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BBE/JIEHUE

M3yueHre KOHKPETHBIX BHIOB B CHCTEME POJa C MCIIOJIb30BAHUEM BCEX COBPEMEHHBIX
METOJIOB HCCIIEAOBAHUS, MMO3BOJISIET TOYHO YCTAHOBHUTH I'paJlallié COMOJAYMHEHHUS M YTOUYHHUTH
TPaHULIbI MEXY OTAEIBHBIMU TpyIaMu BUI0B. [i1anHomMepHOE N3ydeHue oTeIbHbIX BUIOB PO-
Jla B IIEJIOM J1aeT MH(POPMAIHIO O JIOKAIM3alKU IEeHTPOB ux hopmoodpazosanus. Pox Avena L.
NpEeCTaBICH KYJIbTYPHBIMH BHUJAMH, UMEIOLUIMMH OOJBIIOE MPAKTHUYECKOE 3HAUYECHHUE, U TUKO-
pacTyluMH BUAAMH, HTHTEPECHBIMU KaK OOBEKThl TAKCOHOMHYECKUX HCCIEAOBAHUNA U UCTOYHU-
KM CEJIEKIIMOHHO LIEHHBIX MPU3HAKOB JJIs UCHOJIb30BaHus B cenekiuu. Cucrema pona Avena L.
HACUUTHIBACT 26 BUOB, KOTOPBIE UMEIOT TPU YPOBHS IUIOWAHOCTH M MPEACTABICHBI I1-, TETpa-
U TeKCAIUIOUIHBIMU TPYIIaMi BUI0B, OOJIBIIMHCTBO U3 KOTOPBIX SBJISIFOTCSA TUKOpAcTyIuMu. B
KaXKIOW IpyMIe UMEIOTCS KyJIbTYPHBIE BUBI OBCA, JOBOJIBHO XOPOIIO U3YUYEHHBIE B CENIEKIIMOH-
HoM 1utane: A. strigosa Schreb. (2n=14), A. abyssinica Hochst. (2n=28) u A. byzantina C.K. u A.
sativa L. (2n=42).

Buner poma Avena L. ornuvaroTcst OOJBIIMM  MOPQOJIOTHYSCKUM W IKOJIOTO-
reorpauueckuM pasHooOpaszueM. B MupoBoi uTeparype HAKOMIEHO 3HAYUTEIBHOE KOJIH4e-
CTBO JJAHHBIX O MHOTOYMCJICHHBIX (hOpMax U BUAAX BCETO POJIa, LIEHTPAX UX HAUOOIBIIETO pas-
HOOOpa3us U npoucxoxaeHus. O JHaKo ONUCaHUs BUI0B U Pe3ylbTaThl X U3YYEHHUS Yallle BCEro
(dbparMeHTapHbl WK KacaloTcs CIydailHOro Habopa o0pa3lloB, KOMIUIEKCHBIM MOAXO0M] K U3y4e-
HUIO0 00TaHUYECKOTO Pa3HOOOPa3Ms U CENEKIIMOHHBIX MPU3HAKOB OTCYTCTBYET. Jlo CUX MOp MHO-
r'He MpoOJIeMbl OCTAOTCS 10 KOHIIA HEPEIIEHHBIMU: HET €IMHOTO MHEHUS O IPOMCXOXKAECHUH BU-
JIOB OBCa, UX CