JHOHYKNeOTWAHbIM 3aMeHaM B noKycax nad1/atp6 n nad2. Pesynbtatel NGS-aHanv3a NnoaTBepAnIv accoumaumio
311X SNP-BapraHTOB C TETPALHON MY>CKOI CTEPUIbHOCTBIO Ha Bonbluelt Bbibopke 13 28 o6pasyos ¢ W/y-Tunom
LTOMNa3Mbl PasfIMYHOrO MPONCXOXKAEHNSA. [1oKa3aHo, YTo reTepornyiasMaTyeckoe COCTOAHUE XapaKTepHO Kak
[J1A FEHOTUMNOB C TETPAAHON MY>KCKOW CTEPUIIBHOCTbIO, TaK 1 A1l TEHOTUMOB C My»CKOW GepTUIIbHOCTbIO.
KnioueBble cnoBa: KapTodernb; Solanum; My»cKas CTePUIIbHOCTb; TWMbI LUTOMNIa3M; MONEKY IsIPHbIE MapKepbl.

Introduction

In more than 300 years, covering the breeding history of potato
(Solanum tuberosum) outside South America, where it was
domesticated, thousands of cultivars have been developed
by breeders; they are presently cultivated in nearly 150 coun-
tries. This 300-year period may be divided into three stages:
(1) the breeding process of the 18th—19th centuries, based
on a restricted genetic diversity of relatively not numerous
South America’s indigenous cultivars introduced to Europe;
(2) beginning from the early 20th century, targeted crossing
of cultivated potato with wild species in order to introgress
R genes, first of all, conferring resistance to fungal and viral
pathogens; and (3) the third phase that we are now standing
witness to is marked by the emergence of essentially novel
trends in potato breeding: cysgenesis, genome editing, and
diploid hybrid breeding. The latter trend, based on crossing
inbred diploid lines in order to obtain in plenty hybrid seeds
(true potato seeds, TPS) of heterotic F, hybrids, manifests a
radical change of the paradigm in the breeding new potato
varieties and in their reproduction (Lindhout et al., 2011;
Jansky et al., 2016).

The rapid development of diploid hybrid breeding is coup-
led with the prospects to cardinally shorten the duration of
the breeding process and reduce the costs of producing and
multiplying healthy clones (Lindhout et al., 2011, 2018;
De Vries et al., 2016; Jansky et al., 2016), because most of
potato pathogens are not transmitted with pollen or TPS. The
onset of diploid hybrid breeding called for a need to study ge-
netic bases of self-incompatibility (Phumichai et al., 2005) and
inbreeding depression in potato (Zhang et al., 2019) in order
to obtain inbred diploid lines, as well as to promote research
on male sterility and CMS-Rf genetic systems, aimed at the
development of effective interline hybridization techniques
(Anisimova, Gavrilenko, 2017). Previously, those challenges
have had not been so relevant, so far as the conventional po-
tato production is based on vegetative reproduction of highly
heterozygous tetraploid cultivars.

Some few publications have addressed the problems of
male sterility in potato, despite the fact that this trait is quite
frequent in improved cultivars. There are several known types
of mail sterility in potato:

(1) Genetic-cytoplasmic male sterility (Grun et al., 1962),
expressed as various abnormalities in the development of
reproductive organs and as the plant’s inability to set berries,
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which is caused by interactions between dominant alleles
of nuclear genes responsible for male sterility (for example,
Ms gene) and genetic factors of the T (Tuberosum) type of
cytoplasm (Grun et al., 1977; Iwanaga et al., 1991);

(2) Functional male sterility, when plants produce mor-
phologically normal, well stainable, but non-functional
pollen grains. This type of sterility has been described for
hybrids, breeding clones and cultivars with the cytoplasm of
wild Mexican species, S. demissum (Dionne, 1961; Hosaka,
Sanetomo, 2012);

(3) Cytoplasmic male sterility (CMS), expressed in certain
interspecies combinations. For example, virtually all studied
cultivars and breeding clones with the cytoplasm of another
wild Mexican species S. stoloniferum can participate in crosses
only as female parents (Ross, 1986; Lossl et al., 2000; Song,
Schwarzfischer, 2008), because they manifest tetrad sterility
(tetrads do not disintegrate in the end of microsporogenesis,
and over the entire process of subsequent microgametogenesis
microspores remain united into ‘permanent tetrads’). Using the
method of metabolic profiling on anthers, it has been shown
that tetrad sterility is associated with an abrupt disorder of the
carbonic exchange in anthers, mainly as far as the polysac-
charide spectrum is concerned, and the metabolism of amino
and fatty acids (Shishova et al., 2019).

Among the carriers of the above-mentioned cytoplasm
types, genotypes with male fertility occur with varied fre-
quency. For example, H. Ross (1986) reported that a third of
the varieties with the most widespread T-type cytoplasm were
unable to develop berries. Studying the genetic control of
fertility restoration resulted in identifying the nuclear Rt gene
(a male fertility restorer gene) that can result in the recovery
of male fertility in the T-type cytoplasm holders (Iwanaga et
al., 1991; Ortiz et al., 1993). These authors reported a wide
distribution of functional Rt gene alleles in the breeding
gene pool. At the same time, the R¢ gene, same as the nuclear
Ms gene, has not been relevantly studied at the molecular
level. Japanese researchers have screened hybrids and breed-
ing clones carrying the S. demissum cytoplasm and selected
genotypes that function in crosses as pollinators, which may
be associated with effects of nuclear-cytoplasmic interactions
(Sanetomo et al., 2011). At the same time, R. Ortiz et al.
(1993, 2009) failed to detect the Rt or Ms genes among the
samples with D-type cytoplasm. Recently, using the methods
of comparative genomics, homologs of RFL-PPR genes were
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identified in potato and their structural polymorphism was
studied (Anisimova et al., 2019).

The data on structural rearrangements analysis of the
mtDNA loci associated with the sterilizing cytoplasm of the
wild Mexican species S. stoloniferum (Lossl et al., 1999)
and the S. demissum (Sanetomo, Hosaka, 2011, 2013) are
quite sporadic. At present, the potato cytoplasm types are
identified with marker-assisted selection techniques, using
organelle DNA markers (mitochondrial (mtDNA) and chlo-
roplast (cpDNA)).

Plastid DNA markers. The first data concerning cpDNA
polymorphism in potato species were obtained using restric-
tion and RFLP analyses. As a result, the T-type of cpDNA
was identified, with the 241 bp specific deletion in the ndhC/
trnV locus, and 4 more types, differing in the restriction
sites BamHI, HindIII and Pvull (Hosaka, 1986, 2003). The
initial classification was later revised, so five main cpDNA
types are now recognized in potato: A, C, S, T and W. Their
identification requires employment of the entire package of
SSR, STS and CAPS markers from the set of K. Hosaka and
R. Sanetomo (2012) (Fig. 1).

Mitochondrial DNA markers. The mtDNA polymorphism
was first reported for potato species using the data of RFLP
analysis, which resulted in identifying there major (., B, y) and
two minor (9, €) types of mtDNA (Lossl et al., 1999). Later,
PCR primers were developed, with specificity to the regions
of mt-genes atp6, cob and rps10, which detect a, § and y types
of mtDNA (Léssl et al., 2000). In time, it became clear that
only one pair of primers, ALM_4/ALM 5 (specific to rps10
mtDNA locus) was enough to identify major mtDNA types
from the marker’ set developed by A. Lossl et al. (2000) (Song,
Schwarzfischer, 2008; Hosaka, Sanetomo, 2012; Antonova et
al., 2018); these primers are also included in the set of Hosaka,
Sanetomo (2012). Afterwards, markers amplifying different
regions (Regions 1-3) of the chimeric fragment Band 1, which
incorporates a region of the rps/9 gene of mtDNA were de-
veloped (see Fig. 1). Chimeric fragment Band| is typical for
the hybrids and cultivars having S. demissum in their maternal
ancestry (Sanetomo, Hosaka, 2011, 2013).

Markers for cytoplasm types. The first set of PCR markers
for potato cytoplasm identification, developed by A. Ldssl et
al. (2000), made it possible to identify three major combina-
tions of cpDNA and mtDNA markers in improved cultivars:
T/B for T-type cytoplasm, W/a for the cytoplasm of various
wild species, including S. demissum, and W/y for the cyto-
plasm introgressed from S. stoloniferum. Cultivars with cyto-
plasm of the W/y-type were shown to display tetrad sterility in
their pollen (Lossl et al., 2000; Song, Schwarzfischer, 2008).

Another set, offered by the Japanese researchers K. Ho-
saka and R. Sanetomo (2012), contains a larger number of
markers for cpDNA, includes also a pair of ALM_4/ALM 5
primers from the set reported by A. Lossl et al. (2000) and,
additionally, a D marker (Region 1) for identification of the
D-type cytoplasm of S. demissum. With the help of this set,
the modern classification of potato cytoplasm types has been
developed; it includes 8 main types: A, M, P, W (W/a, W/,
W/y), T (T/B) and D (see Fig. 1).

It should be kept in mind, however, that the cytoplasm
types identified with the marker sets described by Lossl et al.
(2000) and Hosaka, Sanetomo (2012) are not identical. A set
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of markers from the Japanese researchers’ diagnoses ‘the true
W-type’ (wild). When the set developed by Lossl et al. (2000)
is used, the W-type, identified by the absence of the 241 bp
deletion in the ndhC/trnV locus, combines the A, M, P and
W types of cytoplasm (see Fig. 1) which can be found both
in cultivated and in wild potato species. Thus, the W-type of
cytoplasm is interpreted in publications twofold: as ‘the true
W-type’ (Hosaka, Sanetomo, 2012; Sanetomo, Gebhardt,
2015; Gavrilenko et al., 2018) and as ‘a contraposition to the
T-type’ (Lossl et al., 2000; Song, Schwarzfischer, 2008), which
has been responsible for discrepancies in the interpretations of
molecular screening results. Therefore, after 2012, the primers
ALM_4/ALM_5 from the set described by Ldssl et al. (2000)
have been used to detect the mtDNA types, while the types
of cytoplasm are commonly identified using the molecular
marker set of Hosaka, Sanetomo (2012) (see Fig. 1).

None of the 8 cytoplasm types is species-specific, although
the T-type is found in up to 90 % of Chilean indigenous vari-
eties (Hosaka, 2003; Spooner et al., 2007; Gavrilenko et al.,
2013) and in a majority of old European cultivars (Provan
et al., 1999; Gavrilenko et al., 2007; Sanetomo, Gebhardt,
2015). In view of this, the T-type is often referred to as the
‘cultivated’ or Chilean. The A- and P-types of cytoplasm are
characteristic of male-fertile diploid and tetraploid indigenous
Andean cultivars, while the W/a and W/ types of many wild
potato species (Hosaka, Sanetomo, 2012; Mihovilovich et al.,
2015). The D-type of cytoplasm is typical for S. demissum and
the cultivars developed with its involvement (as a maternal
progenitor), and has been found among the accessions of
wild allohexaploid and allotetraploid Mexican potato species
(Hosaka, Sanetomo, 2012, 2014). W/y cytoplasm type (and
y-type of mtDNA) has been detected in all hybrid clones and
cultivars with the cytoplasm of S. stoloniferum, manifesting
tetrad sterility (Song, Schwarzfischer, 2008; Antonova et al.,
2018). At the same time, Hosaka and Sanetomo (2012) re-
ported detection of W/y-type cytoplasm in potato accessions of
S. chacoense, S. pampasense, S. pinnatisectum and S. vernei.

Large subsets of foreign varieties, analyzed with the marker
set of Hosaka, Sanetomo (2012), showed a low level of cyto-
plasm genome diversity: more than 90 % had three cytoplasm
types, T, D and W/y, associated with male sterility, while about
10 % possessed cytoplasm of rare types: W/B, A, M or W/a
(without the D marker) (Sanetomo, Gebhardt, 2015). Varieties
with P-type cytoplasm were not found in the European gene
pool; however, the P-type was present in ~6 % of Japanese
varieties (Hosaka, Sanetomo, 2012) (see Supplement 1)'.

Studying agronomic traits in groups with different cyto-
plasm types revealed significantly higher starch content in
hybrids and breeding clones with W/y- and W/a-type cyto-
plasm than in those carrying the other cytoplasm types (Lossl
et al., 2000). Higher starch content and later plant maturity
were reported by R. Sanetomo and K. Gebhardt (2015) for the
holders of W/y-type cytoplasm, compared with those carry-
ing the other types. The same authors also observed that the
level of field resistance to late blight in potato accessions with
D-type cytoplasm was higher than in those with the T-type.

The data on the distribution of different cytoplasm types
in domestic varieties (bred in the USSR, Russia, or adjacent

T Supplementa ry Materials 1-10 are available in the online version of the paper:
https://vavilov.elpub.ru/jour/manager/files/application/SupplGavrilenkoEngl.pdf
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Identification of cpDNA types using marker set of Hosaka, Sanetomo (2012):

SAC-marker (locus cemA of cpDNA)

Presence of the restriction
in the BamHl site in the PCR-product
of SAC primers

Absence of the BamHlI-restriction

H1-marker (locus ndhC/trnV of cpDNA)

241 bp deletion
in the PCR-
product of H1

Identification of cytoplasm types primers

in potato using marker set of

241 bp deletion is absent

Hosaka, Sanetomo (2012)

S-marker (locus rps16/trnQ of cpDNA)

48 bp deletion in
. the PCR-product
48 bp deletion is absent of NTCP6
primers
A-marker (locus rpl32/ccsA of cpDNA)
pesitensttne | osenceot
Absence of the BamHlI-restriction the BamHI-
PCR-product o
. restriction
of A primers
Identification
D-marker: of mtDNA types: Types of cpDNA:
amplification
of chimeric fragment PCR with primers T w c A s
Band1 - PCR-product ALM_4/ALM_5
of primers D (Region 1) (L&ssl et al., 2000),
locus rps10 of mtDNA CYTOPLASMTYPES:
D 527 bp D
a 2400 bp
W/a
Other Absence B 1600 bp T w/B M A P
of PCR
types product Absence
% of PCR Wy
product

Fig. 1. Identification of cytoplasm types using the marker set of Hosaka, Sanetomo (2012).

countries) are not numerious. The set of PCR markers devel-
oped by A. Lossl et al. (2000) was used to study 98 domestic
cultivars (Gavrilenko et al., 2007). In the context of previous
considerations, only 40 of them, with the T-type, match to the
modern classification. The marker set described by Hosaka,
Sanetomo (2012) was employed to determine cytoplasm
types in 25 Russian cultivars preserved in foreign genebanks
(Sanetomo, Gebhardt, 2015) and in 28 cultivars developed
by Russian breeders (Gavrilenko et al., 2018) (see Supple-
ment 1). The present research continues studying cytoplasm
type genetic diversity of domestic potato varieties preserved
in the VIR collection.

Materials and methods

The research material included 185 potato cultivars re-
leased in Russia and adjacent countries and preserved in the
VIR collection (see the Table). For this cultivars the data on
cytoplasm types were determined for the first time with the
aid of the markers A, D, S, SAC and H1 from the marker set
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of Hosaka, Sanetomo (2012). For 158 cultivars of this set,
mtDNA types were earlier identified using the pair of prim-
ers ALM 4/ALM 5, specific to the rps/0 locus of mtDNA
(Gavrilenko et al., 2007; Antonova et al., 2018). Male sterility
phenotyping and molecular screening with the R/ and R3a
markers involved additional varieties from an extended subset
(N=277), for which the types of cytoplasm had been identified
earlier (Gavrilenko et al., 2007, 2018; Sanetomo, Gebhardt,
2015) (see Supplement 1).

DNA isolation was performed on plant leaves, using the
CTAB extraction technique modified by Gavrilenko et al.
(2013).

Molecular screening. Six STS/CAPS/SSR markers from
the set of Hosaka, Sanetomo (2012) were used to identify
cytoplasm types (see Supplement 2). Molecular screening
for the presence of the R/ and R3a gene markers controlling
race-specific late blight resistance was conducted using the
primers mentioned in Supplement 3.
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The cytoplasm types of domestic potato varieties (N = 185) bred in Russia,
USSR and adjacent countries which were identified in present research using marker set of Hosaka, Sanetomo (2012)

Cytoplasm N (%) Variety name

types

T(T/B) N=74  Alisa, Ametist, Antonina, Avrora, Belorusskiy ranniy, Bezhitskiy, Brat-2, Bryanskiy delikates, Bryanskiy nadezhny,
(40.0%) Bryanskiy priusadebny, Bryanskiy ranniy, Chayka, Druzhny, Falenskiy, Filatovskiy, Fioletovy, Gart, Gornouralskiy,

Granat, Gulliver, Iskra, Kalinka, Katyusha (bred at the Polar station of VIR), Kemerovskiy, Khibinskiy ranniy, Kivi,
Kolpashevskiy, Korenevskiy, Krasavchik, Krasnaya gorka, Krasnaya zarya, Krasnoufimskiy, Kristall, Kustarevskiy,
Lakomka, Laymdota, Lekar, Lider, Lina, Lyuks, Musinskiy, Nadezhda, Nart 1, Narymka, Nauka, Ognivo, Pamyati
Rogacheva, Pribrezhny, Prigozhiy 2, Primorskiy (=Pri-12), Rossiyanka, Rusalka, Ryabinushka, Safo, Sentyabr, Seve-
ryanin, Shaman, Shurminskiy 2, Sineva, Smena, Solnechny, Svetlyachok, Varsna, Vasilek, Virazh, Volzhanin,
Volzhskiy, Vyatka, Yavar, Yubileyny Osetii, Yupiter, Zagadka, Zauralskiy, Zolskiy

Alena, Alpinist, Amur, Antoshka, Arkhideya, Babushka, Barin, Baron, Bashkirskiy, Belosnezhka, Belukha, Bolshevik,

(50.8%) Bolvinskiy, Borodyanskiy rozovy, Bryanskiy yubileyny, Buket, Bylina Sibiri, Chaya, Delfin, Dina, Divo, Dontsovskiy,
Effekt, Fermer, Garant, Gornyak, Goryanka, Gubernator, Irbitskiy, Kamenskiy, Kemerovchanin, Kormilets, Kortni,
Krasavitsa, Krasnaya roza, Kuznechanka, Ladozhskiy, Lasunak, Lazar, Lazurit, Lyubava, Malinovka, Manifest, Mars,
Matushka, Maugli, Nalchikskiy, Nesterovskiy, Nikulinskiy, Parus, Pransa, Prestizh, Prizer, Prolisok, Ramzay, Rapso-
diya, Rassvet, Reggi, Rezerv, Romashka, Rosinka, Rumyanka, Rusich, Sambo, Saprykinskiy, Sarovskiy, Sintez, Skarb,
Skoroplodny, Solnyshko, Start, Svenskiy, Tanay, Tango, Teshcha, Tomich, Tuleevskiy, Udacha, Ukrainskiy rozovy,
Uspekh, Utenok, Veselovskiy 2-4, Veteran, Viza, Vympel, Vytok, Yugana, Yuna, Zhavoronok, Zhigulevskiy, Zhivitsa,
Zlatka, Zov, Zvezdochka
W/y N=16  Bryanskiy krasny, Barmaley, Fokinskiy, llinskiy, Kolobok, Korona, Meteor, Moskvoretskiy, Nakra, Olimp, Pogarskiy,
(8.7%)  Resurs, Sokolskiy, Vektar, Yubiley Zhukova, Zdabytak
A N= Katyusha (bred in Ukraine)
(0.5 %)

PCR was performed using a 20 pL reaction mixture, con-
taining 10 ng of the total DNA of potato varieties, a 1x reaction
buffer (Dialat Ltd, Moscow), 2.5 mM MgCl,, 0.4 mM of each
dNTP, 0.2 uM of the forward and reverse primer, and 1 unit
of Taq polymerase (Dialat Ltd, Moscow).

Amplification. The conditions of PCR complied with the
recommendations of the primer developers (Supplements 2
and 3). In a number of cases, we optimized the programs us-
ing the TOUCHDOWN function. All reactions that involved
the use of SCAR markers had no less than three replications.

Restriction. When CAPS markers were used, the treat-
ment of PCR products with the BamHI restriction enzyme
was performed in a 30 pL of reaction mixture according to
the protocols of enzyme producers (SibEnzyme, http://russia.
sibenzyme.com/).

Electrophoretic separation of fragments. PCR products
were separated using horizontal 2 % agarose gel electropho-
resis in a TBE buffer, followed by staining with ethidium
bromide and UV visualization.

Sequencing. We developed primers for amplification of
mtDNA loci (Supplement 4) on the basis of the complete se-
quence of the cultivated potato mt genome (GenBank number
ofthe sequence: JF772172.1), using the Primer3Plus software.
Amplified fragments were sequenced by the Sanger method
on an ABI 3500x analyzer. High-throughput sequencing
(NGS) was made according to the Illumina Inc. technology
on an Illumina MiSeq (USA), using MiSeq® ReagentKit v3
(600 cycle) with twofold read coverage (2*¥300 nt).

Evaluation of male fertility. Pollen fertility (PF) was
assessed using acetocarmine staining; no less than 300 pol-
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len grains of each genotype were scanned in two replica-
tions. Preparations of stained pollen grains were analyzed
under a light microscope Axio Scope.Al (Zeiss, Germany),
x200 zoom. In addition, controlled crosses were made in
28 combinations, where 15 cultivars with D-type cytoplasm
served as pollinators, and varieties with different cytoplasm
types as female parents; immediately after the removal of yet
unripened anthers, the emasculated flower buds were covered
with isolators.

Statistic analysis. Data on the starch content and plant ma-
turity score as well as foliage and tuber late blight resistance
were taken from the State Register of Breeding Achievements
(2010-2018) and the catalogues of potato cultivars for various
years. Differences in these agronomic traits among the three
groups of cultivars with the T-, D- and W/y-types of cytoplasm
were estimated by nonparametric statistic methods with the
StatSoft Statistica 13.3 software tools (Khalafyan, 2010),
using the Kruskal-Wallis test by ranks (one-way ANOVA
on ranks) and the Mann—Whitney U test, at the significance
level of 5 %. The same methods were used to assess correla-
tion between type of cytoplasm and the presence/absence of
molecular markers for the race-specific late blight resistance
genes (R/ and R3a).

Results

Identification of cytoplasm types in potato varieties

Types of cytoplasm were identified in 185 improved potato
cultivars, and the resulting data are presented in the Table and
Fig. 2. In this whole subset, only one cultivar, ‘Katyusha’ (bred
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M1 2 3 4 5 6 7 8 910 11 12 13 14 15 16
Marker T

7M1 2 3 45 6 7 8 91011121314 1516 M
Marker S

M1 2 3 4 5 6 7 8 9101112 13 14 15 16
Marker A
(BamHI)

Cytoplasmic genetic diversity
of potato varieties bred in Russia

1T 2 3 4 56 7 8 910 1112 13 14 15 16
Marker SAC
(BamHI)
12 3 4 5 6 7 8 9 10111213 14 15 16
Marker D
12 3 4 5 6 78 9 10 11 12 13 14 15 16
Marker
ALM_4/ALM_5

Fig. 2. Identification of cytoplasm types in potato varieties using markers set of Hosaka, Sanetomo (2012). Varieties: 1, Manifest (D); 2, Prestizh (D); 3, Kolo-
bok (W/y), 4, Nakra (W/y), 5, Avrora (T); 6, Sintez (D); 7, Olimp (W/y), 8, Tanay (D); 9, Zlatka (D); 10, Romashka (D); 11, Sambo (D); 12, Tomich (D); 13, Uspekh (D);
14, Katyusha (A); 15, Fermer (D); 16, Alpinist (D). Cytoplasm type is indicated in parentheses after the variety name. 17, control sample - S. phureja k-9386 with
P-type cytoplasm having 48 bp deletion in the NTCP6 locus of cpDNA. M — DNA Ladder “Sibenzyme 1 kb”; M; - DNA Ladder “Sibenzyme 100 bp 1500".

in Ukraine), demonstrated the absence of the BamHI site in the
PCR product of SAC primers (locus cemA of cpDNA); further
restriction analysis resulted in detecting the fertile A-type
cytoplasm in it (see Fig. 1, 2 and the Table). It should be kept
in mind that among Russian cultivars there is one with the
same name, ‘Katyusha’ bred at the Polar Experiment Station
of VIR, which carries T-type cytoplasm. In the remaining
184 cultivars, the BamHI restriction site was detected in the
PCR product of SAC primers (see Fig. 1), therefore they may
be counted among the varieties with T-, D- and W/y- types of
cytoplasm, which are associated with the male sterility traits
according to Hosaka and Sanetomo (2012). The Table shows
the results of their subsequent differentiations. Seventy-four
cultivars had a 241 bp specific deletion in the ndhC/trnV
intergenic spacer of cpDNA (T-type cpDNA) and the B-type
mtDNA (see the Table and Fig. 2).

Two pairs of primers developed for amplification of two
different regions (Region 1 and Region 2) of the chimeric
BandI fragment were used to identify the D-type cytoplasm in
PCR analysis. The screening results appeared fully identical for
both primer pairs. Approximately a half of the studied subset,
94 out of 185 cultivars, had cytoplasm of the D type (see the
Table), which attested to the presence of S. demissum in their
maternal ancestry. For all 94 cultivars with D-type cytoplasm,
the ALM_4/ALM_5 primer pair detected the a-type mtDNA.
All cultivars with D-type cytoplasm simultaneously possessed
the ‘true W type’ of cpDNA — they had the BamHI restriction
site in the PCR product of SAC primers, but did not have the
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BamHI restriction site in the PCR product of A primers and
241 bp deletion in the ndhC/trnV intergenic spacer of cpDNA
(see Fig. 1, 2).

In the remaining 16 cultivars with ‘the true W-type’ of
cpDNA, PCR products were not identified for the Bandl
fragment, hence they did not possess D-type cytoplasm
(see Fig. 1, 2 and the Table). Since the same cultivars were
earlier reported to have y-type mtDNA due to the absence of
amplification with the ALM_4/ALM 5 primers (Antonova
et al., 2018), they may be recognized as having the W/y-type
of cytoplasm.

Thus, there were no cultivars with fertile cytoplasm
types in the studied subset, except for the single (0.5 %)
cv. ‘Katyusha’ (A-type) released in Ukraine, which confirmed
the result earlier obtained by Hosaka, Sanetomo (2012) and
Sanetomo, Gebhardt (2015), who had analyzed this cultivar.
The remaining 99.5 % of the sampled cultivars possess three
cytoplasm types: T, D and W/y (see the Table), which are
associated, according to Hosaka, Sanetomo (2012), with
male sterility. With this in view, we carried out phenotyping
of male sterility in the plants that took part in molecular
screening.

Studying male sterility in plants

Pollen fertility (PF) was assessed in 121 cultivars from the
extended subset (see Supplement 1): 45 with T-type, 60 with
D-type, and 16 cultivars with W/y-type cytoplasm. Of those,
26.7 % of cultivars with T-type cytoplasm developed colorless
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and morphologically abnormal pollen grains; among them
were ‘Bryanskiy ranniy’, ‘Golubizna’, ‘Zolskiy’, ‘Lorkh’,
‘Pribrezhnyy’, ‘Rusalka’ and ‘Severyanin’. In 28.9 % of
cultivars, the PF exceeded 60 %:; in the rest it varied from 15
to 60 %. It should be mentioned that a considerable variability
of pollen fertility was recorded in different years.

Out of the 16 cultivars with the sterilizing W/y-type cyto-
plasm, tetrad sterility was observed in 14 (87.5 %). This
trait was variable in different cultivars: for example, in
cvs. ‘Moskvoretskiy’, ‘Nakra’, ‘Olimp’, ‘Sokolskiy’ and
“Yubiley Zhukova’ up to 100 % of pollen grains remained
clustered in ‘permanent tetrads’ at stage of opening flowers
(Fig. 3, a).

Cvs. ‘Bryanskiy krasnyy’, ‘Pogarskiy’ and ‘Korona’ were
observed to have about 50 % of ‘permanent tetrads’ against
a background of sterile monads. Cvs. ‘Kolobok’ and ‘Resurs’
showed up to 20 % of ‘permanent tetrads’ with a background
of sterile monads. Cvs. ‘Barmaley’ and ‘Fokinskiy’ with
unknown pedigrees were two exceptions, as they developed
only monads, 70 % of which were stainable with acetocarmine
and had normal morphology (see Fig. 3, b).

In the cultivars with D-type cytoplasm, the pollen fertility
varied from 20 to 80 %. Since Hosaka, Sanetomo (2012)
reported functional pollen sterility for the holders of this
cytoplasm type, we made 28 combinations of controlled
crosses, where cultivars with D-type cytoplasm served as
pollinators. Practically all crosses (except the combinations
with cv. ‘Skazka’) resulted in berries with seeds, which
is an evidence of functional pollen fertility in 14 out of
15 pollinators having the D-type cytoplasm of S. demissum
(see Supplement 5).

Molecular screening with markers for the R1 and
R3a genes, introgressed into the breeding gene pool from
S. demissum. Molecular screening of extended subset was
performed to verify the assumption that, in the case of
functional male sterility of D-type cytoplasm holders which
took part in cultivar’ pedigrees, markers of the R/ and R3a
genes can be detected only in the varieties with the cytoplasm
of S. demissum; and when such forms possess male fertility —
in varieties with various cytoplasm types. The results of
molecular screening showed that markers of the R/ and/or
R3a genes had been identified in cultivars carrying various
cytoplasm types in almost equal ratios (see Supplement 6).

Thus, the tree groups of cultivars with the T, D and W/y cy-
toplasm types were shown to contain both male-sterile and
male-fertile genotypes, which may be caused by the specificity
of nuclear-cytoplasmic interactions and the polymorphism of
mtDNA loci associated with the CMS trait.

Studying polymorphism of mtDNA loci. Based on the
results of male sterility studies, 15 accessions were selected to
form three groups with the T, D and W/y cytoplasm types, so
that each of them contained both male-sterile and male-fertile
genotypes. They underwent direct sequencing to analyze 8 loci
of the mt genome (fragments of the genes atp6, atp9, cox2,
CcemFc, nad2, nad7, rps3, and the nadl/atp6 intergenic
spacer), whose polymorphism is often associated with CMS in
various plant species (Ducos et al., 2001; Kim D.H., Kim B.D.,
2006; Das et al., 2010; Liu et al., 2011). To amplify these
8 loci, we developed 8 pairs of primers, whose sequences are
presented in Supplement 4. All the studied 15 genotypes, re-
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Fig. 3. Tetrad sterility in cv. ‘Moskvoretskiy’ (a) and pollen grains of
cv.‘Fokinskiy’ (b), both cvs. with W/y-type cytoplasm.

gardless of their cytoplasm type or male sterility/fertility traits,
demonstrated identical sequences of the nad2, nad7, cox2,
atp6, CcemFc loci, which matched with the corresponding
regions on the complete mt genome sequence (JE772172.1)
of cultivated potato. Nucleotide InDels/substitutions were
identified in the rps3, atp9 and CemFe loci; however, they
were not associated with the male sterility feature. For the
nadl/atp6 and nad?2 (the second intron) loci, single-nucleotide
substitutions were identified, which differentiated 7 holders
of the W/y cytoplasm into two groups: five genotypes with
tetrad male sterility, and two with fertile pollen. In the second
intron of the nad? gene (position 216310 in the complementary
strand of the sequence JF772172.1), an A—C transversion was
found: SNP variant ‘A’ was present in male sterile genotypes,
and ‘C’ — in male fertile ones (Fig. 4, a). As for the nadl/
atp6 intergenic spacer, SNP variant ‘T’ in position 48923 was
identified for sterile genotypes, and ‘G’ for male fertile ones
(see Fig. 4, b). In the accessions with cytoplasm of the T- and
D-types, regardless of their male sterility/fertility traits, the
sequences of these two loci were similar.

These two SNP variants were identified while analyzing a
limited number (7) of genotypes with W/y-type cytoplasm. To
confirm their association with tetrad sterility, we made an NGS
analysis of the nad?2 and nad1/atp6 loci on a larger subset of
accessions of various origin, all having W/y-type cytoplasm.
The analysis covered 12 additional cultivars with W/y-type
cytoplasm, developed both in Russia and Europe having
S. stoloniferum in their maternal ancestry, and 10 breeding
clones with W/y-type cytoplasm, developed on the basis of
the Mexican species S. guerreroense (Zoteeva et al., 2017).
These accessions were used to make three bulk samples, each
uniting genotypes with W/y-type cytoplasm of similar origin
and with similar appearance of the male sterility or fertility
trait (see Supplement 7). The results of the NGS analysis
confirmed that SNP variants ‘A’ in the nad2 locus (position
216310) and ‘T’ in the nadl/atp6 spacer (position 48923)
were associated with tetrad male sterility in all studied geno-
types. In addition, minor mitotypes were identified in the poly-
morphic site for each bulk sample, which may be explained by
either heterogeneity of a bulk sample or the heteroplasmic state
of the analyzed genotypes — when substoichiometric quantities
of different mtDNA variants are present in plant cells.

To find the cause of the observed heterogeneity, we deve-
loped a CAPS marker, Int2NAD2/Sse9l (F: GGGCTTCTT-
GCTACGCTACA; R: TTAAGCCTGGGCGAAGATGG,
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Nakra 1 AAGATAGATCCATCCATCTATCCTATCCGATTTCAATTTTGTTATCTAAAAAAGAATCGATTTCATTCAACCTTTGATTCAAAGAACTGC 20
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Sudarynja L i it ittt e e e e e e s ecaececoceaea b et as e e s et s e s e s et asabesasesesesanan 90
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Fig. 4. Alignment of fragments (a) of the second intron of the nad2 gene and (b) of the nad1/atp6 intergenic spacer in 7 accessions having W/y-
type cytoplasm. From top to bottom — 5 genotypes with tetrad sterility: varieties Nakra, Gusar, Sudarynya, Bryanskiy krasny and breeding clone
SW93-1015 X adg (Zoteyeva et al., 2017) and the last two: Fokinskiy, Barmaley — with fertile pollen grains forming only monads.

with subsequent restriction Sse9l), for the polymorphic SNP
site A/C in the intron of the nad2 gene. This marker makes it
possible to distinguish the site AATT (genotypes with tetrad
sterility) from the site CATT (genotypes with fertile pollen
and W/y cytoplasm). Each of the 28 selected accessions was
analyzed individually with this marker, and all bulk samples
appeared uniform — the accessions therein had a restriction
site corresponding to the main nucleotide for the given group
(see Supplement 7). Thus, the polymorphism of SNP variants
in the second intron of the nad2 gene may be explained by the
presence of various mitotypes in substoichiometric amounts.

Differences between cultivars with different cytoplasm
types in their agronomic traits. Pairwise comparison among
the cultivar groups with different cytoplasm types, using the
Kruskal-Wallis test by ranks and the Mann—Whitney U test,
showed the absence of significant differences in starch content,
field resistance of foliage to late blight, and presence of the
markers of the R/ and R3a genes, as well as the presence of
significant differences in tuber late blight resistance between
three cultivar groups (p = 0.044), with higher resistance in the
varieties with W/y-type cytoplasm. When the Mann—Whit-
ney test was applied, the differences in earliness between
the cultivars with D-type (mean = 6.4) and with W/y-type
(mean = 5.5) cytoplasm were significant (p = 0.037), but with
the Kruskal-Wallis criterion the differences were not essential.

Discussion

According to the published data, more than 90 % of foreign
potato cultivars (released in East Europe, North America and
Japan) manifest three types of cytoplasm: T, D and W/y, as-
sociated with variously expressed male sterility (see Supple-
ment 1). The occurrence rate for cultivars with the A, M,
W/B and W/a (without the D marker) cytoplasm types in total
does not exceed 10 % (Hosaka, Sanetomo, 2012; Sanetomo,
Gebhardt, 2015). Similar results were obtained in this re-
search for potato cultivars developed in Russia and adjacent
countries: 99.5 % of 185 cultivars were found to have three
cytoplasm types: T (40.0 %), D (50.8 %), and W/y (8.7 %).
Except for cv. ‘Katyusha” (A type, 0.5 %) released in Ukraine,
no cultivars were observed to have fertile cytoplasm types.
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Comparing the obtained results with our previous results
(Gavrilenko et al., 2007, 2018) and published data (Sane-
tomo, Gebhardt, 2015) suggested expansion of the sampled
subset of domestic cultivars to 277, but their variability in
cytoplasm types remained similar as it had been: T (48.4 %),
D (44.4 %), W/y (6.8 %), and A (0.4 %). Having screened the
extended subset, we found neither any cultivars with A-type
or P-type cytoplasm typical for male fertile tetraploid and
diploid Andean landraces, nor any varieties with M, W/f or
W/a (without the D marker) cytoplasm types characteristic
of the related South American wild potato species: S. acaule,
S. spegazzinii and S. sparsipilum (=S. brevicaule), frequently
used in breeding programs. At the same time, many varieties
from the studied extended subset had earlier proved to possess
molecular markers of nuclear R genes conferring resistance to
harmful organisms: H1, Gpa2, Grol-4, RxI, Rx2, and Ry, i
introgressed into the breeding gene pool from the above-listed
species (Gavrilenko et al., 2009, 2018; Biryukova et al., 2015;
Antonova et al., 2016; Klimenko et al.,2017,2019). It may be
explained by male fertility of their hybrids, which participated
in crosses, like the parental accessions of cultivated and wild
South American species, as pollinators (Ochoa, 2004).

Wide distribution of the T-type cytoplasm, especially among
old improved cultivars, may be due, on the one hand, to its
positive effect on the yield (Plaisted, 1972) and, on the other,
to the use of carriers of this cytoplasm type in breeding as
female parents, because of the male sterility feature expressed
in them (Grun et al., 1977). By the end of the 20th century,
when interspecific hybridization had become the main tool
of broadening the genetic diversity of breeding materials, the
frequency of cultivars with T-type cytoplasm was abruptly
decreased, whereas the occurrence rate of cultivars with the
cytoplasm of wild Mexican species (D and W/y) went up
(see Supplement 8). It should be also mentioned that in the
domestic gene pool the occurrence of cultivars with the D-type
cytoplasm from S. demissum is two to three times higher than
in West European of Japanese cultivars (see Supplement 1).

The spreading of the cytoplasm type inherent in wild
Mexican species over the breeding gene pool is explained
on the one hand by interspecific incompatibility (as a rule,
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S. demissum and S. stoloniferum participate in interspecific
crosses as maternal parents) and on the other hand — male
sterility of the obtained hybrids (Dionne, 1961; Irikura,
1968; Song, Schwarzfischer, 2008; Hosaka, Sanetomo, 2012;
Gavrilenko, Yermishin, 2017). Because of that, the introgres-
sion of nuclear genes responsible for race-specific late blight
resistance (R/—R3, R4, R8, R10) from S. demissum and the
Ry./RYf, genes of resistance to PVY from S. stoloniferum
was simultaneously and unintentionally accompanied by
a transfer of cytoplasmic determinants from wild Mexican
species into the breeding gene pool.

It is reported in publications that the W/y-, D- and T-types
of cytoplasm have a specific effect on the male fertility/sterility
traits, respectively inducing tetrad sterility, functional sterility
of pollen, and abnormalities in the development of reproduc-
tive organs (see Hosaka, Sanetomo, 2012). According to the
results of phenotyping performed in the framework of this
research, each of the three groups of domestic cultivars with
the T, D and W/y cytoplasm types contained not only male-
sterile, but also highly fertile genotypes. Male fertility in the
T-type cytoplasm holders is explained in publications by the
presence of a dominant allele of the Rt gene (a male fertility
restorer gene) and, for a number of interspecies combinations,
by the homozygosity (ms/ms) for the recessive allele of the
Ms gene (male sterility gene) (Iwanaga et al., 1991; Ortiz
et al., 1993; Mihovilovich et al., 2015). Among the varieties
with T-type cytoplasm there are many efficient pollinators
that have served as male parents in the development of many
domestic cultivars, such as ‘Avrora’, ‘Dina’, ‘Zarevo’, ‘Ka-
meraz’, ‘Priyekulskiy ranniy’, ‘Smena’ and ‘Shurminskiy 2’
(see the Table and Supplement 1).

The present results of successful crosses with pollinator
varieties carrying D-type cytoplasm did not confirm the infor-
mation about the functional pollen sterility in the S. demissum
cytoplasm holders. An indirect evidence of male fertility in
cultivars with D-type cytoplasm is the results of molecular
screening with markers of the R/ and R3a genes of race-spe-
cific late blight resistance, introgressed into the breeding gene
pool from S. demissum. Markers of these genes were detected
in cultivars with D-type, T-type and W/y-type cytoplasm (see
Supplement 9), which may be due to the involvement into the
breeding process of donors of the R/ and R3a genes (D-type
cytoplasm holders) as pollinators.

Contrariwise, markers for the Ry and Ryf, genes confer-
ring extreme resistance to PVY, occur only in the cultivars
having the W/y cytoplasm transferred from S. stoloniferum
(Flis et al., 2005; Song, Schwarzfischer, 2008; Antonova et
al., 2018; Gavrilenko et al., 2018) (see Supplement 10), that
confirms the sterilizing effect of this cytoplasm type. The
analysis of the obtained results and published data (Song,
Schwarzfischer, 2008) makes it possible to conclude that all
genotypes with tetrad pollen sterility have W/y cytoplasm
type. On the other hand, the holders of this cytoplasm type
may be sporadically interspersed with a few genotypes with
fertile pollen, carrying cytoplasm of other wild species, for
example, S. vernei, as shown by K. Hosaka and R. Sanetomo
(2012). In our study, two (12.5 %) of the 16 cultivars with W/y-
type cytoplasm developed fertile pollen; it may well be that
their maternal pedigree also included accessions of the South
American species S. vernei or S. chacoense, whose W/y cy-
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toplasm type was ascertained by Hosaka, Sanetomo (2012).

The present research succeeded in differentiating sterile and
fertile accessions both with W/y-type cytoplasm according to
single-nucleotide substitutions in two mtDNA loci (nadl/atp6
and nad?2). The CAPS marker Int2NAD2/Sse91, developed by
us, can be used in future for additional differentiation of the
W/y-type cytoplasm and for selection of male-sterile/fertile
genotypes. The NGS analysis technique was for the first time
applied to study the heteroplasmic state of mtDNA in potato
genotypes with the sterilizing W/y cytoplasm type. It has been
shown that a heteroplasmic state is equally characteristic for
the genotypes with tetrad sterility (where a minor mtDNA
variant typical for genotypes with fertile pollen has been iden-
tified) and for male fertile cultivars (where a minor mitotype
typical for cultivars with tetrad sterility has been found). The
significance of stoichiometric quantities in the CMS phenotype
expression has been demonstrated for various crop species:
Pennisetum glaucum (Feng et al., 2009), Beta vulgaris (Bragin
etal.,2011), Brassica napus (Chen et al., 2011), Oryza sativa
(Bentolila, Stefanov, 2012), etc.

Conclusion
It may be summarized in the conclusion that Russian potato
cultivars and those of the adjacent countries, along with the
breeding gene pools in foreign countries, are represented
mostly by plants with the T, D and W/y cytoplasm types, while
genotypes with fertile types of cytoplasm are practically ab-
sent. It seems obvious that breeders have not previously paid
much attention to this trait, since the cultivated potato follows
a vegetative reproduction pattern. In present research pairwise
comparison of the cultivar groups with different cytoplasm
types failed to find statistically significant differences in a
number of economically useful traits, except for higher tuber
late blight resistance in cultivars with W/y-type cytoplasm.
The analysis of published data and results of the presented
research makes it possible to conclude that the presently
known cytoplasm markers for potato are not informative
enough to be used in the selection of male sterile and male
fertile genotypes. It is safe to assume that after the identifica-
tion of the Rt and Ms genes in potato the efficiency of this
research trend will be enhanced. Besides, further develop-
ment of molecular markers is required to accomplish more
detailed typing of mitochondrial DNA loci involved in male
sterility control. Studying the CMS-Rf genetic systems and
working out molecular marker techniques for sterilizing types
of cytoplasm and fertility restorer genes are promising for the
development of a new trend — heterosis-based potato hybrid
breeding. Developing molecular markers for the CMS-Rf
genetic systems are also promising for conventional breeding
in the context of facilitating the selection of parental lines for
crosses and, inter alia, pyramiding genes conferring resistance
and other agronomical traits in one genotype.
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KynbTUBUpOBaHMEe 3apOoablliieii in vitro rmopuaoB
paHOCO3peBaKIINX COPTOB uepentHu (Prunus avium L.)

H.H. KoBaaenko ®), C.B. T'aapkux

KpbimcKkas onbITHO-ceneKkUMoHHan ctaHuma — dunuan OeaepanbHOro UCCeAoBaTeNIbCKOro LeHTpa Bcepoccnincknin UHCTUTY T
reHeTMYecKnx pecypcos pacteHmn um. H.M. BaBunosa (BUP), Kpbimck, Poccunsa
&) e-mail: kross67@mail.ru

BblcOKOaAanTVBHbBIX TEXHOMOMMYHbIX PaHHEeCMNesbiX COPToB YepeluHn (Prunus avium L.) B Poccumn HefocTaTouHo,
nosToMy nepef cenekumoHepamy CTOUT 3afavya ckopernwero nx nonyyeHua. OgHako pelueHne JaHHON 3ajaun
OCJTIOKHEHO OYEHb HN3KOW NMONEBOW BCXOXKECTbIO TMOPUAHbIX ceMaAH. Lienb Halwmx nccnefoBaHUin cocToasna B Noa-
60pe onTMManbHbIX CPEA 1 CNOCO60B YMEHbLUEHUA NHPULMPOBAHHOCTY B YCIIOBUSAX in Vitro Ana nonyyeHnsa Hau-
60nblUero KoNmMyecTsa NOSIHOLEHHbIX CEAHLEB COPTOB YepeLLHM OT BHYTPMBULOBOW rMbpuansaunm n B yckope-
HUW CeneKUMOHHOro npotecca. PaboTa No KynbTUBMPOBAHUIO in Vitro 3apofbllueil BHYTPUBUAOBbIX IMOPUAOB OT
YeTblpex KOMOUHALMNIA CKpeLLVBaHMS NePCNeKTUBHbBIX COPTOB U AOHOPOB YepeluHu: Banepuii Ykanos x CBUTXapT,
KpacHopapckas paHHAaA X KpynHonnogHas, ApocnasHa X CBUTXapT, rdopus X CBUTXapT No nNporpaMme «paHHee
co3peBaHne 1 KPyrnHOMIOAHOCTb» Oblna HavaTa C npefcenekymm, Bbibopa MaTePUHCKMX U OTLIOBCKMX GOpPM ye-
peLuHu. B xoae nccnepoBaHmMin onpeaeneHbl CPOKM «3abopa» NNOA0B ANA BbICAAKM B KyNbTYpY in vitro, COOTBETCTBY-
IoLLMe KOHLY Mafa—Hayvany noHA. ONTMMU3MpoBaH NpoLecc cTepunmnsanmm ot canpoduTHo MUKpobopb! MAOA0B,
KOCTOYEK N CeEMAH nepen npoBefeHneEM npouecca KynbTMBMPOBaHUA. McnbiTaHbl v OoueHeHbl Ha NnpurogHoCTb AnA
KYNIbTVBUPOBAHUA 3apofblllel YepeLHn Tpy MoanduLmMpoBaHHbie cpefbl C MaKpo- 1 MUKPO3IeMeHTaMM Ha OC-
HoBe cpefl Mypacure n Ckyra, Prunus n CMupHoBa. o pe3ynsTaTam onbIToB Hanbosee onTMManbHo 4fif npopac-
TaHWA 1 obecneyrBaloLLeil NPeBOCXOAHOE NMTaHKe 3apoablllen Npr3HaHa MCKYCCTBEHHaA NuTaTeNibHasa cpeaa M,
Ha ocHoBe cpefbl Mypacure 1 CKyra ¢ fob6aBneHnem B coCTaB aCKOpOHOBOW KNCIOTbI 1 caxapo3bl. [py npumeHe-
HUW pa3paboTaHHOW CXeMbl MacCOBOE MpopacTaHMe U3 3apoabllleil CeAHLEB YepeLllHN MMOPUgHbIX KOMOUHALNIA
CKpelLyBaH/A OTMEYEHO B HaLLMX OMbITax y»Ke Yepes nositopa mecsAua noce BBofa Ux B KynbTypy. 2GPeKTUBHOCTb
BbIPALYMBAHUA TMOPVAHDIX CEAHLIEB YePEeLLIHY PaHHEro CPOKa CO3PEBaHUA C MPUMEHEHNEM KyNbTypbl 3apofbiluer
6eccrnopHa, NOCKOJbKY NMO3BONAET MOyYaTb MMOPYAbI B MEPBbIV o Nnocsie NpoBeAeHUs rubpuansanmnm.
KnioueBble cnoBa: UepelLlHs; ceneKkus; BHyTPMBMAOBOE CKPeLUMBaHNE; 3apOAblLLN; NUTaTeNIbHaA Cpela; BUTaMUHbI;
GUTOrOPMOHBI; in vitro KynbTUBUpPOBaHUe.
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In vitro cultivation of the embryos of hybrid forms
of early-ripening sweet cherry (Prunus avium L.) varieties
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Krymsk, Russia
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Russia does not possess as many highly adaptable, technological, early-ripening varieties of sweet cherry (Prunus
avium L.) as would suffice to feel comfortable. Therefore, breeders are faced with the task of obtaining hybrid seeds
as soon as possible. This task is not easy because of low field germination rates of hybrid seeds. The goal of our
research was to select the best environments and ways to reduce infection while obtaining the largest number of
full-fledged sweet cherry seedlings from intraspecific hybridization in vitro and to accelerate the selection process.
Work on the in vitro cultivation of germs of intraspecific hybrids from four combinations of crosses of the pro-
mising varieties and sweet cherry donors ‘Valerij Chkalov’ x ‘Svithart, ‘Krasnodarskaya Rannaya’ x ‘Krupnoplodnaya;,
‘Jaroslavna’ x ‘Sveethart; ‘Eiforiya’ X ‘Sveethart’ under the “early-ripening and large-fruited” program started with
prebreeding and the selection of maternal and paternal forms of sweet cherries. In the course of research, the terms
of taking fruits for planting in vitro culture have been determined, which correspond to the end of May and the be-
ginning of June. The process of sterilization from saprophytic microflora of fruits, stone and seeds before cultivation
has been optimized. Three modified media with macro- and microelements based on Murashige and Skoog, Prunus
and Smirnova were tested and assessed for suitability for cultivation of cherry embryos. According to the results of
the experiments, an agarized M, artificial nutrient medium based on the Murashige and Skoog formulations with
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the addition of ascorbic acid and sucrose was proposed as the most optimal for germination and providing excel-
lent nutrition. Mass germination from bud seedlings of these hybrid combinations of sweet cherry crosses, when
applying the developed scheme, was noted in our experiments as early as in the first decade of July, i.e. about a
month and a half after putting them into culture. The efficiency of growing hybrid seedlings of early-ripening sweet
cherries with the use of embryo culture is indisputable, since it makes it possible to produce hybrids in the same
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BBepeHune

[Tnoner uepermnu (Prunus avium L.) OTKpPBIBAIOT CE30H CBE-
JKUX ()PYKTOB U SITOJ1 HAPABHE C JKUMOJIOCTHIO M 3EMJISTHUKOM.
UeperiHs — 01Ha U3 LIEHHBIX IJIOJJOBBIX KOCTOUKOBBIX KYNBTYP,
KOTOpast MOJIB3YyeTCs OOMBIINM CIPOCOM Y HaceneHus. B Ha-
cTosimee BpeMs ee pou3BoaT B EBpore, Manoit u Cpexneit
Asun, Munuu, SInonun, Ha AMEpUKaHCKOM KOHTHHEHTE, B
ABcrpanun. B Poccun oHa KyasTHBHpPYETCS B OCHOBHOM Ha
tore u B Kpeimy (Butkosckwmit, 2003 ; FOmes, Epemuna, 2007).
HecmoTps Ha mpoxoe pacnpoCcTpaHEeHHE KyIbTYPbl B MUPE,
BBICOKYIO LIEHHOCTh €€ IUIOJIOB M MOCTOSHHO PacTyIIuil Ha
HUX CIIPOC, TOTpeOHOCTH HaceneHus B Poccuu He ynosier-
Bopsitorcsi. Hemocrarounslii 00beM POM3BOACTBA TOBAPHOM
YeperrHu 00yCIOBICH HU3KOW MTPOTYKTUBHOCTBIO CYIIIECTBRY-
IOIINX HaCaXXJICHUH, KOTOpasi 3aBUCHT B IIEPBYIO OYEPE/Ib OT
ONTUMAJIBHBIX Il ONPEAETICHHOIO PErMOHa BO3/IEJIBIBAHUS
COPTO-TTOJIBOMHBIX KOMOWHAITUH.

PaiioHupoBaHHBIH COPTUMEHT JJISl FO’KHBIX peruoHOB PO
B HacTosIIee BpeMs BKiodaeT 24 copra yepenrnu (FOmes,
Epemuna, 2007). OgHako OH HE COOTBETCTBYET 3alpocaM K
KyJIBTypE CO CTOPOHBI TOBAPOIIPOM3BOIUTENEH U TOTpeOuTe-
neii. CormtacHO COBPEMEHHBIM TpeOOBaHHUSIM MHTEHCHBHOTO
CaJI0BOJICTBA, IPOMBIIIIIICHHBIA COPT YEPEIIHH JOKEH OBITh
MIPUCTIOCOONICH K KOHKPETHBIM 3KOJOTMYECKHM YCIIOBHUSIM,
MMETh KOMITAKTHYIO KPOHY M YMEPEHHBIH pOCT, 1aBaTh BbI-
COKHE PETyISpHBbIC ypOoXkau, TEeMHOOKpAIICHHBIC TIIOIBI,
JKEJIaTeNIbHO YHUBEPCAIBHOTO HA3HAUYEHMS, C TNIOTHOM MSIKO-
TBIO, XPSIIEBATON KOHCUCTEHIIUEH 1 TapMOHUYHBIM BKYCOM
(Anexuna, Epemuna, 2012). Haubombiryro ieHHOCTb IS 1T0-
TpeOHTEIIs IPEICTABIIAIOT COPTa PAHHETO CPOKA CO3PEBAHMS,
HO TUIOZIBI y HUX 00JIee MEJIKHIE, YeM Y TTO3THECTIEIIBIX COPTOB.
CBoeBpeMeHHas BCECTOPOHHSIS OIICHKA HHTPOLYIIHPOBAHHBIX
COPTOB ¥ THOPHJIOB YEPEIITHH C LIENBIO MPSIMOTO BOBIICUCHUS
JyYIIUX U3 HUX B IPOU3BOACTBO U BBIJEICHHE UCTOUHUKOB
XO3SIICTBEHHO LIEHHBIX MPHU3HAKOB IS CO3/aHUS HOBBIX
COpPTOB U THOPHIIOB SIBIAIOTCS aKTyaldbHOU 3amadeit (Ade-
xuHa, 2009, 2014, 2018; Muxees, Pepsxuna, 2012; I'ynsena,
2015).

Pabora 1o cesekiuy COPTOB YEPENIHN Ha TaKWEe MpPU3HA-
KM, KaK PaHHEe CO3PEeBaHUE U KPYIMHOIUIOJHOCTh, HauaTa Ha
Kpbivmekoit OCC (¢punman BUP) eme B nponuiom Beke (Epe-
MmuH, 1985) u npogomwkaeTcs o HacTosmee Bpems. B xome
9TOH pabOThI OTMEUEHO, YTO OT CKPEUIMBAHHS PaHOCO3pEBa-
IOLIMX COPTOB YEPELTHH IPH NMOCEBE THOPUIHBIX KOCTOUYEK B
CEJIEKIIMOHHBII THTOMHUK TTOJTy9aeTCsI MU3EPHOE KOJTMIECTBO
cestaneB (0—1 %) 13-3a HU3KOH BCXOXKECTH. AHAIIU3 TIpoliecca
Pa3BUTHS 3apOIBIIIA OT OMBUICHHS 10 IPOPACcTaHUs IOKa3al,
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PaHHUX CTaJUi UX Pa3BUTHUS, WIH XKe IPOUCXOIUT (popMH-
pOBaHUE HEOPA3BUTHIX 3apojIbliiieH (0e3 KOpHSs, aIbOMHOCHI
U T.IL).

MeTton KylIbTUBHPOBAHNS 3apOJIBILLICH 7 Vitro yyKe HECKOIIb-
KO JIECATHIIETUI 3aHUMAaeT Ba)KHOE MECTO IIpH pa3padoTke
Pa3IUYHBIX CENIEKIMOHHBIX MPOrpaMM Mo deperHe B Poccun
(3mpyiixosckas-Puxtep, 1964; Kyxapuuk, 1994; KoBanpuyk,
YykanoBa, 1997; 3axapuenko, bynnesuu, 2001; Kopanenko,
2017) n 3a pybesxom (Balla, Brozik, 1996; Stanys, 1998; Stan-
dardi, 2012; Asanica etal., 2016). 13 ananusa aurepaTtypHBIX
JIAaHHBIX CJIE/IYET, YTO Ha KyJIBTYPY SMOPHOHOB BIIHSIIOT IIpe-
XKJIE BCETO T€HOTUI M MCKYCCTBEHHAs MUTATEIbHAs Cpea.
Cpensl pH KyJIBTHBHPOBAHUH 3apOJbIIICH COCTABISINCH
MPEUMYIECTBEHHO 3apyOeKHBIMI aBTOPaMH Ha OCHOBE CO-
neit murarensHBIX cpen Mypacure n Ckyra (Asanicd et al.,
2016; Duli¢ et al., 2016). Hcronp30Banuck Takxke BAPHAHTHI
MUTATEJBHBIX CPEJ], CO3JaHHbIE HA OCHOBE COCTAaBa, MIPEJIO-
xenHoro De Fossard (1977). IIpu sToM meprof moxy4eHus
JKM3HECMOCOOHBIX 3apOIbIIIeH COCTABISI OT JABYX JI0 TPEX
JIET MOCJIe BBO/IA B KYJIBTYDY.

B Hacrosimem rcciie0BaH|N MPUBEICHBI PE3YIBTaThI Pa3-
pabOTKH CXeM KyJIBTUBHPOBAHUS 3apOIbIIICH PAHHECTICIBIX
COPTOB YEpEeIIHH, CIOCOOCTBYIOIINX OBICTPOMY POCTY CESIH-
IIEB B TOT 7K€ I'OJl, YTO U MPOBEJICHHAS THOPUAN3AIINS.

MaTtepwuanbl n metogbl

PaboTa 1O BBIpAIIMBAaHUIO B KyIbTYpE in Vitro THOPHUIIOB
YEepelIHH, MOJTYYEHHBIX HA OCHOBE BHYTPHBHJIOBOH THOPH-
JIM3allMK, BBIIOJIHSUIACH B JIAOOpATOPHH OMOTEXHOJOTHU U
omoxummn Kpemckoit OCC ¢pmmana BUP (2017-2019 rT)
n 6a3upoBasiach Ha PeIbIAYINX pa3padorkax (Menseznesa,
Crapenxko, 1998; Kosanenko, [lonusapa, 2014, 2016). Uc-
CJIe/IOBaHUSI TPOBOIVIIN TIO JINTEPATYPHBIM U Pa3paO0TaHHBIM
HaMu MeToanKkaMm (3npyiikoBekas-Puxrep, 1962; Kyxapuuk u
np., 2006; Kosanenxo, [Tonusapa, 2016) ¢ ucnonb3oBaHnueM
HCKYCCTBEHHBIX MUTATENBHBIX cpesi Mypacure u Ckyra (Mu-
rashige, Skoog, 1962), Prunus n Cmuprosa (IToros, 1979;
Jlxuramio u np., 2005).

MarepHanom MoCITy KN KOJUIEKIIHOHHBIE COPTOOOPa3IIbI
yepeman Kpeimckoit OCC ¢unmana BUP. 13 Hux ObuTH BBI-
JIeJIEHBI Jy4IlIie COpTa PaHHEro CpoKa CO3peBaHus (Ha4yajo
WIOHS), TIPUTOIHBIE [Tl NHTEHCHBHOTO BBIPAIIMBAHUS B yC-
nosusix tora Poccun (Epemun u np., 2009, 2018). B kauectse
MaTepuHCKUX (OpPM B FHOPUAN3AIMIO OBUIH B3STHI YETHIpE
COpTa YEepEIIHN PAaHHETO CPOKa CO3peBaHMs IUI0A0B: Banepuii
UYkanos, Kpacnomapckas panusist, Diidopus (Bocxon), Spo-
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CJIaBHA, a B KayecTBe OTIOBCKUX — KpynHoruionHas u CBUT-
xapT. Huxe npuBeZieHO ONMCaHNE COPTOB B COOTBETCTBHUU C
KaTajoroM NacropToB JIOHOPOB U HCTOYHHUKOB CEJICKIIHOHHO
3HAQUYMMBIX MPU3HAKOB BUIIHU U uepemnu (Epemun u ap.,
2009, 2018).

Copr uepemtnn Kpynnomnoanas (Hanoneon Oemnas x
cMech MbUIbIEI copToB Banepwuit Ukanos, DibroH, XKadyie).
Hcnionb3oBaHne AOHOPA B CEIEKIMU — CO3/1aHUE KPYITHO-
TUTOJTHBIX BBICOKOKa4E€CTBEHHBIX a/JalTHBHBIX cOpToB. Ilo-
JIO)KUTEJIbHBIE IPU3HAKH COPTA — CTA0MIIbHAS yPOXKAIHOCTB,
BBICOKAs 3MMOCTOMKOCTb, YaCTUYHAs CaMOIIIIOAHOCTb. K oT-
PpHLIATETEHBIM PU3HAKAM OTHOCSITCSI CHITBHOPOCIIOCTB, CKJIOH-
HOCTb K PACTPECKUBAHUIO TIOJIOB U MOPAXKEHUE CEpoit TIIO0-
J0BOM THHIIBIO. C ydacTHeM 3TOTO JOHOPA TOJTyYeHBI JITUT-
Hble Gopmser 17-1-14, 17-3-209, 17-4-5, 17-4-99 (Cesepo-
KaBkasckuii (henepasibHbli HayuyHBIH LEHTP Cal0OBOJICTBA,
BuHOTpamapcTsa, sunogenus — CKOHLICBB), Mereotnaa,
Hacnaxnenne, O6emanune, Opudpnemma (HUU opomaemoro
caJioBojicTBa, YKpauHa), Jlerenna miueBckas (MineBckuit
HWU camoBoncTBa, YkpanHa).

Copr Kpacnogapckast pannsist (poiocioBHast HEU3BECT-
Ha), co3aaH B CeBepo-KaBkaszckom 3oHansHoM HUM cano-
BojcTBa M BuHOTpanapcTea (CK3HUMCuB). Pexomenayercs
Kak JOHOP IIPU3HAKa «paHHee co3peBanue». Mcnonbsyercs B
CEJISKIMH JUIsl CO3/IaHMsI aJJalITUBHBIX cOpTOB. [Tonoxkuress-
HBI€ IPU3HAKU COPTA — 3MMOCTOMKOCTb, 3aCYyX0yCTOMUMBOCTD,
YCTOWYMBOCTH K OOJE3HSM, MPOIYKTUBHOCTE. OTpHIATENb-
HbIE [TPU3HAKH — IUIOJIbI HIYKE CPEJJHETO pa3Mepa, CKIOHHOCTb
K neperpyske ypoxaem. C yqacTreM 3TOro JOHOpa MOy UeHbI
anutHble Gopmsl 17-2-57, 17-2-136 (CKOHLICBB).

Copt CBurxapt (Ben x HptocTap) KaHaJCKO# CeIeKInu.
[lonoxxurenbHbIE MIPU3HAKK COPTA — BBICOKAsI YPOKAMHOCTD,
KPYIHBIE TUIOABI ITMPOKOOKPYIIIOH (hOPMBI M XOPOIINX CTO-
JIOBBIX KauecTB. K OTpHuIaTeIbHBIM ClIEAYyeT OTHECTH CIa0yI0
YCTOWYMBOCTB K BO3BPATHBIM 3aMOPO3KaM, HU3KYIO 3aCyX0-
YCTOHYHMBOCTB U €J1a0YI0 YCTOMINBOCTD K TPUOHBIM OOJIE3HSIM.

Copt Banepuii UkaJioB (cesiHer] 0T CBOOOHOTO OIbLIIe-
Hus copra KaBkasckas Po3oBast) BeiBeren coBmectHo OHI]
um. 11.B. Muuypuna u UHCTUTYTOM OpOIIAEMOro caaoBOA-
ctBa YAAH. O0nanaer cpeHeil yposkaiiHOCTBIO, 3aCyXO0YyC-
ToiumB. [Tn0IBI paHHETO CpOKa CO3peBaHus (HaYaI0 UIOH:A),
XOPOIINX CTOJIOBBIX KadecTB. OTpUIaTeIbHBIMU Ka9eCTBAMHU
SIBJISIFOTCSI CPEIHSISI 3MMOCTOMKOCTB, ci1abasi yCTOWYMBOCTh K
BO3BPAaTHBIM 3aMOPO3KaM U HEIOCTATOYHAS YCTOWYNBOCTh K
TPUOHBIM OOJIE3HSIM.

Copr Diipopus (kion copra Bocxon) coznan Ha Kpbim-
ckoit OCC BUP. [Tnomsr panHero cpoka co3peBaHus (Ha4aIo
WIOHS), KPYITHBIE, ITUPOKOOKPYIIION (hOPMBI, O4E€Hb XOPOIINX
CTOJIOBBIX Ka4€CTB. 3UMOCTOMKOCTB, 3aCyX0yCTOWYUBOCTD U
YPOKaHOCTb BBICOKHE.

Copr SIpocaaBHa (cestHeI OT CBOOOTHOTO ONBUICHUSI COpTa
Jporana XKentast) oroopan Ha Apremosckoit OCC (Ykpauna).
[I07161 OUEHB paHHETO CPOKa CO3peBaHMUS (KOHEIl Mast), KpyTI-
HBIC, CEP/IIEBUIHO-OKPYIIIOH (POPMBI, XOPOIIMX CTOJOBBIX
Ka4ecTB. YPOXKaHHOCTb U 3aCyXOyCTOMYHMBOCTbH BBICOKHE.
OTpunarenbHOEe KadeCTBO COpPTa — ciadast yCTOMYMBOCTE K
BO3BpAaTHBIM 3aMOPO3KaM.

B pesynbrare ucKycCTBEHHOIO ONBbIIIEHHSI IOy Y€HBI TUI0JIbI
COPTOB UEPEIIHN OT THOPUIHBIX KOMOMHaIN: Banepmit Uka-
n0B X CButxapt, KpacHonapckast panssis X Kpynnorutognas,
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SpocnaBna x CButxapt, Didopus X CBUTXApT, KOTOPbIE UC-
MOJIB30BAJINCH B JANTbHEHIIINX HCCIIEI0BAHMSAX.

[ToBEpPXHOCTHYIO CTEPHIIM3ALIMIO CEMSH OT CarnpopUTHON
MHUKPOQIIOpBI TPOBOAMIIN TIOCIIEI0BATEIBHO, OCYILECTBIIS
MIPOMBIBKY TJIOZIOB C MBIIOM, @ 3aTEM HX OIOJIACKHBAHUE.
Crepnin3annio KOCTOYEK M CEMsIH BBIIOIHSIN B BOAHOM
pactBope aesuHpumppyromiero npenapara HAZ TABS (ua
ocHose xjopa) — 4.75 r Ha 500 mn H,O. 3apoxaeimuu BeI-
Ca)KMBAJIM B CTEPUIIBHBIX YCJIOBUSIX B JJAMHHAPHBIX OOKCAX
BJI-12, Ha paHee NPUTOTOBJIEHHBIE MUTATEIbHBIE CPEAbI B
CTEKJITHHBIE IPpoOupKHu auameTpom 30 MM 1 BBICOTOH 140 MM.
[ToBTOPHOCTH OMBITOB ABYKpaTHast, 1o 20 IIpoOUPOK B KaX 10
MOBTOPHOCTH. 3apO/IBIIIHN BBOIWIN B KyIBTYpy Ha 33-i AeHb
M0CJI€ UCKYCCTBEHHOTO OIBUICHHS I[BETKOB, O€3 CTa Uy TO-
Kost ceMsiH. [Iporiece KyIbTHBHPOBAHUSI TIPOXOIMII B CIICTIU-
aNbHOM KOMHATe — CBeTO3aJle, Ha CTeJUIaXxax, IPU OCBEICH-
HocTH 1 M2 cTemTaxka By Mst JIaMIIaMu THEBHOTO cBeta JIJ1-40
¢ 16-4acoBbIM (OTOIIEPHOIOM, TIPH TEMIIEpaType BO3ayXa
+24+1 °C.

ITpn npoBeneHNM ckapUpUKAMH KOCTOYKA HAMU OTMeE-
YEHO, YTO HEPEIKO OHU CO/ICPIKAIIH «HEBBIITOTHEHHOE)» CEMsI
(TmycTBIe KOCTOUKH), T.€. IIOCJIE ONBUICHHS OIUIOJOTBOPEHHE
HE MTPOM30IILIO WIIH 3apOBIIIN He C(OPMUPOBAINCH. IMOPHO-
CraceHre HaYMHAII C IPaBUIIBHO ITO00PAaHHON INTATENEHOH
Cpeabl, KOMIIOHEHTHI KOTOPOH JOJKHBI COOTBETCTBOBATH CTa-
JMH pa3BUTHUS 3apofslma. B xone mpensiaymux HapaboTok
(Kosasenko, [Tomusapa, 2014, 2016; Koanenxko, 2017) Hamu
ONTHMU3UPOBAHbI MUTATEIbHBIE arapu3UPOBAHHBIC CPEIbI JUIS
KyJIIBTHBUPOBAHHS 3aPOJBIIIEH YEPEITHN Ha OCHOBE COCTaBa
cpeas! Mypacure u Ckyra u Prunus. B pe3ynsrare Bel1e/1€HbI
cpensl M, u Pr, (Tabm. 1). B 2017-2019 rr. npu nposeaeHun
UCTIBITAaHUN ObliIa JIOTIOJTHUTEIBHO BKIIFOUCHA IMHUTATENbHAsS
cpena CmupHoBa (cM. Tab. 1).

Pesynbratbl

BBon B KynbTypy 3apOAIbIIIEH, ITOTyYeHHBIX OT YETHIPEX KOM-
6HHaHMﬂ CKpeuiMBaHusd, Ha UCKYCCTBCHHLIC IMUTATC/IbHBIC
cpezbl ObUT OCYIIECTBIICH B KOHIIE Masi — Havajle HIoHA. Bbl-
OpaKkoBKy IO CTETCHH MHOHUIMPOBAHHOCTH 3apOJbILICH,
BBEJICHHBIX B KYJIbTYPY, IPOBOJWIIN YEPE3 KAXKIbIC [IATh IHEH
(Tabm. 2).

[TpoueHTHBIN BBIXOJ] )KHU3HECIIOCOOHBIX CESIHIICB Ha TPEX
M3y4aeMbIX cpeiax ObuT IpuMepHO orHaKoB: oT 40 10 75 %
Ha Pr;, ot 40 10 80 % Ha M, 1 ot 40 10 70 % na CMupHOBa,
B 3aBUCUMOCTH OT THOPUIHOM KOMOHHAIHH (CM. TaOII. 2), 9TO
CBUACTCIILCTBYET 06 HUJACHTUYHOCTHU PACTUTCIILHOI'O MaTcpura-
7a u cocoba ero crepmnu3anun. Hanbonemas nHOUIIPO-
BAaHHOCTH CEMsIH HaOmonanach y ruOpuaHONd KOMOMHAIIH
SIpocnasna x Ceurxaprt: 35 % na Pr, 40 % na M, u 50 % na
cpene CMupHOBa. MakCHManbHOE KOJIMYECTBO HEXHU3HECTIO-
COOHBIX CESHIIEB, B TOM YHCIIE ATbOMHOCOB, HAOIIOIATIOCH B
xoMOuHanuu Diipopus x Ceurxapt: ot 20 % na M, 10 35 %
Ha Pr, u nuTarensHOi cpene CmupHOBa. OueHb XOpolnHe
MOKA3aTeJN BBIX0/1a KM3HECIOCOOHBIX 3apOIBIIICH, CY/Is 110
pe3yJbTaTaM IPOopalUBaHUs CESTHLUEB B KyJIBTYPE, OIy4YECHbI
Hamu B THOpuIHON KomOuHammy KpacHomapckass paHHSS X
Kpynuomnonnas — 70-80 % (cm. Tabn. 2).

B xone HaOiroAEHMI 32 CKOPOCTBIO MPOPACTAHUS M I10-
CJIETyIOIIMM MOP(OTEHE30M 3apOoJblIieii B KyIbType OTMe-
YEHO CYNIECTBEHHOE BIMSHME T€HOTHIIA HA 3TOT IPOIECC.
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Table 1. Optimal composition of nutrient medium
for sweet cherry germ culturing

Component Concentration, mg/L

M4 .................. Pr1 ................... Sm,mov ; ......
KN031900 1800 .............. 30 ..................
NH4NO 3 ................................ 1 650 .............. 4000 .............. R
M95047H20 ....................... 370180 ................. 740 ................
Cac|22|.|20 .......................... 332 ................. S R
KHZPO4 ................................. 270 ................. 270 ................. R
Mn5044|.|20 ....................... 241 ................. 76 ................... R
Znso47H20 ........................ 86 .................. 86 .................. 22 .................
H3803 .................................... 52 .................. 6214 .................
Cuso45|.|20 ........................ 0025 .............. 0025 .............. 0004 .............
Na2M0042H20 ................... 025 ................ 025 ................ R
C0C|26H20 .......................... 0025 .............. 0025 .............. R
Fe504 7Hzo ......................... 278 ................ 278 ................ R
NaEDTAZHZO .................... 373 ................ 373 ................ R
Ascorblcaod10 .................. 20 .................. R
Th,am,nqu ....................... 05 .................. 05 .................. 01 ..................
pyndox|ne|-|c| ..................... 05 .................. 05 .................. 01 ..................
N|Cotm|cac|d ....................... 05 .................. 05 .................. 05 .................
Sucrose ................................. 20000 ............ 30000 ............ 20000 ...........
Agar ...................................... 65 .................. 67 .................. e
GBAP .................................... 08 .................. 05 .................. R
KJ ........................................... 008 ................ 008 ................ 065 ...............
Nazso4 .................................. . . 200 ................
FEC6H5073H20 ................... SR SR 35 .................
M nc|24|.|20 ......................... R R 36 .................
Na2M0042H20 ................... R R 0025 .............
Kc| ......................................... R R 65 ..................
NaHZPO42HZO .................... SR _186 ...............
Ca(NO3) 2 ............................... R 332 ................. 200 ................
pH .......................................... 56_58 ........... 57 .................. 48_52 ..........

Habmnronanach oHaKOBasi peakius 3apojbliieii Ha OagaHc
(PUTOrOpMOHOB B NMUTATEIBHOM cpene, HE3aBHCUMO OT MX
TEHOTHITNYECKOTO MPONUCXOKACHHSL.

B ornume ot nutarensHol cpeasl CMHPHOBA, JBE pY-
rue cpenasl (M, m Pr)) moMuMo MomHOro cocTapa Makpo-
MHUKpPO3JIEMEHTOB 110 nporucu Mypacure u Ckyra UMeEIOT
OHpe)leHeHHbIﬁ JIMMUT JOITY CTUMBIX 3HA4YEHUH 110 IMUTOKHUHHU-
"y — 6-bAIl ot 0.5 mr/in B cpene Pr, o 0.8 mr/n B cpene M,
a TaKke aCKOPOMHOBOM KHCIOTHI — 2.0 MI/J B MUTATEILHOMN
cpene Pry u 1.0 mr/n B cpene M,,. Paznuuarorcs >1u J1Be cpesibl
U TI0 COZIEPIKaHMIO caxapo3sl (cM. Tabm. 1). [lormwkeHHOE CO-
Jiep>KaHHUEe caxapo3bl ITOyIEeHO TakKe B IIUTATEILHOM cpeie
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Table 2. The results of the culturing of germs of sweet cherry
intraspecific hybrids* on the modified nutrient medium

Hybrid combination Number of embryos
infected  viable unviable

Modified nutrient medium Pr,
Valeriy Chkalov x 10 (25) 26 (65) 4(10)
Sweetheart
Krasnodarskaya Rannyaya x 4 (10) 30 (75) 6(15)
Krupnoplodnaya
Yaroslavna x Sweetheart 14 (35) 16 (40) 10 (25)

Valeriy Chkalov x 6(15) 28(70) 6 (15)
Sweetheart

Krasnodarskaya Rannyaya x 4 (10) 32 (80) 4(10)
Krupnoplodnaya

Yaroslavna x Sweetheart 16 (40) 16 (40) 8(20)
Euphoria X Sweetheart 12(30) 20 (50) 8(20)

Nutrient medium Smirnova

Valeriy Chkalov x 14 (35) 20 (50) 6(15)
Sweetheart

Krasnodarskaya Rannyayax 6 (15) 28 (70) 6(15)
Krupnoplodnaya

Yaroslavna x Sweetheart 20 (50) 16 (40) 4(10)
Euphoria x Sweetheart 8(20) 18 (45) 14 (35)

* Forty embryos for each hybrid combination.

CwmupHoBa. O603HaUEHHBIE PA3TNIHS B COCTABE ITUTATEIIFHBIX
Cpe/ CKa3bIBAJIHMCh Ha JAIBHEHIIIEM Pa3BUTHH 3apObIIICH
uepenny. Hanuuue nuroxununos (6-bAIT) B cpenax M, u Pr,
YCKOPSITIO MOP(OTeHe3 3apOoAbIIICH, CTUMYIUPYS ACICHNE
KJICTOK, a KyJbTHBUPOBAHNE 3apOJbIIICH HA MUTATCIHLHON
cpene CMupHOBa ObLIO yCICITHBIM 1 0e3 1o0aBneHus 6-BATL.

LIMTOKHHUHBI MHAYIUPYIOT KIIETOYHOE JICTICHHE 3apOJIbIIIIa.
Hauano Mmopdorenesa, 1o Bceit BUANMOCTH, TOCTHTACTCS BO3-
nericrBueM ¢uroropmona 6-bATIl. B Hammx onbiTax Hanbosee
AKTHUBHO 3TO TMPOHCXOIIIIO TIPH ero KoHIeHTpanuu 0.8 Mr/im.
B nuTarensHO# cpene M, OTCYTCTBOBaIM ayKCHHBI, Kak M
B cpene Pry, rne xoHueHrpanus ¢utoropmona 6-BAII co-
crasuia 0.5 Mr/T. DTUM OHM OTVIMYAJINCE OT OoJiee «OeTHOI»
cpensl CMupHOBa, 0e3 pUTOrOPMOHOB M ¢ Oojee HHU3KOH
KOHLIeHTpaLlPIeﬁ BUTaAMHHOB.

CozepkaHne B JIByX MEPBBIX MUTATEIBHBIX CPEAAX HUT-
paroB, NOHOB AMMOHUS, KaJMsl, KaJbLUs, [IMHKA, XKele3a 1
MarHus B JIOCTaTOYHOM KOJIMYECTBE, BEPOSTHO, CIIOCOOCTBO-
BaJIo Oojee OBICTPOMY POCTY KIETOK B CPAaBHEHUH C TPEThEH
Cpesioi, 0 YeM MOXKHO CYJHUTBH O KOJIMYECTBY MPOPOCIINX
3aponbiiieit (tadm. 3). Kak BUJHO U3 pe3ysibTaToB pa3BUTHS
3apofbIeil OT BCeX THOPUIHBIX KOMOMHAIMI BHYTPHUBH-
JIOBBIX CKpPEIIMBAaHMM, OoJiee aKTUBHBIN POCT ITPOMCXOHIT
Ha TIUTATENbHBIX cpenax My u Pry, rae Toibko 4acTh 3apo-
JIBIIIEH OT CKpermBaHus Diidopus x CBUTXapT ocTaBajach
B TIOKOE JI2)KE Yepe3 CeMb MECSIIEB ITOCIIE TTOCAIKH CeMSH
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Table 3. The results of germ culturing depending on the genetic
origin of sweet cherry hybrids and on the nutrient medium

Viable,
pc

Hybrid combination Sprouts
pc %

Modified nutrient medium Pr,

Valeriy Chkalov x Sweetheart 26 26 100

Kra snOd arSkayaRannyaan ...... 30 .................... 30 100 ...........
Krupnoplodnaya

yarosbvnaxSweetheart ........... 16 .................... 16 1 . 00 ...........
Eupho,.axsweetheart .............. 20 .................... 12 ............... 60 .............

Krasnodarskaya Rannyaya x 32 32 100
Krupnoplodnaya

Krasnodarskaya Rannyaya x 28 18 64
Krupnoplodnaya

Yaroslavna x Sweetheart 16 14 87.5
Euphoria x Sweetheart 18 6 33

(cm. Tabmn. 3). IMurarensHas cpena CMHpHOBa, KOTOpas He
COZIEP’KUT ayKCHHOB, [IUTOKMHUHOB U BUTaMuHa C U OTIH-
4JaeTcs JOBOJFHO HU3KKUM COAep)KaHueM caxapossl (20 1/im),
T.€. B LICJIOM «HEHTpasbHas» MO COCTaBy, OKa3ajach MEHEE
MIPUEMIIEMOMN JJIs1 aKTUBHOTO pa3BUTHS 3apoablieii. OnHako
CIIeZyeT OTMETHUTD, YTO HA TaKOH 00€AHEHHON MUTATeIFHON
cpezie Xopolee pa3BUTHE U POCT 3apOJbIIICH HAOMONAINCh
Juiss KoMOMHaIMi ckpeuguBanusi KpacHogapckasi paHHss X
Kpymromnonnas u SIpocnasaa X CBUTXApT.
[IpomomxuTenbHOCTS NEPHUOJA OT AAThl MOCAAKH CEMSH
Ha MUTaTeNbHbIE CKYCCTBEHHBIE CPEJIbl 10 UX MPOPACTaHUs
BapLUPYET OT 56 110 71 nns Ha cpenie M, u ot 102 1o 106 nueit
Ha cpefie Pr,. Ilpu BBOJIE B KyNbTYpY 3apojibIleil uepelHu B
KOHIIE Masi UX aKTUBHOE MPOpacTaHHUe MPOUCXOIUT B UIOJIE:
B IIEPBOM JIEKAJIE — HA MMUTATENLHOM cpene M, BO BTOPOH —
Ha Pr|. Ha nurarensroi cpene CMUPHOBA MK TPOPACTAHKS
3apozblILeH IPUYPOUYEH KO BTOPOU-TPETHEN JEKaE aBrycra,
YTO B LIEJIOM XapaKTEPHO JUI BCEX KOMOMHAINI CKpeInBa-
HUSL. AKTHBHOCTB NIPOpacTaHusl THOPUIHBIX 3apObIIel Ha
Tpex cpefax B OJHOM MOBTOPHOCTH MPECTaBIeHA Ha pUC. 1.
IMurarensHas cpena M, Ha ocHOBe conel cpeasl Mypa-
cure u Ckyra, umest B cBoeM coctase 0.8 mr/m 6-BAIl, mo-
HI)KEHHOE KOJIMYECTBO aCKOPOMHOBOW KUCIOTHI (1.0 Mr/im) 1
caxapossl (20 r/i1), B CpaBHEHUM C MUTATENLHOU cpenoit Pr,
obnayaer Gosee MPUEMIIEMBIM COCTaBOM ISl YCKOPEHHOTO
Pa3BUTHS 3apOABIIIEH B CEMEHAX COPTOB YEPEIIHH.
Vcrionb3oBaHKe KyIbTypbl TKAHH UMEIIO TTOJIOKUTETbHBIN
pe3yabTar 1aXe B TeX cIydasiX, Korja MpOpPOCTKH, OIyYeH-
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KynbTuBupoBaHwme 3apogpiLueit in vitro rmépupos
|paHOCO3peBaloLWMX COPTOB YepellHu (Prunus avium L.)

a pc Modified nutrient
10+ medium

\ Smirnova

29 May June July August  September

Fig. 1. The germination dynamics of germs from hybrid combinations:
(a) Valeriy Chkalov x Sweetheart, (b) Krasnodarskaya Rannyaya x Krupno-
plodnaya, (c) Yaroslavna x Sweetheart, (d) Euphoria x Sweetheart.

HBIC M3 TKaHU CTEONsI, OBUIN JIMIICHBI MEPBUYHOTO KOPHSI.
Oco0eHHO 4acTo TaKKe MPOPOCTKH HAOIIOIAaIKNCh Y THOPU/IOB
Kpacuonapckas panuss X Kpynaomnonnas (puc. 2).

3aKnoyeHune

B xoze paGoThI 1o IporpamMMe «paHHEE CO3PEBAHNE U KPYITHO-
TUIOTHOCTBY OCYIIECTBIISIIOCH KyIIETUBUPOBAHUE i7t Vitro 3apo-
JIbIIICHT BHYTPUBHIIOBBIX THOPUIOB OT YEThIPEX KOMOMHAIIMI
CKPEIINBAHUS NEPCIIEKTUBHBIX COPTOB U JOHOPOB UEPEIIHH:
Banepuii Ukanos x Ceurxapt, Kpacnonapckas panssisa x Kpyn-
HortoHast, SIpocinaBua x Ceutxapt, Didopus x CBUTXAPT.
Vcrions30BaHHBIE COPTA CUUTAIOTCS MEPCIEKTUBHBIMU IS
KOHKPETHOM PKOJOTMYECKOI 30HBI TUIOAOBOJICTBA M CITYXKaT
JIOHOpaMH TPHU3HAKOB AJIS MONTYYEHHUS CENEKIIMOHHOIO Ma-
Tepuaja COPTOB YEpPEIIHN PaHHETO cpoka co3peBanwus. [o-
CJIe ICKYCCTBEHHOTO ONBbUICHHS ObUIA IPUMEHEHA KYJbTypa
3apobllIeH in Vitro, 4To Aano Oosiee 3HAYUMBIH dPPEKT OT
THOPUAN3AIMN U BBICOKHH BBIXOJ CESIHIIEB B CPABHEHHHU C
TAKOBBIM B ITOJIEBBIX YCJIOBHUSX CEJICKIMOHHOTO MTUTOMHHMKA.
OnTuMH3KMpOBaH Npolecc 00e33apaXkuBaHus MI0I0B, KOCTO-
YeK ¥ CEMSH YEpEIHH Nepel KyIbTHBUPOBAHUEM, KOTOPBIH
3aKJII0YACTCS B IOBEPXHOCTHON CTEPHIIM3ALINH OT CarpoQuT-
HOW MUKPOQIIOPBI: IPOMBIBKA I1I0JIOB B MBIJIBHOM PacTBOpE
C TOCIETYIONNM OMOJACKUBAHUEM BOOH; CTEPHIN3ALIIMS
BBIJICJICHHBIX KOCTOUCK M CEMSTH BOIHBIM PacTBOPOM JE3HH-
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Fig. 2. Sweet cherry seedlings lacking the primary root: (a, b) Krasnodarskaya Rannyaya x Krupnoplodnaya, (c, d) Yaroslavna x
Sweetheart.

¢unmpyromero npenapara HAZ TABS (na ocHoBe xiopa) B
koHueHTparuu 4.75 r Ha 500 M1 BOZIBI.

ITo pesymbTaram BBIOpAaKOBKH MPOOMPOYHOTO Marepuaia
¢ MHOUIMPOBAHHBIMHU U HEKU3HECIIOCOOHBIMH 3apO/IbIIIIa-
MU YEpEeIIHH, MPOLEHT BBIXOJA KU3HECIIOCOOHBIX CESIHIIEB
Ha BCeX MHUTATEeNbHBIX cpenax (Mypacure m Ckyra, Prunus,
CMmupHOBa) 0611 TpuMepHO omHakoB — oT 40 10 80 % B 3a-
BUCHUMOCTH OT TUOPHTHOM KOMOWHAIMH, YTO CBUJICTEIILCTBYET
00 HJIEHTUIHOCTH PACTUTEIHHOTO MaTepraia U crocoda ero
CTEepUIIN3AIMH. XOPOIIUE ITOKA3aTeIN BEIX0/[a XKU3HECTIOCO0-
HBIX 3apOJIBIIICH HAOIIONAINCH Y THOPUIHON KOMOWHAIMH
Kpacnonapckast pannsis X KpynHomionHas.

OnTuManbHBIMHI TTapaMeTpaMH MUTATEIbHBIX CPEJL Ha ATare
BBOJIA B KYJIBTYPY 3apO/ibllliel THOPUIOB YEPEIHHU 1 JaIbHel-
IIEr0 NX MPOPAIINBAHUS SIBJISAIOTCS: MOJHBIN COCTaB MAKPO- U
MHUKPOJIEMEHTOB N0 nporncu Mypacwure u Ckyra; 61osoru-
4yecku akTuBHbIe BenecTsa (6-BAIT 0.8 mr/i, 6e3 ayKcHHOB)
1 BUTaMUHBI (ackopOuHoBas kuciota 1.0 mr/m, tnamua-HCl
0.5 mr/t, mupunokcuH-HCI 0.5 Mr/n, HUIKOTHHOBAs KUCIIOTA
0.5 mr/i), npu nob6asnenun B cpeny 20 r/n caxapossl. [lpu
UCTIONIb30BAaHUU TPEX MHUTATEIbHBIX CPEN C PA3IHYHBIM CO-
CTaBOM aKTHBHBIX BEIIECTB MITH JIa’Ke NX OTCYTCTBHEM (Cpena
CMHpPHOBA) YCTAHOBIICHO BJIMSIHUE COPTOCICUU(UIHOCTH U
KOHIIEHTPAIIMH BEIIECTB Ha HAYAJIO POCTA 3aPOABIIIEH, KyJlb-
TUBHUPYEMBIX i1l Vitro. AKTUBHBIH POCT CESHIIEB HCCIIETyeMbIX
TMOPHIHBIX KOMOMHAIMH IIPOMCXO/IUT B UIOJIE, T. €. IPUMEPHO
yepe3 1.5 mMecsima nocie BBoza B KyJIBTYpY.

D¢ deKTUBHOCTD BBHIPAIINBAHUS THOPHTHBIX CESHIIEB de-
PELLHU paHHETO CPOKA CO3PEBAHUSI C IPUMEHEHHEM KYJIBTYPbI
3aposIiei OecCropHa, MOCKONBKY JaeT MOJIOKUTEITBHBIN
pe3yibTaT B OTHOLICHWM HE TOJBKO BBIXOJA CESHIIEB, HO
Y BO3MOXKHOCTH MOJYYEHHUS] THOPUIOB B TOJl POBEACHUS
THOPUAN3AINHN, YTO COKPAIAET CENEKIIMOHHBIN MpOoIiece 0
MEHBIIEH Mepe Ha JIBa roja.
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Structuring ampelographic collections by phenotypic characteristics
and comparing the reaction of grape varieties to climate change
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Modern climate changes task breeders to adapt viticulture to the new natural resource potential of the regions. A necessary
condition is the assessment and analysis of current trends in changing the characteristics of contrasting groups of varieties.
The aim of the study is to identify homogeneous groups of varieties of an ampelographic collection and to compare the
rates of reaction of their agrobiological parameters to climate changes. Material for the study consists of observations of
21 agrobiological characteristics of 109 grape varieties from the Don ampelographic collection named after Ya.l. Potapenko
(Novocherkassk) with an observation period from 10 to 36 years in 1981-2017. The sample included Vitis vinifera L. variet-
ies and the V. vinifera L.x V. labrusca L. and V. vinifera L.x V. amurensis Rupr. interspecific hybrids, and hybrids from crosses
between V. vinifera L. and several American species. Homogeneous groups of characteristics and varieties are identified
by principal component analysis (PCA) and analysis of variance (ANOVA) methods. Trends in changing the agrobiological
characteristics of the varieties and groups of varieties are calculated. PCA revealed that the main differentiating factor of
the studied fragment of the ampelographic collection is the size of the bunch; the second, the yield; the third, the time of
ripening. The values of the factors are contrasting in varieties of different directions of use and taxonomic origin, which
was confirmed by ANOVA. The groups of the V. viniferax V. labrusca and V. vinifera x V. amurensis hybrids do not differ sig-
nificantly from each other in most indicators, exceeding V. vinifera varieties in the number of elements of productivity,
winter hardiness and yield. Complex hybrids with American species have an intermediate position between these groups
exceeding all groups in bunch weight. All groups of cultivars show trends towards a reduction in productive period, an
increase in the mass of bunch and yield, sugar content and a decrease in acidity. The V. viniferax V. labrusca hybrids are
distinguished by the highest growth rate of the bunch mass caused by a reduction in the duration of active growth and
a decrease in the percentage of fruit-bearing shoots. A higher reduction rate of the production period and a decrease in
acidity were observed in later varieties. Regression analysis showed that the acceleration of the ripening of grapes is largely
due to rising temperatures.

Key words: ampelographic collection; climate change; information system; time series; agrometeorology; adaptability.
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CTpYKTYpUpOBaHue aMIlejorpadnuueckoii KOJJIeKIINN
110 (heHOTUIINYECKMM XapaKTepUCTKaM I CpaBHeHIe
peaxkIiiyi COpTOB BUHOrpaJa Ha 3MeHeHNe KayMara
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CoBpeMeHHble U3MeHeHVA KMmaTa CTaBAT 3afadvy aganTtauym BUHOrpagapcTsa K HOBOMY NPUPOAHO-PECYPCHOMY NMOTEH-
umany pervoHoB. HeobxogumbiM ycnoBreM LA STOro ABNAIOTCA OLEHKAa U aHann3 CoOBPeMEHHbIX TeHAEHUWI U3MeHeHWA
arpobMoNorNYecKrx XapakTePUCTMK KOHTPACTHbIX rpynn copToB. Llenbio nccnepoBaHvs 6bi10 BblgeneHne OfHOPOAHbIX
rpynn copToB amnenorpaduyeckoil KonneKkumMm n cpaBHeHe CKOPOCTEN peakuun nx arpobronornyeckmx rnokasartenem
Ha KaMmaTtnyeckne nameHeHus. Matepuanom na UCCNEROBaHMA NOCAYKUM HabnofeHna 3a 21 arpobuonornyecknm
nokasartesiem 109 copToB BrHOrpaaa [JoHcKon amnenorpaduyeckoi konnekummn num. A.1. NMotaneHko (r. HoBouepkacck) ¢
nepuopom HabnogeHus ot 10 fo 36 net B 1981-2017 rr. B BbI6OpKY Bownu copta Vitis vinifera L. n mexxBrpoBble rmbpugbl
V. vinifera L.x V. labrusca L., V. vinifera L.x V. amurensis Rupr., V. vinifera L. ¢ HECKONbKMN aMepuKaHCKMK Bugammn. Me-
ToAaMuM aHanu3a rnaBHbiX KomnoHeHT (PCA) n gucnepcnorHoro aHanu3sa (ANOVA) BbigeneHbl OQHOPOAHbIE rpynnbl Npu-
3HaKOB 1 COPTOB. PaccunTaHbl TpeHAbl arpobronornyeckmx nokasartenen coptos 1 rpynn coptos. Metog PCA nossonun
BbIABWTb, YTO rMaBHbIM AgnddepeHumpyowmnm GpakTopom nyyeHHoro ¢pparmeHTa amnenorpaduueckon Koniekumm ABnsa-
eTcA KPYNHOCTb FPO3AU, BTOPbIM — YPOXKaNHOCTb, TPETbUM — CPOK CO3peBaHUA. 3HauyeHUA GaKTOPOB KOHTPACTHbI Y COPTOB
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pa3HOro HanpaefeHNA NCMOMb30BaHMA N TAKCOHOMMYECKOro npoucxoxaeHus, uto nogreepann metogq ANOVA. Mpynnbl
rmbpugos V. viniferax V. labrusca v V. vinifera x V. amurensis OCTOBEPHO He OTAMYAOTCA APYr OT Apyra No 6ONbLUNHCTBY
rokasatenei, npeBocxofs copta V. vinifera no KonuuecTsy 3n1eMeHTOB NMPOAYKTUBHOCTM, 3VIMOCTOMKOCTU U YPOXKAMHOCTL.
KomnnekcHble rnbpuabl C ameprKaHCKMU BUAAMM 3aHUMAIOT MO STUM MPr3HaKaM NMPOMEXYTOUYHOE MOSIOKEHNE, OAHAKO
NPeBbILIAOT BCE rPyMMbl MO Macce rpo3an. Y BCex rpynn copToB Habnofanmncb TpeHAbl K COKpaLLeHMI0 NPOAYKLMOHHOTO
nepuoaa, yBenmyeHrno Maccbl rpo3an U YPOXKaiHOCTY, POCTY CaxapUCTOCTV 1 YMEHbLLEHWNIO KUCTIOTHOCTW. Bbigensatotca rnb-
pugbl V. viniferax V. labrusca Hanbonbluei CKOPOCTbIO COKPALLEHVA NPOAOIIKUTENBHOCTY aKTUBHOIO POCTa, CHUXEHNEM
LONN NSIOLOHOCHBIX MOOEroB 1 yBenmyeHnem macchl rpo3au. bénbluas cKopocTb COKpaLleHrsa NPOoAYKLUOHHOIO Nepuoaa
1 YMeHbLUEeHWe KNCIIOTHOCTY OTMeYeHbl y 6osiee MO3AHMX COPTOB. PerpeccnoHHbIf aHam3 nokasari, UTto yCKopeHue co3pe-
BaHVA BMHOrpaja NpoVCXOAMT B 3HaUMTENbHOW CTENEHW 13-3a poCTa Temneparyp.

KnioueBble cnoBa: amnenorpaduyeckasn KOMIeKLMa; U3MeHeHve KnmaTa; MHGopMaLMoHHas CUCTeMa; BPEMEHHbIe PAAb;

arpomeTteoponornA; aganTMBHOCTb.

Introduction

Modern climate change has become a significant factor for the
viticulture in many countries (Jones, 2012; Vrsi¢, Vodovnik,
2012; Quenol et al., 2014). A scientific basis for the program
of adapting viticulture to current and expected climate changes
are the creation of phenotypic databases of grape genetic
resources (Delrot et al., 2019; Hausmann et al., 2019), an as-
sessment of trends in the dynamics of economically important
traits (Jones, 2012; Choudhury, Jones, 2014), as well as their
modeling and forecasting (Molitor et al., 2014; Quenol et
al., 2014). Plant phenology was found to be very sensitive to
climate change (Cleland et al., 2007; Santibafiez et al., 2014),
and this fact has revived interest in mathematical models of
phenology, in particular, to the sum of growing degree days
and the sum of effective daily temperatures during the growing
season (Cleland et al., 2007; Molitor et al., 2014; Santibafiez
et al., 2014). However, the accuracy of phenological models
is still insufficient (Richardson et al., 2012).

Previously, the data accumulated from 1981 through 2011
for a sample of 20 grape varieties from the Don ampelographic
collection was used in a study of the dynamics of the ripening
time duration, which demonstrated uniformity of the variet-
ies’ response to changes in agro-climatic factors (Naumova,
Novikova, 2013, 2018). To identify the agro-climatic factors
determining the development of plants, a regression model (1)
was constructed by a method modified for the time series, i. .
pre-differenced variables regression. The analysis in differ-
ences allows improving the quality of time series models by
removing the agricultural engineering trend (Eliseeva et al.,
2007; Sirotenko, 2012; Wenjiao et al., 2013; Iler et al., 2017).
The method consists in the regression analysis of the relation-
ship between the annual increments of the indicators, denoted
by A. It was shown (Naumova, Novikova, 2013, 2018) that
duration of the grape ripening time (N) depends on the total
temperatures above 20 °C (3.T,) and on duration of the spring
period with temperatures of 10-15 °C (N,,_;5):

AN=-0.154-0.013-AY Ty, +0.353 AN, 5 R2=0.69, (1)

where R? is the equation determination coefficient.

The adaptive potential of a grape plant is strongly dependent
on the variety origin (Negrul, 1946; Troshin, 1999; Nosulchak,
2015; Zarmaev, Borisenko, 2018). In the 1960s-1980s, it be-
came clear that the possibilities of intraspecific breeding of the

European-Asian species Vitis vinifera L. had been exhausted,
and breeding at the interspecific level was intensified, espe-
cially for obtaining varieties resistant to pests, diseases and
low temperatures (Nosulchak, 2015). An American and East
Asian species V. labrusca L. was widely used in breeding for
increasing frost, disease and pest resistance, and V. amurensis
Rupr. for creating early-maturing and frost-resistant varieties
(Zarmaeyv, Borisenko, 2018). When working with large col-
lections, including ampelographic ones, there appear the tasks
of evaluating polymorphism, structuring the collections, and
identifying homogeneous groups in them, which are solved
by multidimensional statistics (Cunha et al., 2009; Ledo et al.,
2011; Lamine et al., 2014). Previously, the authors have stud-
ied dynamics of the main agrobiological indicators observed
for at least 5 years and more for 106 varieties of V. vinifera L.
and hybrids of V. vinifera L. x V. amurensis Rupr., and revealed
differences in overwintering factors for the varieties of differ-
ent origin (Novikova, Naumova, 2018). To date, the authors
have expanded the database and created a program for the
agrometeorological analysis of time series of observations
over a large number of varieties, which allowed the inclusion
of a group of other interspecific hybrids in the present study.

The purpose of the study was to identify homogeneous
groups of varieties in the ampelographic collection and com-
pare the rates of their agrobiological indicators response to
climate change.

Materials and methods

The materials used in the study were the results of observations
in 1981-2017 over 109 grape varieties from the Ya.l. Pota-
penko Don ampelographic collection. The study was carried
out on the accessions with agrobiological data recorded within
10 to 36 years. Four groups of different taxonomic origin
were studied (Table 1): varieties and intraspecific hybrids
of V. vinifera, complex hybrids of V. vinifera with several
American species (V. rupestris Scheele, V. riparia Michaux,
V. lincecumii Buckley, etc.); as well as hybrids of V. vinifera x
V. labrusca; and V. vinifera x V. amurensis. According to the
type of use, two groups were distinguished, that is, of wine
and table varieties. To enlarge these groups, 7 seedless variet-
ies were attributed to the table, and 17 universal varieties to
the wine-type ones. The presented varieties have an average
ripening time from 99 to 152 days, which corresponds to
6 groups of the international Descriptor list (Code..., 1983).
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Table 1. Distribution of accessions in the studied sample according to the taxonomic origin,

type of use, and ripening time

Taxonomic origin Type of use
Super-
early,
<105
V. vinifera Wine 0
Table 4
Hybrids of V. vinifera with several Wine 0
American species Table 1

Ripening time, days

Very early, Early, Mid-early, Medium, Mid-late, Total
105-115  115-125  125-135 135-145  145-155
. 1 ................... 0 .................. 7 .................. 19 ................ 6 .................. 33 ..........
. 7 .................. 4 .................. 5 .................. 2 .................. 0 .................. 22 ..........
. 1 ................... o .................. 4 .................. 5 .................. 2 .................. 12 ..........
. 1 ................... 2 .................. 4 .................. 8 .................. 3 .................. 19 ..........

Eighty-two varieties are cultivated as the covered and 27 as
then the non-covered crop.

The study was carried out on varieties grafted onto the
Kober 5 BB (V. berlandieri x V. riparia) rootstock. The plant
spacing of 3.0 x 1.5 m was used, and no irrigation provided.
Ground water occurred at a depth of 15-20 m and did not
affect the development of vines. The used grape cultivation
technology was common for the northern zone of industrial
viticulture in the Russian Federation. The study of grape
varieties (agrobiological characteristics measurement and
calculation of indicators) was carried out using the methods
commonly used in viticulture (Lazarevsky, 1963). The sugar
content of berry juice and the titrated acidity were determined
according to GOSTs. Twenty-one agrobiological indicators
have been analyzed (Table 2), and the data from the weather
station of the Ya.l. Potapenko Institute of Viticulture and
Winemaking used.

The application of Statistica 13.0 (StatSoft Inc.) helped to
reveal the main differentiating factors and contrasting groups
of varieties by using the method of principal component analy-
sis (PCA). The analysis of variance was applied to investigate
the influence of the factors of taxonomic origin, type of use,
and ripening time. The post hoc comparisons were made by
the Tukey’s test. Many agrometeorological studies of grapes
employ the ‘average varieties’ notion (Davitaya, 1952; Laza-
revsky, 1961), i. e., the annual data averaged for homogeneous
varieties. The ‘average varieties’, i. ¢., the annual indicators
averaged for a group, have been calculated for each of the
identified homogeneous groups.

The VITIS TIME SERIES (VTS) program has been devel-
oped in Delphi 2006 for storing and analyzing the time series
data from observations over agrobiological indicators. VTS
was used for calculating agro-climatic characteristics for the
years of observation (dates of temperature transition above
5, 10, 15, 20, 25 °C (Kelchevskaya, 1971), the sum of tem-
peratures and precipitation for the periods between them), as
well as the sums of temperatures for the varieties’ interphase
periods. The main tendencies in the dynamics (linear trends) in
agrometeorological characteristics and agrobiological indica-
tors of varieties and ‘average varieties’ have been determined.
The trends were calculated as coefficients of linear dependence
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of'the studied characters on the year (Eliseeva et al., 2007) and
for convenience expressed as units per 10 years. Model (1)
was validated by comparing the calculated and actual values
for 2012-2017 which were not used in the model creation.
By using model (1), the temperature-dependent trend in the
ripening time duration was calculated. The significance level
for a study was set at 5 %.

Results
Homologous groups identification. Principal component
analysis. The PCA for 21 agrobiological indicators allowed
identifying three factors which explain 28.9, 20.0, 18.1 %, and
the total of 67 % of the variance, with eigenvalues of 6.1, 4.2,
3.8 (totaling 14.1). A scree plot of factor eigenvalues is given
in Supplement 1'. The main factor differentiating varieties in
the studied sample from the ampelographic collection are the
bunch characteristics (Table 2), such as the bunch mass, the
berry mass, the bunch length and width, and the berry length
and width. There is a negative relation between sugar content
and this factor. In terms of the first factor, there is a contrast
between the groups of table and wine varieties (the level of
significance between differences of the factor mean values is
p=0.000, Fig. 1). Supplement 2 presents the designations of
the type of use and the origin of varieties in different figures.
The second factor is the yield and the positively associated
with it percentage of bud breaks and the number of productivi-
ty elements, as well as the negatively associated date of the bud
breaking onset. In terms of the second factor, there is a contrast
between the varieties of V. vinifera and hybrids with V. labrusca
and V. amurensis (Fig. 1), which are characterized by higher
yields, high winter-hardiness, early bud break, a higher per-
centage of fruiting shoots and fruiting coefficient. The groups
of V. viniferax V. amurensis and V. vinifera= V. labrusca
varieties do not differ between themselves by either the first
factor (p = 0.741) or the second one (p = 0.087). At the same
time, the average value of the second factor in all interspe-
cific hybrids was significantly higher than that of V. vinifera
(p = 0.000 for the hybrids with V. amurensis and V. labrusca;
p =0.006 for complex hybrids).

Supplementary Materials 1-4 are available in the online version of the paper:
http://www.bionet.nsc.ru/vogis/download/pict-2019-23/appx17.pdf
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Table 2. Factor loads of 21 agrobiological indicators

Indicator
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Factor 2 Factor 3

Factor 1

Note. The marked loads are above 0.70.

The third factor is the duration of the ripening time and
interphase periods. There is a positive relation of acidity and
negative of the glucoacidometric index (GAI) with this factor.

Analysis of variance. The influence of the type of use,
taxonomic origin and the duration of the ripening time on the
main indicators differentiating varieties within the sample was
confirmed by the variance analysis. Fig. 2 shows the three main
indicators identified by PCA for 8 groups composed according
to the origin and type of use.

The two-factor analysis of variance showed that table
varieties within the studied sample have, on the average, a
significantly shorter ripening time (124 days) than the wine
varieties (136 days, p =0.000), and a higher bunch mass (300
and 196 g, respectively, p = 0.000). There are no significant
differences in yield (4.7 and 4.1 kg, p = 0.094).

The taxonomic origin distinguished the group of V. vini-
fera x V. labrusca and V. vinifera x V. amurensis hybrids,
which did not differ significantly from each other by the aver-
age values of the ripening time duration (123 and 127 days,
respectively, p = 0.834), yield (6.8 and 5.8 kg, p = 0.491) and
the bunch mass (190 and 210 g, p = 0.943). If compared with
V. vinifera hybrids, those with V. labrusca and V. amurensis
are characterized on the average by higher yields (3.7 kg for
V. vinifera, p = 0.000 for both groups), a lower bunch mass
(235 g for V. vinifera, p = 0.450 for hybrids with V. labrusca
and p = 0.758 for V. amurensis). Also, there was no differ-
ence in the ripening time duration (131 days for V. vinifera,
p =0.199 and p = 0.637). Complex hybrids with American
species are a very polymorphic group, which, on the average,
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Fig. 1. 109 varieties in the space of the first two PCA factors.

Hereinafter: w - wine varieties, t - table varieties. Vw, Vt - V. vinifera,
wine, table; Uw, Ut - hybrids with several American species, wine, table;
Lw, Lt - V. vinifera x V. labrusca, wine, table; Aw, At - V. vinifera x V. amurensis,
wine, table.

exceeds other groups by bunch mass (292 g, p = 0.010 when
compared with V. vinifera, and p = 0.018 in comparison with
hybrids with V. labrusca and V. amurensis). Concerning most
indicators, these hybrids occupy an intermediate position be-
tween V. vinifera varieties and hybrids with V. labrusca and
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Fig. 2. Economically important characters of grape groups of different taxonomic origin and type of use: g, ripening time; b, yield per vine; ¢, bunch

mass.

V. amurensis. If compared with V. vinifera varieties, complex
hybrids are characterized on the average by higher yields
(4.8 kg, p = 0.001), while they do not differ in the ripening
time duration (135 days, p = 0.411).

The analysis of variance of six groups differing by the
ripening time (see Table 1) confirmed the PCA-detected reli-
able association of the ripening time only with the interphase
periods, acidity, and GAI. The average duration of the ‘onset
of flowering — veraison’ period increases from 40 days in the
group of super-early varieties up to 64 days for the mid-late
ones, and that of the ‘veraison — full maturity of berries’ period
from 25 days for super-early to 44 days for the mid-late varieties.
The average acidity of the berries grows from 6.4 g/dm3 in the
group of super-early up to 10.2 g/dm3 in the group of mid-late
ones, and GAI decreases from 3.0 to 1.9 units accordingly.

Trends in agrobiological indicators. In 1981-2017, in
Novocherkassk, the growing degree days for the period
with temperatures above 10 °C has increased by 170 °C per
10 years, the amount of precipitation unreliably decreased
over this period by 21 mm, the average temperature of
the winter dormancy period (October 15 — April 15) has
reliably increased by 0.5 °C/10 years, while the number
of days during the winter with temperatures below —20 °C
has not significantly changed. Trends were calculated for
each trait of each variety, however, for most traits and most
varieties trends were insignificant against the year-to-year
fluctuations. The trends of the ‘average varieties’ in 8 groups
composed according to the taxonomic origin and type of use
demonstrated reliable values for a number of indicators (Fig. 3,
Supplement 3). Berry quality indicators showed nonlinear
dynamics: sugar content was decreasing till the mid-1990s and
then started increasing, while acidity was at its maximum in
the 1990s (Novikova, Naumova, 2013), therefore their trends
have been calculated starting from 1995.

The groups of varieties composed according to the taxo-
nomic origin and type of use are characterized by the same
direction of change of the economically important traits,
though with some exceptions. The onset of bud break does
not change reliably in any group. The ripening time shortens
in all groups and for the ‘average variety’ from 109 accessions
for 2 days/10 years due to the shortening of all interphase
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periods. The yield increases in all groups of varieties by
1 kg/vine/10 years, on the average; the bunch mass increases
by 10.2 g/10 years, on the average; the sugar content increases
by 2 g/100 cm3, on the average, and GAI does likewise by
0.6 units/10 years on the average, while acidity decreases
by 1 g/dm3, on the average. The sum of temperatures for the
ripening time has increased by 71 °C/10 years, on the aver-
age, due to the growth of excess temperatures in mid-summer.

The group of wine hybrids with V. labrusca is distin-
guished by the highest rate of the ripening time reduction
(18 days/10 years) due to shortening of all the interphase
periods, including the ‘onset of flowering — veraison’ period
(6 days/10 years), which, on the average, does not change in
a sample of 109 varieties. The sum of temperatures for all
the interphase periods and the ripening time for this group
decreases on the whole by 140 °C/10 years. The percentage
of fruiting shoots reliably decreases (by 11.1 %/10 years) only
in wine hybrids with V. labrusca, which leads to the highest
growth rate of the mass of the bunch (73 g/10 years) and berry
(3 g/10 years) among the studied groups.

An analysis of trends in groups of different ripening time
(Supplement 4) showed that even with such a division into
groups, the direction of trends in different groups basi-
cally coincides. The early-medium, medium and mid-late
varieties have a higher rate of the ripening time reduction
(4-5 days/10 years) than the super-early, very early and early
ones (23 days/10 years). Acidity decreases more rapidly (by
2 g/dm3/10 years) in medium and mid-late varieties than in
super-early and very early (0.3-0.4 g/dm3/10 years) and in
early and early-medium ones (1 g/dm3/10 years), which is
obviously related to the growing heat availability during the
ripening of berries.

Model analysis of the ripening time duration. The ob-
served trends may have contributions from such factors as cli-
mate change, agricultural engineering trends, and age-related
changes of the bushes. To assess the contribution of climate
change to the trend of the ripening time duration, a regression
model (1) was used. At first, model (1) was checked using
the data of 20122017, which was not used in its creation,
the data calculated applying model (1) and the actual annual
increments (AN) (Fig. 4).
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Fig. 3. Trends of economically important characters in grape groups of different taxonomic origin and type of use, 1981-2017, units per 10 years:

a, ripening time; b, yield per vine; ¢, bunch mass.

The average absolute error of the model amounted to § days
(with exception for 5 days in 2016), or 4 % of the ripening time
duration, which confirmed its adequacy. The accuracy of the
model is evidenced by the correlation (= 0.69) of the actual
and calculated data. The year 2016 was characterized by an
anomalous precipitation of 338 mm during the ripening period
against the average value of 214 mm, including the ‘onset of
bud break — onset of flowering’ period with 182 mm against
the perennial average of 65 mm. This might be one of the
reasons for the 17-day increase in the ripening time duration
compared to the average long-term value, which is not fully
explained by the model.

The rate of independent variables change in 1981-2017
was AXT,,=324.3 °C/10 years, AN, ,s=—0.4 days/10 years,
therefore AN = —4.4 days/10 years according to the formu-
la (1). The model predicts a more significant ripening time
reduction than the actually observed AN=-2.5 days/10 years.
The actual trend was significantly influenced by 2016
(see Fig. 3), while in 1981-2015 the actual trend showed
AN =—-4.3 days/10 years, which corresponds to the calculated

one. Thus, the decrease in the ripening time duration is largely
due to the rising temperatures.

Discussion

The principal component analysis of the mean long term data
on 21 indicators of 109 grape varieties has shown that the main
differentiating phenotypic character of the ampelographic
collection is the bunch and berry size, which is contrasting in
the table and wine varieties. A large berry is characteristic of
a group of table hybrids of V. vinifera with several American
species. A significant part of this group is represented by vari-
eties from the Republic of Moldova and by hybrids produced
with the use of the American variety Save Villar and the Cen-
tral Asian variety Katta-Kurgan. The Central Asian varieties
known for large berries are absent in the used sample. The
second factor, i. e. the yield and the number of fruiting shoots
associated with it, winter hardiness and fruiting coefficient,
is at its maximum in V. vinifera x V. labrusca and V. vinifera
x V. amurensis hybrids, which retain winter resistance and a
greater number of productivity elements from the Amur and
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Fig. 4. Comparison of the actual and model-calculated annual increment
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American species (Troshin, 1999; Nosulchak, 2015), while it
is at its minimum in the European cultivated grapes. The third
factor is the ripening time and interphase periods duration, and
the related berry juice acidity and GAI

The analysis of variance has confirmed a number of reliable
differences of the average indicators between the groups of
varieties composed according to the type of use, origin, and
ripening time. The table varieties differ from the wine ones
by a larger bunch and a shorter ripening time. On the average,
interspecific hybrids exceed V. vinifera varieties in the number
of productivity elements and yield. The groups of V. vini-
fera x V. labrusca and V. vinifera % V. amurensis hybrids do
not differ significantly from each other by the average ripening
time duration, yield and bunch mass values. The similarity
of a number of characteristics of these species is noted in
the literature (Negrul, 1946, p. 120). Complex hybrids with
American species represent a polymorphic group and oc-
cupy an intermediate position concerning the majority of the
studied parameters, with an exception for the characteristics
of the bunch, between V. vinifera varieties and hybrids with
V. labrusca and V. amurensis. The analysis of variance has
confirmed the PCA-detected association of the ripening time
only with the interphase periods duration, acidity, and GAL

The analysis of trends in agrobiological indicators of ho-
mogeneous groups of varieties has confirmed that varieties
do not differ in trends of the long-term dynamics of most
indicators. All groups demonstrated a decrease in the ripening
time duration (2 days/10 years on the average for 109 variet-
ies), an increase in yield (1 kg/vine/10 years on the average)
and sugar content (2 g/100 cm3 on the average), a decrease
in acidity (an average of 1 g/dm3), which corresponds to the
trends observed in other countries (Vrsi¢, Vodovnik, 2012).
The trends of the average indicators in the groups of variet-
ies with different ripening time were also similarly directed.
Thus, the thesis was confirmed that the impact of climate was
greater than that of variety (Leeuwen et al., 2004).

The group of V. vinifera x V. labrusca hybrids of wine type
is characterized by the most significant changes, e. g., by the
highest rate of the ripening time decrease (18 days/10 years),
a decrease in the fruiting shoots percentage (11 %/10 years)
and an increase in the mass of the bunch (73 g/10 years) and
berry (3 g/10 years).
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The model of the ripening time duration dynamics (1) was
validated using the data of 2012—-2017, which were not used
in model creation. The trend of the ripening time duration
calculated using the model was A = —4 days/10 years, which
corresponds to that observed until 2016. The increase in the
ripening time duration in 2016 could not be explained by the
model and was possibly due to the anomalous precipitation
that year. Thus, it has been shown that the observed decrease
in the varieties’ ripening time duration was largely due to the
growing temperatures.

Conclusion

Homogeneous groups of varieties in the ampelographic collec-
tion, composed according to the type of use, taxonomic origin
and ripening time, are characterized by a similar response to
the climate change. An increase in temperature in the northern
zone of industrial viticulture in the Russian Federation leads
to a reduction in the grapes ripening time, an increase in yield
and sugar content, and a decrease in berry acidity.
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ba3a maHHBIX reHeTNYeCKIX PeCcypCoB KOJJIeKI[N

031MOI p>xu BUP Kak cpencTBO KiacCu@uKamm
reHeTUYeCKOro pa3HooOpasus, aHa/an3a UCTOPUM KOIJIEKIIVI
1 3PPEKTUBHOI'O N3YUEHNS U COXpaHeHUS

.B. CadonoBa ®, H.VL. AHUCBKOB, B.A. KobbiastHcKmit

DepiepanbHblii NCCNefoBaTENbCKUIA LIeHTP BCcepoccninckmin MHCTUTYT reHeTUYeCcKnx pecypcos pacteHuin um. H.W. Basunosa (BUP),
CaHkT-lMeTepbypr, Poccua
& e-mail: i.safonova@vir.nw.ru

O3umas poxb — BTopas x/iebHaa 1 Hanboree LieHHaA KOPMOBasA Ky/bTypa, KOTOPYIO BO3AESbIBAOT NPeXAe BCero
B Poccun, Tepmanun, Monble, benapycy, YkpanHe, CkaHguHasum, Kntae, KaHage n CLUA. MoceBHble nnowaau, oT-
BeleHHble Noj BblpallynBaHue pxu B Mupe, cokpallatoTca (1986 T.— 15.4 mnH ra, 2016 1. — 4.4 mnH ra). Bo Bcex 30Hax
BO3[€/bIBaHNA POXKb 3aC/yXKuUna penyTaumio Hanbonee NPUCNOCOBGNEHHON K KIIMMATUYECKMM YCIIOBUAM CTPaxo-
BOW KyNbTYpbl HA3KOr0 SKOHOMMYECKOTro pucKa. [Ina paclumpeHns noceBoB 1 yBeMYeHWs BanoBbix COOPOB 3epHa
HeobXOAMMO CO3AaHMe HOBbIX COPTOB PXK. B HacToswee Bpems B 94 reH6aHKax Mypa xpaHuTca 22200 o6pasuos
03VIMOW 1 APOBON PxKn. KpynHenwwumii reHHbI 6aHK (3260 o6pa3LoB) HaxoamTca B Poccuu, 310 BcepoccMincknin uH-
CTUTYT reHeTUYeCKNX pecypcos pacteHnin nm. H.W. Basunosa. Konnekumna MMpoBbIX FreHETUYECKNX PeCYPCOB PXKK,
COCpeAoTOUEHHAsA B XPaHUMLLAX 1 pa3MHOXaeMas Ha NoAX, COAePXKMT COPTa, AOHOPbI, NONYAALNN U IMHUN KyTb-
TYPHOW, COPHO-TMONEBO, ANKOPACTYLLE, 03UMOIA 1 APOBOW PXK. MfeT nocTosHHOe O6HOBIEHNE U MOMONHEHNE
Konnekuuy HoBbIMU obpasLiaMu, YCOBEPLUEHCTBYETCA CUCTEMA HafileXKHOrO XpaHeHVA U Noaaep aHuA BbICOKOM
PKN3HECNoCcobHOCTH CeMAH, NPOBOAUTCA UX N3YyUYeHUE U BbiABNIEHNE Cpean HUX NCTOYHNKOB LEHHbIX ANnA cenekynm
Npr3HaKoB, co3aaHne AOHOPOB. B HacToAwel paboTe npoaHanM3poBaHa 1 KpaTKo oxapakTepr3oBaHa Komsiek-
LA p>kn BUP. PaccmoTpeHa nctopus passntua npeacenekuMoHHOro N3y4YeHus, 3Tanbl CO3A4aHNA U UCMOMb30BaHMA
LLOHOPOB ANA Pa3NNYHbIX Npobriem cenekumu, cospaHa nacnoptHaa 6asa AaHHbIX MO 03MMON N APOBOW PXKMK.
KnioueBble cIoBa: 031Mas POXKb; FEHETUYECKIME pecypcbl; Konnekunsa BUP; obpasel; copT; foHOp.

Ana yntuposaHus: CapoHosa W.B., AHucbkoB H.U., KobbinaHckuii B.[. ba3a faHHbIX FeHeTUYEeCKUX pPecypcoB
Konnekuun o3nmon pxu BUP Kak cpeactBo Knaccmdukauum reHeTMYeCcKoro pasHoobpasus, aHanmsa nctopmm
Konnekumm n 3epPpeKTUBHOIO N3yUYeHUs U COXpaHeHUs. BaBUNOBCKMIA XXypHan reHeTukmn n cenexkuun. 2019;23(6):
780-786. DOl 10.18699/VJ19.552

The database of genetic resources in the VIR winter rye
collection as a means of classification of genetic diversity,
analysis of the collection history and effective study

and preservation

LV. Safonova®, N.I. Anis’kov, V.D. Kobylyansky

Federal Research Center the N.I. Vavilov All-Russian Institute of Plant Genetic Resources (VIR), St. Petersburg, Russia
® e-mail: i.safonova@vir.nw.ru

Winter rye is the second bread and the most valuable forage crop. Rye is cultivated primarily in Russia, Germany,
Poland, Belarus, Ukraine, Scandinavia, China, Canada and the United States. The acreage allocated for the cultiva-
tion of rye in the world is declining (from 15.4 million ha in 1986 to 4.4 million ha in 2016). In all areas of cultivation
rye has earned a reputation as the most adapted to the climatic conditions of the insurance culture of low eco-
nomic risk. For the expansion of crops of rye and an increase in the gross yield of grain, it is necessary to create new
varieties of rye. Currently, 94 gene banks in the world store 22,200 samples of winter and spring rye. Gene banks
are located around the world; the largest of them — the N.I. Vavilov All-Russian Institute of Plant Genetic Resources
(3260 samples) - is located in Russia. The collection of the world’s genetic resources of rye, concentrated in storage
and propagated in the fields, contains varieties, donors, populations and lines of cultural, weed-field, wild, winter
and spring rye. The collection is being constantly updated and replenished with new samples, the system of reliable
storage and maintenance of the high viability of seeds is being improved, the sources of traits with value for breed-
ing are being identified and studied, and donors are being created. Scientific, breeding and educational institutions
are being supplied with source material. An electronic passport documentation system of the collection is being
developed and integrated into the international system of genetic banks. In this paper, a brief analysis and cha-
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been created.

Key words: winter rye; genetic resources; collection of VIR; sample; variety; donor.

For citation: Safonova LV, Anis'’kov N.I., Kobylyansky V.D. The database of genetic resources in the VIR winter rye
collection as a means of classification of genetic diversity, analysis of the collection history and effective study and
preservation. Vavilovskii Zhurnal Genetiki i Selektsii =Vavilov Journal of Genetics and Breeding. 2019;23(6):780-786.

DOI 10.18699/VJ19.552 (in Russian)

BBepeHune

O3nMast po’Kb — BaXKHAs TPOIOBOIBCTBEHHAS 36pHOBAS KYJIb-
Typa, BTOpasi 110 3HAYEHUIO II0CJIe MIIeHULIbI. Ee X03s1iicTBeH-
HOE 3Ha4YeHUE 00YCIIOBIICHO €IIIE U TEM, UYTO POXKb SIBIISIETCS
OJHOH 13 HanboJee IEHHBIX KOPMOBBIX KYJIBTYp. 3€pHO PXKU
COZIEPXKHT IMOJTHOLIEHHbIE, OOTraThle HE3AMEHUMBIMH aMUHO-
KuciotaMu (0cOOCHHO JIM3MHOM) OJIKM U BUTaMuHbI A, C,
E u rpynns! B. Pojkb IpeBOCXOAUT IpyTHUe 36pPHOBBIE KYJIBTY-
PBI HE TOJIBKO 110 XOJIOAOCTOMKOCTH, HO U 110 YCTOWYNBOCTH
K ITOYBEHHOI1 3acyxe. OHa CIIOCOOHA yCIEeNTHO TPON3PacTaTh
Ha TIECYaHBIX U MaJOOKYJIBTYPEHHBIX MOYBAX, I7IE TPU CO-
OTBETCTBYIOLIEH arpOTEXHUKE ONEPEXKAET M0 YPOKANHOCTH
nmreHutty (Koowsuistackwuii, 1989; lonuapenko, 2014).

[To MHEHHIO psifa YUCHBIX, POI Secale BO3HUK B CpellHE- U
BEPXHETPETUIHOM ITEPHUOAaX KaifHO30HCKOM B B 3aKaBKa3be
u npueraronux paifonax Ilepenneit Asun. B nauane XX B.
HEIMOCPEICTBEHHBIM POJOHAYAIBHUKOM KYIBTYPHOM PiKH
CUYHUTAI MHOTOJETHHH COOPHBIN BUI TOPHOHM AMKOHN piKU
S. montanum Guss. U CXOJHbIE C HUIM MHOTOJIETHHE AUKHE
Buabl S. anatolicum Boiss. u S. dalmaticum Viss. OnHaxo
H.W. BaBuiioB gokasail, 4To AUKUE BUbI IOCITY KU JIUILIb
NepBOHAYAIBHBIM MaTepPHaJIOM JIJIsi 00pa30BaHKsI COPHO-TIO-
JIEBOHM Pk, U3 KOTOPOH U MPOU30IILIA BIIOCIEACTBUHU KYJb-
TypHast poxb (S. cereale L.). B HacTosmiee Bpemst 3TO Tpea-
CTaBIICHHE SBJISICTCS 00Ienpru3HaHHbM (BaBuos, 1987).

B nocnenane necsatuneTrs moceBHbIE IIONAI1, OTBE/ICH-
HBIE T0]] BBIPAIIBAaHKE PXKU B MUpE, COKpanatorcs. Eciu B
1986 1., mo nanabiM DAOCTAT, onu cocrapisiiu 15.4 MitH ra,
TO K 1996 1. 3TOT MOKa3arenb cHu3mWiICs g0 11.1 MiH ra, a x
2016 . — 10 4.4 muH ra, T.¢. ¢ 1986 o 2016 r. moceBHbBIE
Tutomau OblH cokparieHs! Ha 71 %. OOmwuit o0beM npous-
BOJICTBA PyKH 32 TOT XkKe mepro yMeHbuiics ¢ 30 10 13 MitH T,
wm Ha 57 % (www.fao.org/faostat/en/#data/qc).

OcHoBHBIE paKaHOCEOIUE peruoHbl B Poccuu pacnonoxe-
HbI B [IpHBODKCKOM (heepaibHOM OKpyTe, IJie COCPEIoTO-
4yeHo Oomee 78 % BceX MOCEBHBIX IUIOMIANICH PIKU B CTpaHE.
Jlonst ocTanbHBIX aAMUHHUCTPATUBHBIX CYObEKTOB B CTPYK-
Type pkaHoro kimHa coctasisier: IOxHbII (enepanbHbIi
okpyr — 7.7 %, Lentpansslii — 7.2 %, Cubupckuii — 5.3 %,
VYpanbsckuit GpenepanbHeiii okpyr — 1.5 %. He3HaunTenbHbIe
MJIoIaan 3aHAThl of moceBbl B CeBepo-3anannom, Cese-
po-Kaskasckom u anmpaeBocTOuHOM OKpyrax (Kemposa,
2000). Bo Bcex 30HaX BO3AEIBIBAHUS POXKb 3aCITyKHIIa pe-
MyTanuoo Hanbojee MPUCTOCOOICHHON K KIMMaTHYCCKUM
YCIIOBHSIM CTPaxOBOW KyJIBTYPbl HU3KOTO SKOHOMHYECKOTO
pucka. B monb3y SKOHOMHUYECKOI 11e1eco00pa3HOCTH pac-
IIMPEHUS TIOCEBOB PXKH U yBEITMYCHHUS BaJIOBBIX COOPOB 3epHA
CBUJIETEJILCTBYIOT: OTHOCHUTEJIHO HU3Kask c€0ECTOMMOCTh
3epHa; IPUTOJHOCTh K BO3/ICIBIBAHUIO B CEBOOOOPOTAX, Ha-
CBIIIICHHBIX 3¢PHOBBIMHU KYJIBTYPaMH, TI€ POXKb YBEITUIHBACT

3¢ PEKTHBHOCTH MPIUMEHEHHS a30THBIX YI0OPEHUIT; MOSBIIe-
HHE HOBBIX BBICOKOYPO)KAIHBIX U yCTOHYMBBIX K MOJIETaHHIO
COPTOB ¥ THOPUI0B; BO3MOXKHOCTB AP ()HEKTUBHOTO UCIIOIB30-
BaHMS 3€PHA P>KM HA KOPM KUBOTHBIM H JUISI IPOMBIIIIIEHHOH
nepepadotku (Llakup3sHoB U ap., 2010).

Lenbto HacTOsIILIEH PAOOTHI OBUIO BBIACIUTH JIOHOPBI X035~
CTBEHHBIX PU3HAKOB U IPETIOKUTD UX JUIS HCIIOJIb30BAHUS B
CEJICKIIMY, OCHOBBIBASICH Ha aHAJIM3€ MACHOPTHOM Oa3bl qaH-
HbIX U3YUYCHUS U COXpPAaHCHHUA I'CHETHUYCCKOTO pa3H006pa31/151
KOJIJIGKLIUH PKH.

MunpoBoe MHOroo6pasune Konnekuuu pXxm
OOHOBIIEHNE TEHETHUECKOTO MaTepHaa 3a CUeT MCIOIIb30-
BaHMS HOBBIX MCXOAHBIX (POPM JICKUT B OCHOBE CEJICKIIUH
J000# CeNbCKOX03HCTBEHHON KyIbTYpBbIL. J[iist o dpexTnBHOrO
CO3MIaHMsI KOHKYPEHTOCTIOCOOHBIX COPTOB HEOOXOIUMO pac-
T0JIaraTh FeHeTHYECKN PAa3HOOOPA3HBIM M KOMITJIEKCHO U3Y-
YeHHBIM HUCXOAHBIM MaTepuaioM (ITonomapesa u ap., 2018).

Pob, KaK aloraMHOE PacTEeHHE, ABIISETCS CIIOKHBIM 00b-
EKTOM IS TToJ|/Iep KaHkst 00pa3ioB B reHHbIX Oankax (I1lese-
nyxa, 2000), mo3ToMY B CpaBHEHHUH C STIMEHEM WIIU TIIIEHUIICH
KOJUTEKITUS PIKU ex Situ 3HAYNTEIhbHO MeHbIIe. B 94 renban-
kax mupa xpanutcsi 22200 obpasios pona Secale, Torna
KaK IeHPeCypChl MIISHUIBI HACUUTHIBAIOT Oosee 732 ThIC.
00pa3noB, ssamers — 453 Teic. obpasmos (Illmerens, 2015).
Cpenu paznooOpazust 06pa3noB pxxu 73 % NOKyMEHTHpPOBa-
HBI B 66 Koteknusax EBporsl, 16 % — B IECTH KOIEKIUAX
CesepHoit AMepukn, 6 % — B IATH KOJUIEKIHAX A3nn; 2 % —B
cemu koimekuusix Adpukw, 3 % — B 1Byx nenrpax CIMMYT
u ICARDA. 'enHbIe OaHKH PXKH PACCPEIOTOUCHBI 10 BCEMY
mupy. Kpynaenmmii n3 aux (3260 o0pas3ioB) HaxoquTcs B
Poccuun, 310 Beepoccuiickuii HHCTUTYT FeHETHUECKHX PECYP-
coB pacrenuit um. H.U. Basunosa (BUP). Cnenytomumu
M0 BEIWYMHE SIBISAIOTCS 3amajHas PerrMoHaIbHAs CTAHIUS
UHTpOAYKIUHN pacTeHuil Ciry>KObl CebCKOX03HCTBEHHBIX
uccnenoBanuii Jlemapramenta cenbckoro xo3siictBa CIIA,
YauBepcuret mrara BammarTon (2802 obpasma); [eHHbIN
O6aHk MHCTHTYTa T€HETHKN PAacTEHWH M PacTEHHEBOJCTBA
um. JlenbOnuia, I'epmanus (2515 obOpasios); Hauonans-
HBIIl LEHTP MCCIIEJOBAaHUN 3apOABIILIEBON IJIa3Mbl MalbIX
3epHOBBIX CiryKOBI CETbCKOXO3SIMCTBEHHBIX MCCIIECIOBAHUM
JenapramenTa cenbckoro xo3stiictsa CILA (2107 o6pasios);
MHeTUTYT cenekuu 1 akkJImMaTu3auuu pacteHuid, [lomnbia
(1918 obpasmoB) n xpanwmuiie “Plant Gene Resources of Ca-
nada” CacKaTyHCKOTO Hay4YHO-HCCIICI0BATEIbCKOTO IICHTPA,
Kananma (1501 o6pazen) (puc. 1).

Komnnexkunsi MEPOBBIX TEHETHYECKHX PECYpPCOB PiKH, CO-
CpC€aOTOUCHHAd B XpaHWIMIIAX U pa3MHOXKacMas Ha IOJIAX
BUP, BiitoyaeT cOpToBbIE U APYTHE NOMYISILUY U IMHUH BO3-
JIENIBIBAEMOM KyJIBTYPHOI, COPHO-IIOJIEBON U TUKOPACTYIIEH
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Fig. 1. The numbers of rye accessions in world’s gene banks.

PKU. DTOT TeHO(OHT CIY)KUT HCTOUHHKOM O€3BO3ME3HOTO
06eCHe‘IeHl/I51 CCJICKIIMOHHBIX HEHTPOB Poccun HUCXOJHbIM Ma-
TEpUasiOM MPH CO3AaHUH HOBBIX COPTOB, SBIIAETCS CTPATETH-
YECKUM ITOTEHIINAIOM 1 OCHOBOH yCTOHYHMBOTO IIPON3BOJICTBA
KOPMOBOTO H ITPOZ0BOJILCTBEHHOT0 3epHa PkH. D dexTnBHOE
COXpaHEHHE U UCTIONIb30BAaHNE KOJUIEKIINU NMEIOT KITFOUEBOE
3HAYEHUE IS 00eCIIedeHUsI TPO/IOBOIBCTBEHHO H ITUIIIEBOH
0€301acHOCTH KaK B HACTOSILEM, TaK U B Oy/IyIIeM.

I'maBHBIN TOKYMEHT, CBUAETEILCTBYIOLINI O COCTaBE KOJI-
JIEKIIMU ¥ HAJIMYHMH B Hel 00pa3IoB, — MacrnopTHas 0a3a aH-
HbIX (B/]). OHa comepkUT OCHOBHBIE CBEJIEHUs 00 00paslie,
COIIPOBOJKAAIOIINE €TO TPH MTOCTYTIIIEHUH B KOJUIEKIIHIO WIIH,
BO3MOXXHO, TIPHOOPETCHHBIC W YTOUHEHHBIC BITOCIIC/ICTBUH:
Ha3BaHUe, CTaTyC 00pa3la, MPOUCXOXKCHHUE, IOl TOCTYILIe-
HUSI B KOJUIEKIUIO U T. IT.

[ToroHeHNe KOJUTEKIINH OCYIECTBIISIIOT ITyTeM coopa 00-
pasuoB Bo Bpems skcnenuuuid BUP na teppurtopun Poc-
cuiickoil denepaniny U B Ipyryue CTpaHbl, BBITUCKU MaTepualia
13 TeHOAHKOB, CEJIEKIEHTPOB, CEMEHHBIX (PMPM, HAyYHO-HC-
CJeI0BaTeIbCKUX M YUEOHBIX yupexaeHuil mupa. B xone
9TOi1 paboTHI HEOOXOANMO YAETATH 0c000€ BHUMAaHHE MIEPBO-
OYepeTHOMY Y/IOBIICTBOPEHHIO NOTPEOHOCTEH OTEUECTBEHHOM
CeJIEKLIMH 1 paCTEHHEBO/ICTBA; TOUCKY HOBBIX OOTaHMYECKHX
BUJIOB, (DOPM, MECTHBIX U CETICKIIHOHHBIX COPTOB; BBIICIICHUIO
WCTOYHHMKOB M JJOHOPOB HOCHTEJICH IEHHBIX I'€HOB XO3SH-
CTBCHHO U 6I/IOJ'IOFI/I'-ICCKI/I TTOJIC3HBIX MMPHU3HAKOB, €IC OTCYT-
CTBYIOIIUX B KOJUIEKI[UH; BOCIIPOM3BEACHHIO MaKCHMAIBHO
BO3MOXXHOTO (DeHO- W TEHOTHITMUYECKOTO pazHooOpasus co-
OMpacMbIX BUIOB.

[NomonHeHne KOMIEKIUH MO BBIMHCKE U OOMEHY JIOJKHO
WJITH TJIaBHBIM 00pa30M 3a CUeT IPUBJICYCHUSI HOBBIX COPTOB
1 0€000 IEHHBIX CEJIEKIIHOHHBIX THHHUM, & TAK)KE IMHUH C U3-
BECTHBIMH T'eHaMU. [|J1s 9TOM 11en NCTIONB3YIOT CIEIyIOIINe
WCTOYHUKHU MHpOpManuu: 1) 6a3bl JaHHBIX HAMOHAIBHBIX
1 MEXIyHapoJHbIX reHOaHkoB B VHTepHere; 2) oredecr-
BEHHBIE U 3apYyOe)KHBIC ITyONTMKAIINH, BKIIIOYAsi KaTalorH, MO-
HOrpaduu, CTaThbl B MEPHOJMUYCCKUX M3AAHUSX; 3) OTYCTHI
CeJIbCKOX03HCTBEHHBIX JeJIeralnii 0 3apy0eKHBIX TOE3/IKaX;
4) nrgHBIE COOOIIEHNS CEJIEKIIMOHEPOB, COPTOUCITBITATEICH
Y TCHETHKOB; 5) 3asBKM Ha CEMEHA, B KOTOPBIX €CTh 00pa3Ibl,
OTCYTCTBYIOIIHE B KOJJICKIHH.

Heobxonnmo o6patuth 0coboe BHUMaHHE Ha 00s3aTelb-
HYIO TIepesiady CeJeKIMOHEpaMHU CTPaHbl WX JIyUYIIUX Ce-
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JICKIIMOHHBIX IlOCTI/I)KeHl/Iﬁ N KOHCTAHTHOI'O CCJICKIIMOHHOI'O
Matepuaia B koekunio BUP. Yrpara reneruueckoro pas-
HOOOPa3us PXKU CHIXKAET BOZMOKHOCTD YCTOHYMBOTO M THO-
KOT'0 YIIPaBJICHHS CEJIbCKUM XO3SHCTBOM B YCJIOBUSIX HEOIaro-
MIPUATHON OKpPY’KaIOIIeH CPeIpl, a TAKKe PE3KOTO KoeOaHus
KIIMMAaTHYECKUX yCIOBHIL.

[Ipu mocTyIiIeHnH HOBOrO CEMEHHOTO MaTepHrasia B 0T/
nHTpoaykunu BUP nocne kapaHTHHHON IPOBEPKH, KOTOpast
MPOXOANUT B KAPAaHTHHHBIX MUTOMHUKAX MHCTUTYTa, HOBBIE
o0pasusl ¢ HoMepoMm uHTponykuuu (M-) mocrynaror B ot-
Jlel TEHETUYECKUX PECypcoB OBca, pxkHu, stumeHs BUP, rne
UX PETHUCTPHUPYIOT B IpenBapuTensHoM (BpemenHoM) (ITP-)
KaTajore oTena WM B OCHOBHOM (moctosHHoM) (K-) ka-
tanore BMP u 3aHOCAT B COOTBETCTBYIOILYIO NACIOPTHYIO
6a3y nmannbiX. [Tacmopruzanmst 06pasoB, MOCTYMAIONINX B
KOJUIEKIIMIO, MHOTHE TOJIbl OCYIIECTBISIACH 3alOJHEHUEM
3aIucel B )KypHaIax, Ha3bIBAEMBIX KaTaJIOTaMu.

3anucu B Karajorax MMEIT CIEAYIOIIYI0 CTPYKTYypy:
Ne karasnora, Ha3BaHUe 00paslia, 00TAaHUYECKOE Ha3BaHUE, OT-
KyJZia MoJTydeH o0pasell, rof NocTyIuieHns1, Ne HHTpOAyKIHy,
MIPOUCXOXKACHHUE, B KAKOM BHJIE MOITyYeH oOpasel (ceMeHa,
konoc), npumedanue. [lacnopruas Bl nomkHa MOCTOSHHO
MOTIOJIHATHCA HOBBIMU CO3IaHHBIMU COPTAMHU O3UMOM H SIPO-
BOW pKH, IallTUPOBAHHBIMU K CHEIU(PHUSCKUM YCIOBUSIM
KOHKPETHBIX arpo’KOCUCTEM.

ITacnioprHas Bl urpaer kito4eBylO pojb B COXPAHEHUU,
oOecrieueHNu AOCTYITHOCTH M MCIIOJNB30BAHUS IIMPOKOTO
CHEKTpa FeHEeTUYECKOTr0 pa3HOo00pa3us pacTeHUN i yayd-
IICHUS CeThCKOXO3HCTBEHHBIX KynbTyp. Co3manme B/l mo
poku ObuTO Havato B 1980-x T B oTnene cepbix xsebos BUP,
M03/IHEEe JIJAaHHBIE M3 MHMCbMEHHOTO KaTajiora ObUIM NepeHe-
CEHBI B DIEKTPOHHYIO BepcUI0. B HacTosIee Bpems B mac-
noptHoil B/l nmo pxku ectb 33 mons pa3HOM CTENEHH 3amo-
nenHoctu. CopmuposanHasi B mporpamme Excel, ona umeer
TEKCTOBBIE M YHCIIOBBIE OIS, OJIaroiapst 4eMy MO>KHO JIETKO
MOJTY4YHUTh WHpOpMaIuio 00 o0pasie, yCKOPUTH BBIOOPKY,
IIOUCK ¥ OOHOBIICHUE IIOCIIEAHEH penpoxyKuuu odpasia,
OTCJIC)KUBATH BOCCTAHOBJICHHE )KN3HECTIOCOOHOCTH KaXI0TO
KOJUTEKITMOHHOTO 0Opasna pxu (KoOsurstHekHi 1 Ap., 2015).

O6bem Konnekyun BUP
1 ee BUAOBOE pa3HooGpasune
Komnekuus pxxu BUP Britoyaet Bce MHOrooOpasue JTMKHX,
KyJIBTYpPHBIX BHJIOB 1 COPHO-TIOJIEBBIX (DOPM, SIPOBBIX U O3H-
MBIX, JUTUIONIHBIX U TETPAIUIONIHBIX, CTAPOMECTHBIX U Ce-
JICKIIMOHHBIX COPTOB. B KOJUIEKIMHU MTpezcTaBlIeHbl 00pa3Ibl
(TOHOPBI ¥ NCTOYHNKHU TIPHU3HAKOB O3UMOM PKHM), UCTIONb3Y-
eMble B Ka4eCTBE MCXOJHOTO Marepuasa IpH CEJEKIHH Ha
TaKhe NPU3HAKH, KaK BBICOKAsl yPOXKAHHOCTh, 3MMOCTOMKOCTh
(MOpPO30CTONKOCTD, YCTOHYMBOCTH K BBIIPEBAHUIO ), YCTONIH-
BOCTb K IOJIETaHUIO, YCTOMYMBOCTD K IIPOPACTAHUIO 3€PHA B
KOJIOCE, BRICOKOE COJiepKaHKe Oellka B 3epHe, yCTOHYUBOCTD
K Oosie3HAM (My4YHHCTast poca, Oypast p>kaBuMHA, KOPHEBBIC
THWJIM, CHE)XXHAsI TIJIECEHb U JIP. ), HU3KOIIEHTO3aHOBEIE COPTA.
OO0pa3ibl UMEIOT Pa3HBINA CEJICKIIMOHHBIA CTATyC: MECTHBIC
U COpPHO-TIONEBbIE 00pa3ipl — 43.7 %, CENeKIMOHHBIE COp-
Ta—52.7 %.

Crpaunsl EBponbi: Poccus (967 06p.), benapycs
(104 06p.), Yrpanna (257 06p.), borrapus (114 06p.), 'epma-
Hust (86 06p.), [Tombma (169 06p.), Ucnanust (26 06p.), Ura-
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qust (23 006p.), Yexust (23 06p.), FOrocnasus (107 00p.), Pun-
nsaaus (191 06p.), ABctpus (36 06p.), Hopserus (18 o6p.),
[IBenns (73 06p.), Hopryramus (36 06p.), danus (13 06p.),
®pannus (18 00p.). OcHOBHOE TOCTyIUICHHE 00pa3IoB B
KOJUTEKIIHIO 13 EBPOIIBI MPUXOANTCS HA CETEKIIOHHBIE COPTa.

Crtpanbl CHI': AzepGaiimxan (176 o6p.), ApmeHus
(118 00p.), I'py3ust (46 06p.), Kazaxcran (55 06p.), Ksip-
rei3ctad (5 00p.), Tamkukucran (60 06p.), TypkMmeHucTan
(9 06p.), Y30ekucran (12 o6p.). 3 crpan CHI, HaoOopor,
MPEUMYIECTBEHHO MOCTYMAIOT MECTHBIE 1 COPHO-TIOJIEBBIE
00paspl.

Ocranbnble ctpanbl EBponsl u Amepuxu, CHI™ npencras-
JieHbI B KoJuteKiuu BUP HeOo b IIMM KOJTHUECTBOM 00pa3IioB
poku (Tadm. 1). Cample KpyITHBIE TOCTYIUICHHS B KOJUTEKITHIO 3a
MHOTOJIETHIOIO HCTOpHIO OblTH 13 EBporter —2 520 06pasiuos,
u3 CHI" — 495 o6pa3iios.

CraTyc 06pasLoB p>Ku

Bbonee 90 % komnnekuuu cocTaBiseT pPOXKb KyJIbTypHas S. ce-
reale var. vulgare Kdrn. 3To0 0CHOBHOH M IPaKTHYECKH €TH-
CTBEHHBIIl BUJ KyJIbTypHOH p>KH, BO3AenbIBaeMblil B PO B
KaueCTBE MPOI0OBOILCTBEHHOH KYIBTYpHI.

OcranbHble TPY BUJA SBISIOTCA AUKUMH POAUIAMH KyJlb-
TypHOM piku. S. silvestre Host. OHONETHSSA POXKB, 11O 00pazy
JKM3HU PACTEHUSI SIPOBBIEC WIIM O3UMBbIE, CI1a003UMOCTOMKHE,
O4YeHBb CKOpOCIIeNbIe, co3peBaloT Ha 15-20 mgHeil paHbiie
KyJIbTYpHOH pku. Mconb3yercs B CEIEKINU KaK JOHOP KO-
POTKOCTEOIIBHOCTH M YCTOMUMBOCTH K TPOPACTAHHIO 3€pHA
B Konoce. S. iranicum Kobyl. OnHonerHee pacTeHne, poxb
UPAHCKas XO3SHCTBEHHOTO 3HAYEHUS] HE UMEET, CUIBHO IO-
paxkaeTcsl BCEMU BUJIAMU PrKaBUMHBI, MyYHUCTON POCOU U
KOPHEBBIMH FHIJIIMH, HO HECET LIEHHBIE JJISI CENEKIIUH PKH
MPU3HAKH caMO(EPTHIBHOCTH M KOPOTKOCTeOepHOCTH. Mc-
nosb3yercst B [ epMaHuu Juist co3iaHust caMopepTUIIbHON KO-
POTKOCTEOENBbHON KYJNBTYpHOH pKM MyTeM THOpUAN3AINH.
S. montanum Juss. MHOTONIETHEE pacTeHHEe, 00bENHSET BCe
M3BECTHBIE ()OPMBI MHOTOJIETHEH PIKH, KOTOPbIE B PasHOE
BpeMsI OBbIIIM ONMCAHBI KaK CaMOCTOsTeNbHbIE BUBL. [1Inpo-
KO BOBJIEKAETCS B CKPEIUBAHUE C KYIBTYPHOH POXKBIO MpU
CEJICKLIMY MHOTOJIETHEH KOPMOBOM KU, & TAKXKE VISl IOy~
YEHUsI COPTOB, YCTOWUIMBBIX K IPHOHBIM OOJIC3HSIM, PrKaBUMHE
1 My4HHCTOH poce. Hekoropsie (hopMBI MCTIONB3YIOT JUIS
CKPEIUBAHNUS C MIICHUIEH TPU CeNeKIIUN TPUTUKATE.

SIpoByI0 POXKB BBICEBAIOT IIPEUMYIIIECTBEHHO B 3a0aifkaibe,
IJ€ 03UMasl pOxKb HE 3UMyeT. BaxkHOe HapOJHO-X031CTBEH-
HOE 3Hau€HHe UMEeT 03UMast POKb, KOTOPask BO3/IEIbIBACTCS
B OCHOBHOM B €BPOIICHCKHX CTpaHaX, HECKOJIBKO MEHBIIE —
B CeBepHoli Amepuke, B cTpaHax biskaero u Jlansnero Boc-
ToKa (Tadm. 2).

Poxb — KynbTypa yHHBEpCAIbHOTO pUMeHeHus. CBbIle
60 % 3epHa UCMONB3YIOT I NUTaHUs Yenoseka, 30 % — Ha
KopMOBBIe 11enH, U 10 % UMeroT TeXHHUeCcKoe Ha3HAYeHNE.

WcTopus cosgaHnsa Konnekumnmn pxum

B Poccuiickoit @enepannu co3naHne KOJUIEKIUH PIKH ObUIO
Hayaro B 1922 1. B Otaerne mpukiagHOi O0TaHUKH TIpH Y 4e-
HOM KomuTeTe MUHHCTEPCTBA 3eMJICICITUS H TOCYIApCTBCH-
HbIX UMYyLIeCTB 1101 pykoBonactsoM H.M. Basunosa. biaro-
Jlapsi MHOrouucieHHbIM skcneaquuusam H.M. BaBuiioBa u ero
COPATHHUKOB B Pa3HBIC CTPAHBI MUPA, KOJUICKITHSI ITOTTOTHSIIACH
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Table 1. The VIR rye collection size as of 2018

Elite
varieties

Local and
contaminating
varieties

Region

Table 2. Species composition of the collection of rye Secale L.
(as of 2018) included in the main catalogue

Species Number of accessions

S. cereale L. 3207
S. silvestre Host. 14
S. iranicum Kobyl. 1
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Fig. 2. The number of rye accessions coming into the VIR collection in
different time intervals.

B OCHOBHOM MECTHBIMHU U COPHO-TIOJIEBBIMHU 00pa3aMu PikH.
[lepBBIMHU BBIBEACHHBIMH COpTaMu ObLIN: poXb JIncuiibiHa
(1929), Omka (1938), Onoxotickas (1943), IIpuexynbckas
(1949), Barka 2 (1950) u np. IlonaBmnsromniee GONBITMHCTBO
BO3/IEJIBIBAEMBIX COPTOB KM TOrO BPEMEHH HE AOCTHUITIO
MaKCUMAaJIbHOIO JUIsl 3TOH KYJbTYPbl YPOBHS YPOXKAUHOCTH.
Copra HE yIOBIETBOPSIIN TPEOOBAHISIM BO3pACTAIOMICH MH-
TEHCU(HKALIMK TIPOU3BOJICTBA 3€pHA: MHOTHE M3 HUX OBLTH
BBICOKOPOCIIBIMU, CKJIOHHBIMH K TIOJIETAHUIO U IPOPACTAHUIO
3epHa B KOJOCE, MOpakaauch OOJE3HSIMH N OKa3alliuCh
HEIOCTATOYHO 3MMOCTOMKUMH. Bce copTa piku CKIOHHBI K
MOPAXKEHHUIO OOJIE3HSIMU 1 BPEAUTEISIMH.

«...Jlnst o0caenoBaHMs MOCEBOB XJICOHBIX 3JIAKOB, B 4acT-
HOCTH MIIEHUIBI U pxkn», H.M. BaBunossim B paiion Cesep-
Horo Kagkasa u [IpenkaBka3bs Obu1 komanupoBan B.W. An-
tponoB (Apxus BUP. Jlmanoe neno Aarpomnosa B.J. ®onx 5,
om. 2-1, 1. 44, 1. 8). CnenyeT ckazaTbh, YTO YHUKAJIHHOCTB KOJI-
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nekiun pxxu BUP coctouT B TOM, 4TO O0JIBIIIAS €€ YacTh CO-
Opana 10 1940 1. 3yuennem MophOIOTHISCKUX TPHU3HAKOB
MHOTHX 00pa3I0B, HAXOAAIINXCS B KOJUICKIINH, 3aHIMaJIach
B.®. AnTponosa (AHTponosa u p., 1970). Pe3ynsTars! onu-
CaHuil IeIN B OCHOBY BHYTPHBHI0BOH KITacCH(DUKALIIN PoJa
S. cereale L. — xynsrypHO# pxxu. [Tomyuennsle HOBbIe MOp(hO-
JIOTUUYECKHUE JAHHbIE BOILUIM B MOHOTpadHI0 «XJIeOHbIE 3JIaKH.
Poxp, stamens, oBec» u3 cepun «KymsrypHas dopa CCCP»
(AnTpormos u ap., 1936). Bo Bpemst Bennkoit OteuecTBeHHOM
BOWHBI MOCTYIUIGHUE HOBBIX 00pa3loB B KOJJICKIHMIO Ipe-
KpaTHIoCh. B TiepBbIe MOCIEBOSHHBIE TOBI OT/IEN BO3IIIABHII
A.Il. UanoB. CnenoBano NpuUBECTH KOJJIEKIIUU B HOPSAOK,
BOCCTAHOBHUTH BCXOKECTh CEMSIH U OOPMUTH JJOKyMEHTa-
U0, @ TAKXKE YJIOBIETBOPUTH HOTPEOHOCTH TOCYNIAPCTBEH-
HBIX CEJIEKIMOHHBIX CTAHIMH, HayYHO-HCCIIEA0BATEIBCKUX
1 Y4eOHBIX YYPEXJICHUH M KOJIXO3HHKOB-ONBITHUKOB B HC-
XOJHOM MaTepHale.

B 1948-1978 . BO I1aBe OT/ENa CephIX XJIeO0B (CoBpe-
MEHHOE Ha3BaHUE — OT/IE] TeHETUYECKUX PECYPCOB, OBCA, PKU
u stamens) Bcrana A S Tpodumosckast. [Tox ee pyxoBoacTBOM
ObUTH pa3pabOTaHBI MTOJX0/IBI K U3YUEHHIO BCETO pa3zHOOOpa-
3us1 TUMEHS, oBca U pxku. [pynmy pxku B 1964 r, nmocne 3a-
IIXTHI KaHJUJATCKOW JUCCepTaluy «JIMK¥e BUABI SIMEHS»,
Bo3maBui B.Jl. KoObuistHCKNI, KOTOPBIN TPOBEN HCCIeno-
BaHMs 110 (PUIIOTEHUU U cucTemaruke poaa Secale L. ¢ uc-
MOJIB30BAHUEM MOP(OIOro-OHONOrNYECKUX, AaHATOMUIECKHX,
TEHETHYECKHX, IUTOIMOPHOJIOTMIECKUX U KAPHOIOTHUECKUX
MeronoB. OH pa3paboTaj COBPEMEHHYIO OOTaHHYECKYIO
cucreMy porna Secale L., Bximodarontyto 4 Buga u 9 moaBH-
noB. IM ycTaHOBIICH OMH HOBBIN BUX S. iranicum Kobyl. u
4 nvoBbIx noaBuaa: subsp. vavilovii (Grossh.) Kobyl. (poxb
Baswunosa); subsp. fetraploidum Kobyl. (poxs TeTpammona-
Hast); subsp. derzhavini (Tzvel.) Kobyl. (poxs [lepxaBuna)
u subsp. tsitsinii Kobyl. (poxs ununa). B.J1. KoObuistHCK 1A
pa3paboTan BHyTPHUBHAOBYIO KIacCH(UKAIHIO KYJIBTYPHON
pxu Secale cereale L., Bkmodatoyto 40 pa3sHOBHIAHOCTEH
JIIIIIONTHOM M TETPAIIONIHON PKH, B TOM 4Hciie 11 HOBBIX,
a TaKKe CO37AI OIIPEACIINTEND, 00NErJaronuii nX pacro3Ha-
BaHue. [lanHas 6otaHnyeckas cucteMa poaa Secale L. mmpo-
KO MCIIOJIb3YETCsI BElyIIMMHU reHOankamMu EBporibl.

CospaHune 1 Ncnonb3oBaHNe JIOHOPOB ANA CeNeKkLnn PXKIr

1. 'ereposucHbie ruOpuaHbie copra. Pemenue stoi npoodie-
MBI CBSI3aHO C OTKPBITHEM B 1962 I y KU SIBICHUS [TUTO-
TuTa3Marideckoi Mmyxckoit crepuisnocti (LIMC). B BUP
ObUIM TIOJTyuYeHBI pe3yibTarsl, noarsepxaatomue [IMC,
OIpelIeNIEH MOHOI'€HHBIM PELECCUBHBIM KOHTPOJIb MPHU-
3HaKa 1 co3nanbl oHops! [IMC R-tumna (pycckoro tuma).
B renernueckoii cucreme IIMC monyueHbl cTepUIbHbBIE
mmann (MC), 3akpenurenn ctepmibHocTH (3C) 1 BoccTa-
HoButenu GpeprmibHocTH (BD). B xomnekiun BUP Takne
muHuK cosznanel ¢ Beicokor OKC u CKC mo xomruiekcy
XO3SIICTBEHHO LIEHHBIX TPH3HAKOB, OHU MOTYT CIIyKHTh
JIOHOpaMH JUIsl yIy4YHICHHUS] COPTOBBIX MOMYJISIUN 110
JMMUTHUPYIOIIUM CCJICKIIMOHHBIM MPU3HAKAM. I/ICCJ'IeZlO-
BaHUS 1O TeTepo3ucHoil pxwu nposoawtn H.C. Jlanmkos
u A.T. Kareposa.

2. KoporkocTeOenbHbIC HEMOJEraminue copra. 3aciyra
B./I. KOOBUIAHCKOTO COCTOHT B TOM, YTO OH BIIEPBEIE OCY-
[IECTBHJI TEHETHUECKYI0 N dhepeHnnannio npu3HaKa Ko-
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POTKOCTEOETILHOCTHU Y PKH U BBIIEITNII HEU3BECTHBIN paHee
JOMHUHAHTHBIA TeH H/. DTO OTKPBITHE CIIOCOOCTBOBAIIO
Pa3BUTHIO HOBOTO HAIIPABJICHUSI CEJICKIINH HETIOJICTalOMINX
coptoB pxxu. [lepBUuHbBIE JOHOPBI IPHU3HAKA — €CTECTBEH-
sl MyTanT EM-1, Mansimr 72, u ero Ipou3BOIHEIE, a
TaKke MecTHast poxb (k-10028) u3 Bonrapun.

3. Copra, ycToiiunBbie K OCHOBHBIM Oosie3nsiM. B.Jl. KoObI-
nsHCKH coBMecTHO ¢ O.B. ConmonyxuHOH, cOTpyTHIKOM
otnena reaerrkn BUP, paspaboTanu ctparernio cenekunu
03UMOH DKM HA YCTOMYMBOCTH K I'PUOHBIM OOJIE3HSIM:
MYYHHCTOH poce, Oypoil u cTebneBoi pikaBunMHE. YCTa-
HOBJICH T€HETHUCCKHH KOHTPOJIb MPU3HAKA UMMYHHTETA
K 9THM OOJIC3HSIM, HACHTH(OUIIMPOBAHBI TEHBI U IOy YEHbBI
63 3(ppekTHBHBIX TOHOpA TPYIIIOBOH YCTOWIHMBOCTH PIKU
K MOCKOBCKOW M TeTepOyprcKoi MOIysusM cTeOneBoi
pKaBYMHBI, Oypoil pKaBYMHE, MyYHHUCTOU poce, oOia-
JAIOINX KOPOTKOCTEOEIBbHOCTRIO U APYTUMH IIEHHBIMHU
CeNIeKIIMOHHBIME Tpu3Hakamu: Oprud Hi, Lr4, Sri, Er;
Terepa 3 HI, Lr4, Srl, Rm2; Jloammarounae 2 HI, Lr8, Er;
SApocmasua 2 HI, Lr10, Srl n np. Co3maHbl yCTOWYHUBEIC
K Oone3Hsm copra o3umoil pxu: Huka, Kuposckas 89,
CHexana, Dcradera Tarapcrana, Dpa u ap.

4. Copta ¢ XopommumH xjieborekapHsIMHI KadecTBaMu. CeTex-
LIsE P>KHU HA Ka9€CTBO 3epHA Ha IPOTSHKEHUN BCETO HCTOPH-
YeCKOro NeproJia MpOU3BOJICTBA ITOH KyJIBTYphI ObliIa Ha-
TIpaBJIcHa Ha yITydIIeHHE XJIcOOneKapHbIX CBONCTB, CPeAn
KOTOPBIX TIIABHBIMHU SBJISIOTCSI HU3KAasl aMHJIONUTHYCCKas
AKTHBHOCTH (hepMeHTa ajib(a-aMuiia3pl, pacIeIsFOIEero
Kpaxmai, U BBICOKOE COfIepKaHUE BOJOPACTBOPUMBIX He-
KpaxMaJbHBIX MOJHCAaXapuaIoB (IIEHTO3aHOB), 0Oeceyn-
BAIOIMX JIYYIIUH TObEM TECTa, CTPYKTYPY XJICOHOTO M-
KHIIA, OTPECISIIONINX CBEKECTh W MPOAOIDKUTEIBHOCTh
xpaHeHus xieba. Co3naHbl U BBIJICNCHBI cOpTa: AMMIIOT,
Anbda, Otello (ILIBerust).

5. Hu3KoneHTo3aHOBbIE COPTA YHUBEPCAIBLHOIO HCIIOIb30Ba-
Hus. C 2004 r. 8 BUP npoBogutces paboTa 1o BEIBEICHHIO
NMOoNyJAIMOHHBIX COPTOB 03UMOH PKH, OPpUTOAHBIX JIsL
KOPMOBO# 1 KOMOMKOPMOBOM MTPOMBITIIICHHOCTH. B 2016—
2018 rr. B ['ocymapcTBeHHBIN PeecTp CEIEKIIMOHHBIX JOCTU-
)I(eHI/Iﬁ, JOIMYIIEHHBIX K UCITOJIb30BAHNIO, BKIIFOYCHBI HOBBIC
CcOpTa HU3KOIEHTO3aHOBOM O3UMOM pXKH, CO3IaHHBIEC B
BUP: copr BaBnosckast (¢ yaactuem Tymsckoro HUMCX),
copt beperuns (¢ Kotnacckoit Poccenbxo3akanemueit),
copt Ilomapox (¢ Tarapckum HUMCX), copt SnTapHas
(¢ Ypanscknm HUMCX), copt KpacHosipckast yHnBepcaib-
Has (¢ Kpacnospckum HUNCX).

XpaHeHue Konnekumn 031nMon pxu
H.M. BaBuiioB ynensur oco0oe BHUMaHHE COXPAHEHUIO CO-
OpaHHOTO CO BCEro MUpa TeHETHYECKOro pa3zHooOpas3ums
KyJIBTYPHBIX PACTCHHUH 1 NX JUKKX coponuuei. Co BpeMeHeM
110001 00paser KOJUIEKIIUK MOXKET YTPAaTHTh CBOU Ka4eCcTBa U
TEHETHIECKYIO OJHOPOAHOCTH B CBSI3H C YACTBIM IIEPECEBOM
00pa3moB /Ui BOCCTAHOBJICHUSI BexoxkecTH. [yt obecre-
YEHUsI JKM3HECIOCOOHOCTH KOJIEKLIMOHHBIX 00pa3loB MpH
MHUHHUMAJILHOM YHCIIE TIEPECEBOB UX HEOOXOANMO COXPAHSTh
B KOHTPOJIUPYEMBIX YCIOBHSX B CIICINAIN3UPOBAHHBIX HU3-
KOTEMIIEPATyPHBIX XPaHUIINIIAX.

CoBpeMeHHBIE HU3KOTEMIEPaTypHBIE XPAHWININA ObUTH
ycranosieHsl B 1976 . na Kybanckoit onbitHOM cranumyn BUP,
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Kyzaa 3ayokero 1806 obpasuos pxku, u B 2000 I. B 3maHHIX
BUP B Cankr-Iletep6ypre (Jlockytos, 2009). Komreknns
KM €XKETOMHO 3aKiaapBacTcs Ha omnepatuBHOe (+4 °C) u
nnurensHoe xpanenue (—10 °C). Ha cerogusimnuii eHb Ha
OTIepaTUBHOE XpaHEeHHeE 3a10%keHo 2670 00pa3moB pku, a Ha
JmTensHoe — 2380 00pasios.

I/I3yquVIe 06pa3u,03 KoJinekKuun p»Kn
Komexkunonnsie 06pasmnsl BUP — 3To 0CHOBHO#M MCXOIHBIN
Marepua JUlsl BEIBEICHHUS HOBBIX COPTOB, KOTOPBIM IIHPOKO
TIOJTB3YIOTCS CENIEKITMOHHBIE YapexaeHnst PO. OT Hamugaus xo-
poIIero, pa3HOCTOPOHHE U3YUYEHHOTO HCXOAHOTO MaTePHAIbI
Y TIPaBUJIBLHOTO €ro MoA00pa 3aBUCHUT YCIEX CEICKLIMOHHOM
pabotel. Hapsimy ¢ KOMIUTEKCHO# MTOJICBOH OIIEHKON OTEIIOM
TCHETUYCCKHUX PECYPCOB OBCA, PXKH U SIMCHS COBMECTHO C
MeronuueckuMu otaenamu BUP ucnenyercs u Boiaensiercs
[IEHHBIN TeHO(OH IS PEIIeHUs Ipo0IeM yCTOWIMBOCTH K
Ba)KHEHIIINM 3a00JI€BaHHSAM, KOPOTKOCTEOETHHOCTH, KauecTBa
3€pHA U 3€PHOBOM NIPOJYKTUBHOCTH.

N3ydeHne reHeTHYECKUX pECYpPCOB 0O3UMOM U SIPOBOM pKU
Ha Bcex dTanax GopmupoBanus kourekunu BUP 6buto u
0CTaeTCsl BAKHEHIIIMM HaIlpaBJIeHHEM padoT, O3BOJISIOIIUM
CHCTEMaTH3UPOBATh KOJUIEKIIMIO, a TAK)KE BBISBUTH HCTOUHH-
K1 M IOHOPBI ICHHBIX TIpH3HaKOB. C [eITbI0 JaTbHEHIIEro pac-
HIMPEHHs HAYYHBIX CBSI3€H C CENIEKIEHTPaMHU, YIIIyOJIeHHOTO
n3ydeHus U 3PPEKTHBHOTO UCTIONB30BAHUS CEIEKIINOHHOTO
MOTEHI[MAJIa PACTUTEILHBIX PECYPCOB O3UMOH H SIPOBOH PKH
CHUCTEeMAaTHYEeCKH M3/1al0TCA KaTalloTH C XapaKTepUCTUKON
MOP(OTOTHYECKUX M XO3IMCTBEHHO IICHHBIX NMPU3HAKOB,
TEXHOJIOTUYECKNX CBOWCTB 3€pHA, NCTOYHHKOB MU JOHOPOB
YCTOWYMBOCTH K I'PHOHBIM OOJIC3HSIM.

C 1970 mo 2018 1. u3yueno cbime 2300 KOIIeKITMOHHBIX
00pasIoB pXH, HaHOOJbBIIEe KOJTMYECTBO COCTABHIM COPTa
n3 Poccun, [lonbmm, Ykpaunsl, bonrapuu, benapycu. Ilo
STHM JaHHBIM OBIIO M3JaHO 23 KaTajora MHPOBOW KOJUIEK-
uuu BUP. bnaronaps nauareiM eie B 1936 r. uccnenoBaHusim
pa3HooOpa3ust KOJUIEKIIMU DK, CTajJ0 BO3MOXKHBIM LieJe-
HAPaBJICHHO CHAOXAaTh CEIEKIEHTPHI CTPAHBI UCXOTHBIM
MmarepuanoM. Cnennanuctel BUP u cenexnuoneps no poku
13 22 CeNneKIMOHHO-CEMEHOBOMYECKUX YUPEIKICHUN TECHO
COTPYOHHYAIOT B paMKaxX CEJEKIIMOHHBIX Iporpamm. Mc-
nonb3ys koyutekunto BUP mo o3uMoil pixku, cenekunoHepsl
BbIBeNH 95 % BcexX JOIMYNIEHHBIX K UCIIOIb30BAHUIO COPTOB.
B cozmannm copToB y4acTBOBAIN OTEYECTBEHHBIE CEIEKIINO-
Heps! O.T. Konnparenko, A.A. 'ongapenko, V.C. bamObies,
T.51. Epmonaesa, A.A. Topom, M.JI. [Tonomapesa, C.H. Ilo-
Homapes, B./1. Ko6surstacknit, O.B. Cononyxuna, JI.W. Kex-
posa, E.W. YTkuna, H.T". ITonos, K.I1. Becenona, H.I". [1yrau,
H.B. Tpycos, K.H. Kypmanramun, B.T. Baceko, JI.C. I'paueBa,
I.C. ITommoBa, M.A. Tumuna, H.C. Bragumupos, E.I. My-
xopaos, A.H. Kosrynenko, A.Il. Pomanos, I'A. CrokoBa,
b.B. Iomog, C.A. Kynak6aes, H.W. Jlemenko, B.A. Msi3-
raesa, A.X. lakup3saoB. Ha 2018 . B T'ocymapcTBeHHBIIH
peecTp CENeKIMOHHBIX TOCTHXKEHUNW Poccuu BKITFOUCHO
80 copTOB POCCUNMCKON CENEeKINH, CPEAN KOTOPBIX CIeTyeT
OTMETUTH HOBBIE copTa: MockoBckas 12, MockoBckas 15
(®ULl Hemunnoska), bepernns, Basnnosckas, Kpacnosip-
ckas yHuBepcaibHas (BUP), Capatosckas 6, CapatoBckas 7,
Mapycenska (HUU cenbckoro xo3siictBa FOro-Bocrtoxka),
Tamosckast 41, Tanosckas 44 (HUU cenmpckoro xo3siiicTBa
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HenTtpanbuo-UYepHozemuoii nonocsl uM. B.B. Jlokydaesa),
Panons, TanTtana, Dcradera Tatapcrana, [Tomapox (OUL]
Kazancknit Hayunsiit nentp PAH), ®anenckas 4, CHexana,
Pymnuk, ®nopa u ['paduns (PenepanbHblii arpapHblid Ha-
yunblii eHTp Cesepo-Bocroka mm. H.B. Pynaumxkoro), Opa,
Cnasuns, [Tamsatu [Tonosa (Jlennnrpanckuit HUUN cenbckoro
xo3siicta «benoropkay), Cununsra (OULL KpacHospekuit
nayunbsiii ientp CO PAH), Bnama, Cubupckas 87 (UL
WucruryT nuronorun u renernku CO PAH, . HoBocuGupck),
Upreimickast, Cubups 4 (OMCKuii arpapHbiii ieHTp), [lapom,
Amuca (Ypansckuit HUU cenpckoro xo3siicTa), Yynman 3,
UYynman 7, [amarn Kynax6aesa (Bamxupckuit HUU cenb-
ckoro xo3siicTBa) (locyqapcTBeHHBIN PEeCTp CEeICKIIMOHHBIX
nmoctmkenuit PO, 2018). Dtu copra oTIMYArOTCS BBHICOKON
YPOXaHOCTBIO0, OTAMIHBIMH XJICOOTIEKapHBIMH KaueCTBaAMH,
YCTOHYUBBI K OJIETaHHIO, MEHBIIIE TIOPAXKAIOTCsI OOJIE3HSIMHU.
Hogrie copra beperuns, Ilonapok, KpacHospckas yHuBep-
casbHast, SIHTapHas JOMyIIEHBI K NCITOIB30BAHHIO KaK HU3-
KoreHTo3aHoBbIe B 2018 n

3aknioyeHune

B cuity CIIOKUBIITHAMCS Tpaguliun KOJIJICKIUIO TCHETHUYCCKUX
PECYpPCOB PKHU TPAKTYIOT Kak 0a3MC NCXOAHOTO MaTepuaa st
CEJICKIINH O3MMOMW PIKH, BBIITOJHEHHUSI OCHOBOIIOJIATAIONINX
HCCIIeIOBaHUHN U 3KcrepuMeHToB. CHCTeMaTHUeCcKoe Mpe-
CEJIEKIIIOHHOE HCCIIEAOBAHNE COPTOB M 00pa3IOB O3MMOM
PKH UMEET CBOIO TPEJBICTOPHIO U CIOKUBIIYIO CHCTEMY.
B HacTosmee BpeMs OHO OCYIIECTBIAETCS, MPEX/E BCEro,
JUTS OOHApY>KEHUs Cpen 00pa3IoB NCTOYHUKOB M JOHOPOB
LIEHHBIX NTPU3HAKOB 110 YCTOMYMBOCTHU K 3a00JICBAHUSIM, TIO-
JIETaHMIO, 10 KAYECTBY 3€pHA U Ap. 3HAHUE XapaKTepa U IeHe-
THYECKHX PAa3TUINil M B3aUMOCBS3€H CIIOCOOCTBYET HE TOJb-
KO IeJICHAIPaBJICHHOMY IPUBIICUCHNIO B Komieknuio BIP
HOBOT'O MCXOJHOIO Marepuaja, HO U MOBBIIICHUIO 3(dek-
TUBHOCTH (JOPMHUPOBAHNS BEIOOPOK JUTS CETIEKIIMOHHOTO HC-
TMIOJTE30BAHUSL.
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This article presents the history of the formation of the Russian state Brassicaceae collection maintained at the
N.I. Vavilov All-Russian Institute of Plant Genetic Resources (VIR). Nowadays this one of the world’s richest collections
encompasses more than 10,750 accessions of different status from 32 species and 11 genera: vegetable, fodder, oilseed,
spicy, ornamental crops and continues to grow through collecting missions and exchange of material. The first intra-
specific botanical and agrobiological ecologo-geographical divisions of many crops - cole, turnip, radish, small radish,
Swede - were performed by E.N. Sinskaya and T.V. Lizgunova over years of research. These unique works have been con-
tinued by M.A. Shebalina and L.V. Sazonova: the cultivar types of Chinese cabbage and pakchoi have been determined;
the development of the classifications of white cabbage, broccoli, small radish, turnip is being continued. The objec-
tive laws of variability of valuable biochemical traits are presented; a comparative analysis of nutritive and biologically
active substances, primarily secondary metabolites, allowed us to determine specific biochemical compounds: those
common for the related species Brassica oleracea and B. rapa but occurring in them at different frequencies and those
unique for species, subspecies and separate cultivar types; this is the beginning of taxonomic studies. With phytopatho-
logical studies, the common diseases of Brassicas in the northwestern part of Russia were determined, and the level of
their distribution and development depending on the crop was shown. Genetic studies of the Brassicaceae collections
at VIR include DNA analysis to search for duplicates in the collections, to compare original seeds and the seeds after
reproduction and to assess the authenticity of saved accessions, to assess biodiversity, including that of new material
from collecting missions, to develop phylogenetic studies. Chromosome loci controlling flowering time, morphological
and biochemical traits were determined by QTL analysis and association mapping, the molecular markers found are
used for screening the collection and breeding material. The sources and donors of traits valuable for modern breeding
directions have been found for use in various breeding programs.

Key words: Brassicaceae collection; formation; complex evaluation; biochemical and immunological studies; QTL ana-
lysis; association mapping.
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DepepanbHbii CcnefoBaTeNbCKUIA LLEHTP BCepoccuincknii MUHCTUTYT reHeTUYeCKrX pecypcos pacteHuii um. H./. Basunosa (BUP), CaHkT-MeTtepbypr, Poccus
&) e-mail: akme11@yandex.ru

MNpepcTaBneHa nctopua Co3faHNA POCCUNCKOM roCyAapCTBEHHON Konnekumn cemenctBa KanyctHble (Brassicaceae),
coxpaHaemoii B ®ULL Bcepoccnincknim MHCTATYT reHeTUYeCKnx pecypcoB pacteHuin um. H.W. Basnnosa (BUP). B HacTo-
fAlllee BpeMs 3TO OAHA M3 CaMblX OOLIMPHBIX B MUPE KONneKuMi, BKtoyatowasa 6onee 10 750 06pa3uLos pasnnmyHoro
cTaTyca, npuHagnexawmx 11 pogam v 32 BMAaM OBOLLHbIX, KOPMOBbBIX, MAaCJIMYHbIX, MPAHO-BKYCOBbIX 1 AeKOPaTUBHbIX
KynbTyp. Konnekunsa nononHAeTca 3a cYeT perynapHbIX SKCNeanUMOoHHbIX c6opoB U obMeHa MaTepuanom. MNepsble
BHYTPVBUAOBble HOTaHMYeCKre 1 arpobuonornyeckue sKonoro-reorpaduyeckme Knaccudmukalumym MHOrMX KynbTyp —
KanycTbl, perbl, pefibKu, peaunca, 6ptokebl — 6binn caenaHbl E.H. CrHckon u T.B. JIn3ryHoBoOM B NpoLiecce MHOIONEeTHero
n3yyeHus. 3aTeM 3T YHUKasbHble paboTbl npogomkunu M.A. LLiebanuHa v J1.B. CazoHoBa. ViccnenoBaHma npoBogATca
B BVIP 1 cerogHs: BblgeneHbl COPTOTUMbI NEKUHCKOW U KUTANCKON KanycTbl, B CTaAnmn JOpaboTKN HaxoanTCsa arpobuo-
noruvyeckasa Knaccndukauma 6enokoyaHHoNM KanycTbl, 6POKKONM, peanca 1 penbl. B ctaTbe NnpuBeaeHbl pesysnbraThl
N3yYyeHUss 3aKOHOMEPHOCTEN U3MEHUMBOCTY LiEHHbIX BUOXMMMYECKMX MPU3HAKOB. Tak, CPaBHUTENbHbLIN aHann3 Ha-
KOM/eHVA NUTaTeNbHbIX U G1ONOrMYECKN aKTUBHbBIX COeAMHEHUI, MPexe BCero BTOPUYHbIX METaboNNTOB, NO3BOUI
YCTaHOBUTb ANA POLCTBEHHbIX BUAOB KarycTa 1 pena obLyne KOMMNOHEHTb BUOXMMUYECKOro COCTaBa, BCTpeyatoLmecs
C PasfIMYHON YaCTOTON M YHUKaNbHblE Y BUAOB, MOABUAOB U OTAENbHbIX COPTOTUMOB, YTO ABNAETCA MOAXOAOM K XeMO-
cuctematurke. bnarogaps ¢putonatonormyecknm nccnefoBaHmaM onpeeneHbl obwme 3aboneBaHnA KanycTHbIX Kysib-
Typ Ha CeBepo-3anafe Poccmu, nokasaHa cTeneHb pacnpocTpaHeHna 1 pa3BuTUA 6one3Hel B 3aBUCMMOCTM OT KyJlb-
Typbl. leHeTnYeCcKne nccnefoBaHUA Konnekuuin Brassicaceae B BUP Bkntouatotr JHK-aHanu3 gna noucka pybnertos,
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CpaBHEHNA OPUTNHANbHbIX CEMAH C penpoayKumnaMmn N yCTaHOBJTIEHNA aYyTEHTUYHOCT COXPAHAEMbIX B TEHHOM 6aHKe
o6pa3u,os, OuUeHKN 6mopa3Hoo6pa3vm, B TOM 4yuncne 6|/|opa3Hoo6pa3vm HOBOIo 3KCnNegnUMOHHOro Mmatepuana, npo-
BefeHnA d)VIJ'IOI'eHeTVILIeCKVIX nccnepoaHnii. C nomoubio QTL-aHanu3a n accoumaTrBHOro KapTnpPoOBaHMA KanyCTHbIX
Kynbtyp Obinu YCTaHOBJ1E€HbI XPOMOCOMHbI€ TOKYCbl, KOHTPONNPYOLWME BpeMA nepexoaa K UBeTeHUIO, Mop¢onor|/|qe—
CKue 1 GroxnuMmyeckKmne MPU3HaKn, Npn 3TOM HalijeHHble MOnNeKynApHble MapKepbl NCNONb3YOT ANA CKPUHUHTA KO-
NEKUMOHHOrOo 1 CenekKUMOHHOro maTtepuana. Bbl,qeﬂeHbI NCTOYHUKU N AOHOPbI LeHHbIX NMPU3HAKOB MO HOBbIM HalMnpas-
NeHnAM cenekumm ona pasinyHbiX cenekuMoHHbIX NporpamMmm.

KnioueBble cnoBa: Konnekuns Brassicaceae; CO3aHNe; KOMMJIEKCHOE U3yYyeHune; OGUOXMUNYECKIE 1 NMMYyHOnormnyeckme
nccnepoBaHus; QTL-aHanm3; accoymatuBHoe KapTnpoBaHue.

VIR Brassicaceae collections formation

and modern condition

Family Brassicaceae Burnett is one of the largest, young,
fast evolved family in plant kingdom with approximately
338 genera and 3709 species (Warwick, Hall, 2009), encom-
passing wild and many cultivated oilseed, vegetable, spicy,
ornamental species that included in the basis of worldwide
economy. N.I. Vavilov, famous botanist, phytopathologist and
geographer, began to be Bureau of Applied Botany — future
VIR — Director in 1920 and he had invited to VIR many
scientists, among them E.N. Sinskaya, who worked with
fodder, oilseed and rooted brassicas, T.V. Lizgunova, curator
of vegetable cole collections. E.N. Sinskaya continued the
Vavilov determination of centers of origin and biodiversity
of cultural crops and their wild relatives (Vavilov, 1926), pre-
pared a significant work “Historical Geography of Cultivated
Flora” (1969).

The formation of VIR Brassicaceae collection had begun in
1923 after N.I. Vavilov visit West-European countries, USA
and Canada (1921-1922) and from All-Russian agricultural
exhibitions. In 1926 VIR scientists started to study 450 acc.
of white cabbage and cauliflower, 150 turnip acc., 90 radish
acc., 180 mustard acc.

1500 accessions of vegetable brassicas and 450 oilseed
accessions were collected by N.I. Vavilov himself and his
colleagues till 1940: for instance, in expeditions 1925-1929
231 acc. were collected by N.I. Vavilov in the countries of
Mediterranean basin, Ethiopia, China, Korea, Japan, Taiwan,
360 acc. were collected by P.M. Zhukovskiy in Minor Asia
and Syria, 90 acc. by V.V. Markovich in India, China, Japan,
241 acc. by E.N. Sinskaya in Japan. Collection had grown by
exchange of valuable material with different Institutes and
companies in Western Europe and North America. But only
20 % brassicas accessions were saved from this time during
the 2nd World War. From 1941 till 1945 the collections were
stored in Leningrad; a small part of valuable vegetable bras-
sicas accessions was evacuated to Ural.

Resumption of VIR brassicas collection started from 1946,
when loss material was collected from the same locations
as in N.I. Vavilov time and bought from the same breeding
companies like Vilmorin (France), Sluis en Groot, Nickerson-
Zwaan B.V. (Netherlands), Dippe, Lembke (Germany), etc.
The first round of new reproduction and new characterization
and evaluation trials has begun from 1946. From 1950 VIR
collections enriched very intensively. Local resources from
ex former USSR, China, India, Japan, Syria, Turkey, and
Australia were collected very full.

Nowadays the Russian state worldwide Brassicaceae col-
lection keeping in N.I. Vavilov All-Russian Research Institute
of Plant Genetic Resources (VIR) is one of the largest in the
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world; the largest Indian collection includes 11238 acces-
sions, other large Brassicaceae collections are stored in United
Kingdom (5329 acc.), Germany (4303 acc.), USA (4993 acc.),
China (5500 acc.) and Japan (1831 acc.). In European data
base 25901 brassicas are located. VIR Brassicaceae collec-
tion consists of 10759 accessions of 32 species belonging to
11 genera: vegetable, fodder, oilseed, spicy, ornamental crops.
Among them it includes large collections of traditional crops:
cole crops Brassica oleracea L. — 2420 accessions, Asian
and European leafy and rooted crops Brassica rapa L. —
more than 1500 acc., radish and small radish Raphanus
sativus L. — 2390 acc., rapeseed Brassica napus L. oleifera
Metzg. — 1300 acc., Indian mustard Brassica juncea (L.)
Czern. — 1260 acc., and also old quite rare crops but becoming
popular now in Russia again Swede Brassica napus L. rapifera
Metzg., water cress Lepidium L. sp., salad rocket Eruca sa-
tiva L., turnip rape Brassica rapa L. oleifera Metzg., white
mustard Sinapis alba L., false flax Camelina L. sp. and others.

According N.I. Vavilov worldwide collection should reflect
natural biodiversity of cultural crops and their wild relatives
and also general genepool of modern breeding achievements.
The VIR collection includes the accessions of different status:
landraces (30 %), old and advanced breeding cultivars (58 %),
inbred and double haploid lines, hybrid populations, mapping
populations (12 %). VIR Brassicaceae collections compose
around 80 % unique accessions.

Nowadays big attention takes to collect local types and
morphotypes with high level of resistance to biotic and abiotic
stresses, valuable biochemical composition, decorative char-
acters; introduction of the new for Russia crops and cultivar
types; collection of the best world achievements on the newest
breeding directions; addition of the new genetic material. Very
important unique local accessions of white cabbage, turnip and
radish have been collected during last five years in South part
of Russia, Altay, Far East, and also in Armenia, Azerbaijan,
Tajikistan, China. Earliest accessions of cauliflower, broccoli
and kohlrabi have been received from the Dutch and Japanese
breeding companies, turnip and leafy Asian crops accessions —
from Chinese Institutions and a company from USA, vegetable
types of Indian mustard — from Chinese Genbank.

In VIR the procedures of storage, regeneration, multiplica-
tion, distribution of accessions to users have been managed
as in modern Genebank, including safety duplication of large
part of collections in two locations: in St. Petersburg in the
freezers under —10 °C and at Kuban station (Southern part
of Russia) underground under +4 °C. Most accessions from
the base collections stored in St. Petersburg under +4 °C for
short-term storage. Most brassicas accessions have coefficient
of safety duplication 2.5-2.8. 5 % brassicas accessions have
been stored in Svalbard Global Storage. VIR Brassicaceae
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crops and wild relatives Herbarium includes 1673 accessions
of 105 species, 16 genera; weed Brassicaceae Herbarium in-
cludes representatives of 56 genera.

The main goals of PGR evaluation at VIR

Intraspecific division on the base

of ecologo-geographical evaluation

The VIR evaluation strength is complete phenotyping of all
accessions in the different ecologo-geographical zones of
Russia according the same methodic during three years. The
VIR evaluation data bases according original VIR descriptor
include 47-55 morphological and phenological characters for
vegetable crops, 18-23 characters for oilseeds, and separate
immunological, physiological, and biochemical data bases
too (Methodics, 1988, 1989).

As results of characterization and evaluation of brassicas
collections for many years and phylogenetic studies VIR
scientists created intraspecific ecologo-geographical clas-
sifications of cole, turnip, Swede, radish, Indian mustard and
other mustard crops, prepared descriptors for brassicas and
studied variability of many traits (Sinskaya, 1928, 1939, 1969;
Lizgunova, 1959, 1965, 1984; Shebalina, 1974; Shebalina,
Sazonova, 1985). They divided each cultivated species on
subspecies, convarieties, varieties, botanical forms, agro-
biological eco-geographical groups and cultivar types. This
work is being continued in VIR nowadays. Need to note
that the taxonomy and phylogeny of Brassicaceae is under
discussion and determination in the world till now despite of
great efforts to delimitate tribes and species. Many types of
molecular markers have been carried out including different
DNA regions as barcodes for taxonomic identification where
ITS were the best (Warwick, Hall, 2009; Warwick et al., 2010).

All modern classifications of crops including molecular
genetic works are finishing on botanical varieties and forms
and modern researchers use agro-biological classifications
developing by VIR scientists (Bradshaw, 2010; Wang, Kole,
2015). For example, Brassica rapa L. contains a number of
crops with great economic importance of different use. After
C. Linneus, F.I. Ruprecht, and L. Bailey E.N. Sinskaya de-
scribed 10 separate species: B. campestris L., B. chinensis L.,
B. chinoleifera Viehoever, B. dubiosa Bailey, B. glauca
Wittm., B. narinosa Bailey, B. nipposinica Bailey, B. peki-
nensis Rupr., B. rapa L., B. trilocularis Hook. et Thompson
(Sinskaya, 1969). Modern classifications determined all these
crops as subspecies and varieties into Brassica rapa species
(Hanelt, 1986; Gladis, Hammer, 1992; Specht, Diederichsen,
2001), but final common intraspecific classification does not
exist till now.

According to E.N. Sinskaya, turnip and turnip rape had
a wild progenitor; it was form, closely related to cultivated
winter turnip rape, with inclination for enlarged root forma-
tion. European forms were domesticated in Minor Asia, and
Asian —in Afghanistan and North India. The oleiferous forms
also could be domesticated separately: in Mediterranean center
of origin and in Central Asia, Afghanistan and North-East
India. In India three ecotypes of oleiferous B. rapa exist:
yellow sarson, toria and the oldest brown sarson was evolved
in North-East India from original initial plant of B. rapa (Sin-
skaya, 1928). Nowadays B. rapa is considered originated in
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two independent centers of origin — Mediterranean area as the
primary center for oleiferous/rooted forms and Central Asia
for turnip forms, then turnip distributed to different directions
where different types were developed. In India the primitive
types developed oilseed forms, in China — oilseed and leafy
forms (Wang, Kole, 2015).

E.N. Sinskaya divided turnip B. rapa L. on two species
B. rapoasiatica Sinsk. and B. rapoeuropea Sinsk., in the first
she included oldest primitive Afghan form and originated
from it Indian, Middle Asian, Japanese turnips, in the se-
cond — primitive Minor Asian turnips and originated from them
European turnips and determined 9 eco-geographical groups:
(1) Teltov; (2) Western European; (3) Russian yellow flash;
(4) Intermediate type between Russian and Asian; (5) Minor
Asian with distinct leaves; (6) Afghanis; (7) Japanese with
entire leaves; (8) European with entire leaves; (9) Chinese
with entire leaves without hairiness. Then M.A. Shebalina
(1974) divided turnip on 5 varieties: European, Minor Asian,
Iraqi, Central Asian, and Japanese; European variety divided
on 25 cultivar types, but according her meaning, these culti-
var types do not include all biodiversity of turnip cultivars.
Now on need to divide the last M.A. Shebalina varieties on
morpho-physiological cultivar groups.

E.N. Sinskaya, then M.A. Shebalina and L.V. Sazonova
(1985) divided the radish Raphanus sativus L. on 3 subspe-
cies: European, Chinese, Japanese, and each subspecies on
varieties, correspondingly 6, 5 and 2. Small radish accessions
have been divided on European and Chinese convarieties,
including 4 and 2 varieties, generally corresponded of root
colour, and 14 cultivar types. Follow by modern evaluation
in VIR small radish collection was divided on 6 groups on
the base of morphological characters of root, leaf rosette,
phenological traits, resistance to bolting, etc., and DNA data
(Artemyeva et al., 2017).

Accordind to E.N. Sinskaya opinion, rapeseed, turnip
rape, black and charlock mustard are authentically unknown
in a nature as wild forms. They seem to be originated from
Mediterranean region, and probably had independent history
of domestication at several spots. As results of investigation
of the British oilseed rape samples, E.N. Sinskaya concluded
that oilseed rape putatively amphidiploid, originated from the
cross of ancient Atlantic form of wild kale with turnip rape
(Sinskaya, 1960, 1969). According to De Candolle opinion,
rapeseed has entered to Russia from Ukraine territory. This
theory can be proved by a fact, that 20 % of the rapeseed
landraces and old cultivars were collected at Ukraine (among
accessions, collected before 1982).

T.V. Lizgunova believed the modern recognized cultural
varieties of cole crops B. oleracea (Gomez-Campo, Prakash,
1999) by separate species in a composition of B. aggr. olera-
cea (L.) Lizg. (Lizgunova, 1965, 1984). She divided cole
crops collections on cultivar types. Nowadays origin of some
Russian and European white cabbage types — Savinskaya,
Schweinfurter, Dobrovodske by hybridization of European
and oriental types have been proposed; Italian sprouting broc-
coli have been divided on three types according the primer
and second centers of origin Italy, USA and Japan (Artemye-
vaetal., 2017).

VIR Chinese cabbage collection intravariety classifica-
tion has been done, 14 cultivar types have been determined:

BUOPECYPCHbIE KOJIJTIEKUMIN / BIORESOURCE COLLECTIONS 789



A.M. Artemyeva, A.G. Dubovskaya
N.G. Kon'kova

into B. rapa pekinensis dissoluta Li — type Dunganskaya,
var. infarcta Li — types Shantung, Siao, Nagasaki, Chirimen,
var. laxa Tsen et Lee — Chosen, Kashin, var. cephalata Tsen
et Lee — Chee-Foo (Wong-Bok) (subtypes Chee-Foo and Ma-
tsushima), Hotoren, Kaga, Aichi (subtypes Aichi and Nozaki),
var. cephalata f. cylindrica Li — Granat (Michihli) (subtypes
Granat and Khe-tou), Da-zin-kou, var. cephalata f. depressa
Li Kensin. According large biodiversity into Granat cultivar
type possibly to determine Khe-tou subtype as separate type.
B. rapa chinensis collection has been divided on 5 cultivar
types Taisai, Piorbai, Syusman, Yu Tsai, Lei choi (Artemyeva,
2001, 2004; Artemyeva, Abremskaya, 2017).

VIR brassicas collections have been structured. Genetic col-
lection includes accessions with identified genes: for example,
rapeseed genetic collection includes lines with identified genes
controlled morphological traits, fatty acids composition, re-
sistance to Fusarium, CMS polima system; pak-choi genetic
collection includes double haploid lines with identified and
localized chromosome loci determined many morphological,
biochemical and immunological characters.

Trait collections present a system of intraspecific variability
of studied traits, determination of the sources and creation of
donors of these traits. Amplitude of natural variation of pro-
ductivity, earliness, resistance to biotic and abiotic stresses,
features of biochemical composition in brassicas is enormous.
The limits of variation of quality traits in each crop have been
determined, and accessions divided on statistically distinct
groups. For instance pak-choi collection is divided for the
quantity traits of plant size (plant diameter, height, lamina
and petiole lenght and width) and productivity on 69 groups.
The trait collections have been developed for all characters of
breeding interest: vegetation period, weight, productivity, size,
shape, colour of productive organ, habitus of leaf rosette, leaf
morphological characters, resistance to diseases and insects,
edaphic factors, cold, frost and heat, valuable nutritive and
biologically active compounds, dwarfism. The agrobiological
models of the future cultivars for different breeding directions
and for different climatic conditions have been created in VIR
for all brassicas crops.

Biochemical studies
Food nutrition is becoming one of the most important factors
in the choice of products in modern conditions. Brassica crops
are characterized by low caloric value; contain high quality
protein, carbohydrates, fiber, minerals, and biologically active
compounds: vitamins, enzymes, pigments, secondary metabo-
lites. In humans, the last mentioned reduce risk of chronic
diseases development having anticarcinogenic, antioxidant,
antibacterial and antiviral effects, stimulate the immune sys-
tem and reduce inflammation. Brassicas also prevent from de-
velopment of cardiovascular diseases and illnesses associated
with ageing. These arguments enable to recommend increased
consumption of brassicas. In the number of researches analysis
of bioactive compounds accumulation, the mechanisms of
their action in Brassicaceae family and the biotechnological
approaches enriching the content of antioxidant compounds
in the plants have being considered (Raiola et al., 2018).

In VIR classical biochemical analysis of brassicas acces-
sions, determination of resources of valuable compounds for
breeding programs has been continued from 1936. 50-90 %
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accessions of collections from all cultivars types were evalu-
ated for dry matter, sugars, vitamin C, organic acids, protein,
carotene, chlorophylls, total glucosinolates and nitrates con-
tent. The cultivars types of all crops display a wide diversity
of characters and among them the sources of nutritive and
bioactive substances were revealed.

Nowadays objective laws of biochemical compounds ac-
cumulation by vegetable brassicas and their cultivar types have
been found in VIR by metabolome analysis and chemosys-
tematics studies using gas and liquid chromatography (GLC).
Biochemical analysis of 180 accessions of cole crops, 320 ac-
cessions of B. rapa crops, including core collection, mostly
leafy and rooted crops, 70 accessions of radish, 90 accessions
of small radish and 10 accessions of vegetable Indian mustard
have been studied, some of accessions both in the field and
in greenhouse conditions. The large potential of variability of
nutritive and bioactive substances between and within Brassi-
caceae species, subspecies, varieties, cultivar types was found.

Comparative biochemical analysis with chemotaxonomic
issue for B. oleracea (white cabbage, tronchuda, cauliflower)
and B. rapa leafy crops (Chinese cabbage, pak-choi, tatsoi,
tsoisum, wutacai, mizuna, leafy turnip, broccoletto, oilseeds)
has been done. For instance, in B. rapa crops 16 sugars (84 %
monosugars) have been found, natural variation: 0.02-5.56 %
(average 0.83 % per fresh matter), in B. oleracea crops —
15 sugars. The common sugars for two relative species were
glucose, sorbose, mannose, galactose, fructose, sucrose;
highest amount of glucose and sucrose have been observed.
In some Chinese cabbage accessions tetra saccharide sta-
chyose was found. Total 16 and 17 alcohols have been found
in B. rapa and B. oleracea correspondingly, among them
8 biologically active. The common alcohol for two species
was inositol; glycerol and sitosterol have been determined
with high frequency. Variability of free amino acids content
was significant for studied accessions: 8.5-716 mg/100 g
(average 143 mg/100 g). Among 29 founded amino acids
the common were glutamine, glutamine acid, asparagine,
asparagine acid, serine, oxyproline — their content is highest,
alanine and indispensable amino acids valine and threonine
have been found common too. Other indispensable amino
acids have been determined to be present with different fre-
quency among crops, but mostly in headed Chinese cabbage
and white cabbage.

In a study 35 and 32 organic acids have been found in two
Brassica species, from that 23 and 18 acids were found in
more than 15 % accessions; 9 organic acids were common,
among them highest content of maleic, ascorbic, phosphoric
acids have been noted. B. rapa accessions had a lot of fumaric
acid. Some organic acids are biologically active, for instance
pipecolic, abietic, ursolic acids. Pak-choi and leafy turnip
were the richest by organic acids, although Chinese cabbage
had the most content of phosphoric acid, broccoletto — caffeic
acid. Among organic acids 13 phenol compounds have been
determined; variability of them is from trace to 262 mg/100 g
(average 44 mg/100 g). The common phenol compounds for
Brassica is quinic acid, for B. rapa — sinapic and ferulic acids
too. Abietic and caffeic acids and tocopherol were found in
all B. rapa crops except Chinese cabbage, chlorogenic acid
presented in pak-choi and tatsoi, hydroxycinnamic acid — in
pak-choi only. Significant positive correlations between con-
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tent of amino acids alanine and tyrosine and phenol compounds
nicotinic, sinapic, benzoic acids and tocopherol have been
found. Among founded free fatty acids — 17 in B. rapa and
12 in B. oleracea — common for Brassica was palmitic acid,
with high frequency linoleic and linolenic acids have been de-
termined, common for B. rapa crops — stearic and oleic acids.

Generally B. rapa crops composed significantly less nutri-
tive compounds sugars than B. oleracea crops, but more or sig-
nificantly more of all studied biologically active compounds.
Valuable for human nutrition Brassicaceae accessions with
high level of dry matter, sugars, ascorbic acid, biologically ac-
tive alcohols, indispensable amino acids, phenol compounds,
fatty acids have been found. Among B. rapa crops the most
useful for human nutrition are tatsoi, pak-choi (cultivar types
Leichoi and Yu Tsai), leafy turnip (hiroshimana type), late
types of broccoletto; among cole crops — Russian and Dutch
types of white cabbage, early types of cauliflower, tronchuda;
among small radish — extra early red round and Chinese late
types, among turnip — old Russian types Petrovskaya and
Grobovskaya and French dry type, among Swede — Scandi-
navian types.

More than 700 accessions of rapeseed and turnip rape had
been studied on oil content and fatty acids composition. Agri-
cultural production is one of the main diesel fuel consumers.
Emissions of internal combustion engines are one of the main
causes of environmental pollution, so recently the require-
ments for the diesel fuel quality have become more stringent.
In addition, the design of diesel engines is improving continu-
ously which also requires the use of better quality diesel fuel.
Biodiesel is synthesized from renewable raw materials; the
sulfur content is lower than in diesel fuel and also diesel fuel
has a higher cetane number and flash point. The range of raw
materials for biodiesel production is constantly expanding.
However, non-erucic rapeseed oil is a food product and its use
for technical purposes is impractical. There are high-erucic
technical varieties of rapeseed, but their crops are limited as
spatial isolation from food rapeseed is required to avoid plant
pollination. The cultivation of this crop requires certain costs
due to the repeated use of insecticides against numerous insect
pests during the growing season. In connection with the above,
a comprehensive study of non-traditional Brassicaceae family
oil crops less affected by pests was undertaken (Nagornov et
al.,2017; Sainger et al., 2017). These crops include Camelina
sativa (L.) Crantz, Crambe abyssinica Hochst. and Eruca sa-
tiva Mill. Studies conducted in VIR jointly with All-Russian
Scientific Research Institute for the Use of Machinery and Oil
Products in Agriculture have shown that the use of camelina,
crambe and eruca raw material for biodiesel production is
cheaper and environmentally friendlier compared to rapeseed.
Biodiesel produced from these crops oils was obtained; their
physical and chemical characteristics were established. It is
established that biodiesel fuel created on the basis of these
crops matches the requirements for this type of product (Ro-
mantsova et al., 2012).

Oilseed crops of family Brassicaceae as biodiesel resources
were considered in a special study. 1038 accessions of rape-
seed (Brassica napus ssp. oleifera Metzg.), 60 accessions
of C. sativa L., 45 accessions of C. abyssinica Hochst. and
60 accessions of E. sativa Mill. from VIR collection were
analyzed. Natural contents of erucic acid varied in rapeseed
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from 10 up to 61 %, but in food varieties there is less than
1 % of erucic acid. In camelina content of erucic acid varied
from 2.6 up to 7.5 % (Ghamkhar et al., 2010). In crambe it
varied from 54 up to 66 %, in eruca — from 42 up to 55 %.
It is determined, that with the increase of erucic acid level
the content of the saturated fatty acids (palmitic and stearic)
decreases that is important for the increasing of biodiesel
resistance to congelation. As a result the initial material for
spring and winter rapeseed breeding with more than 40 % of
erucic acid was described.

Immunological studies

Brassicaceae plants have been infected by bacterial, viral,
many fungal diseases, more harmful in the central and
Southern part of Russia on industrial growing. Resistance
to diseases has been studied in VIR generally in the field
natural conditions in St. Petersburg area, North-west Russia,
to clubroot and black rot in artificial conditions. More than
1700 vegetable brassicas accessions have been tested, partly
jointly with All-Russian Research Institute of Plant Protec-
tion, on level of distribution and degree of resistance to leaf
spot (Alternaria brassicae (Berk.) Sacc. and 4. brassicicola
(Schwein.) Wiltshire), clubroot (Plasmodiophora brassicae
Woron.), black rot and leaf spot (Xanthomonas sp.), downy
mildew (Peronospora parasitica (brassicae) (Pers.) Fr.), pow-
dery mildew (Erysiphe communis f. brassicae Hammarl.), wilt
(Fusarium oxysporum Schlecht. emend. Snyder & Hansen)
(Gasich et al., 2013).

The most distributed pathogens in North-west area belong
to Alternaria species; 80—-100 % of white cabbage, cauliflower
and Chinese cabbage accessions and 40—100 % of red cabbage
accessions depending of year were susceptible to this patho-
gen, with low and middle degree of susceptibility 0.25-2.5.
Several accessions of cauliflower from Russia, Australia, Ja-
pan are high tolerant to A/ternaria leaf spot. The highest level
of resistance showed the accessions with red colour of leaves
and head: red cabbage, pak-choi, tatsoi, mizuna: 0.0-0.35.

Under artificial conditions in our studies tatsoi Bitaminna
(k-213, Japan) was resistant to clubroot. High level of resis-
tance to this pathogen has been shown by leafy turnip Kurona
(k-264, Japan), local Chinese cabbage Shantai (k-68, China),
turnip Mommersteegis Clubroot Resistant (k-1119, Sweden),
Red Top Globe (k-1226, Denmark), Tartonda (Tetraploid)
(k-1294, Germany). We can confirm that the sources of resis-
tance have been originated from areas with strong develop-
ment of clubroot.

Different species of genera Xanthomonas with several
pathotypes cause diseases with different symptoms — black
rot and leaf spot. Plant breeding on resistance is difficult
because of less number of resistant sources and many races
of the pathogen. Races 2 and 4 of Xanthomonas campestris
Pam. (Dow.) are the most widely distributed, including Russia,
Europe and Japan. High level of tolerance to these races was
found in different varieties of B. oleracea L.

Susceptibility to downy mildew is common in Brassica
crops: 10-50 % accessions of cole crops and Chinese cabbage
were susceptible with degree 0.5-1.8, these meanings were
less in red cabbage and pakchoi accessions. Several resistant to
downy mildew accessions of caulifiower from Italy and Japan
were revealed. Opposite powdery mildew is rare pathogen
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in North-west part of Russia: distribution was 0-20 % with
degree 0.2—1.0 on white cabbage, cauliflower and Chinese
cabbage accessions, strong susceptibility has been noted on
some kale accessions from Scandinavian countries and France.
Wilt is also rare pathogen in this area, its development has
been determined on several white cabbage accessions.
Resistance to the most harmful insect for brassicas cab-
bage root fly (Delia radicum) in Scandinavian resources of
kale, turnip, Swede has been found, resistance to crucifer flea
beetle (Phyllotreta cruciferae) — in Swede genotypes, mostly
from Russia and central Europe, resistance to cabbage scoop
(Mamestra brassicae) and cabbage butterfly (Pieris bras-
sicae) — in kale and several local white cabbage accessions
from Southern Russia and Balkan countries, that correlates
with high level of glucosinolates content. Resistant sources
in VIR collections are useful for the new breeding programs.

Genetic studies

The B. rapa whole genome sequence was a start of new era
in Brassicaceae researches (Wang et al., 2011), then B. olera-
cea genome sequence (Liu et al., 2014; Parkin et al., 2014)
and B. napus genome sequence (Chalhoub et al., 2014) were
published. The reference genomes provided possibilities to
explore the genetic variation by GWAS, for that large number
of SNPs has to be generated.

DNA analysis has been used in VIR to search the duplicates
in the collections, compare of original seeds and reproductions,
evaluate biodiversity, variability within landraces, phyloge-
netic studies, screening collection and breeding material for
marker assisted selection (MAS). QTL (Quantitative Trait
Locus) analysis and association mapping have been developed.

Large variability within cole landraces has been determined
in our investigations using SSR markers, when landraces com-
passed from 5-8 biotypes, and sometimes distance between
biotypes into population is higher than between cultivars.

Morphological study of authenticity of VIR white cab-
bage collection after more than 10 rounds of reproduction
and complicated regeneration procedure showed stability of
morphological characters in core collection. Head weight is
insignificantly increased during 50-70 years that can be ex-
plained by improved selection during reproduction process.
Period of vegetation is decreased significantly in two locations;
possibly it is connected with climate change. A set of 12 SSRs
has been used for comparison of original seeds and the seeds
after reproduction. 88 % coincidence between old/original and
fresh seeds has been observed that permit to conclude good
authenticity of VIR collection.

For QTL analysis a large number of studies — 40-50 ar-
ticles per year last years — using different types of biparental
mapping Brassicaceae populations have being developed to
determine genetic control of flowering time, morphological
traits from seed to seed, productivity, resistance to clubroot,
mosaic virus, downy mildew, biologically active substances,
mostly secondary metabolites. The bolting and flowering time
is the most important characters in brassicas, but the genetic
control of this process is complicated. Co-localized QTLs for
different traits, generally for flowering time and plant size
were found (Xiao et al., 2014).

For B. oleracea a major genomic region Ef2.1, harboring
a robust flowering time QTL containing 29 genes, on chro-

792

The Russian Brassicaceae collection -
from N.I. Vavilov and E.N. Sinskaya till nowadays

mosome 2 was identified using combined a next-generation
sequencing-based whole-genome QTL-seq strategy and clas-
sical QTL analysis in mapping populations broccoli x cabbage.
Major gene BolGRF6 is a possible candidate gene for early
flowering in broccoli line. The identified candidate genomic
regions and genes may be useful for molecular breeding (Shu
etal., 2018).

In VIR QTL analysis has been developed to identify chro-
mosome loci related to a wide range of phenotypic, morpho-
logical, biochemical, immunological traits in B. rapa using
two DH mapping populations resulted from crosses between
leafy, rooted and oilseed lines created in Wageningen Uni-
versity, Netherlands, and B. oleracea using DH mapping
population resulted from crosses between broccoli and kailan.

The B. rapa populations were evaluated for 47 morpho-
logical and phenological traits (bolting and flowering time,
growth-related traits, leaf, seed, flower and fruit traits), for
biochemical traits (content of protein, ascorbic acid, caro-
tene, chlorophylls) and for resistance to four Xanthomonas
campestris pv. campestris Pam. (Dow.) races. 140 QTLs con-
trolling morphological and biochemical traits in DH30 u
DH38 B. rapa L. and 10 and 11 co-adaptive blocks of genes
correspondingly have been found (Artemyeva et al., 2016).
The most important QTLs in both populations were in the
bottom of A03, where BrFLCS5 that determines flowering
time, productivity and biochemical traits is located. The inhe-
ritance of broad-spectrum quantitative resistance of B. rapa to
X campestris pv. campestris has been elucidated and 10 QTLs
in DH30 and 19 QTLs in DH38 that control resistance to four
races of the pathogen (1, 3, 4, 5) were found (Artemyeva et
al., 2018).

In AGDH B. oleracea mapping population QTLs deter-
mined plant size traits have been found in the lower part of
CO01, C07, on the top of C04, C05, C09; QTLs for ascorbic
acid content was found in the lower part of CO1, C03, CO8,
protein content in the middle of C07, dry matter and carote-
noids content in the lower part of C09.

Association mapping studies using collections of natural
heterogeneous and heterozygous accessions and breeding
material are widely developed in Brassicaceae. Pino Del
Carpio et al. (2011) studied the secondary metabolite lutein,
chlorophylls, carotene variation in B. rapa collection from
168 accessions. Wang, Kole (2015) proposed a strategy of
combination both QTL and association mapping studies to
identify candidate genes explaining trait variation.

Marker-phenotype significant associations in VIR B. rapa
core collection of 96 accessions have been found for the same
traits as in QTL analysis using 258 SSR and S-SAP molecular
markers. Chromosome loci determined bolting time were
found on the top of A02, in the bottom of A03, in the middle
of AO5 and A06, determined plant weight — in the bottom
of A03, A09, in the middle of A0S. 11 blocks of co-adapted
genes for morphological traits were found; the most impor-
tant blocks were located on the top of AO1, A10, on the top
and the bottom of A02, in the bottom of A03, in the middle
of A05 and A06. The coincidence of positions of chromo-
some loci determined the same traits by QTL and association
mapping on A02, A03, A05 and A06 have been found that
judges a rightness of the results. Coincidence of positions of
chromosome blocks controlling the biochemical traits on the
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bottom of A03 and in the middle of A0S has been noted too.
The most important loci for B. rapa on the top of A02, on the
bottom of A03, in the higher part of A10 correspond to genes
positions controlling flower time BrFLC2, BrFLC5, BrFLCI,
that confirms importance of bolting time that determines many
morphological and biochemical traits in Brassica plants.

Conclusion
Screening of brassicas accessions by SSR markers, associated
with valuable traits, choosing in QTL analysis and association
mapping, confirmed their perspectives for MAS. New VIR
cultivars of pak-choi Meggy and VitaVIR, turnip Palitra,
included in Russian State Register of Selection Achievements
Admitted for Usage available to growing in a territory of
Russia, and a lot of breeding material of all brassicas had been
created in VIR using MAS.

VIR Brassicaceae collection is an extremely valuable tool
for comprehensive fundamental and applied studies.
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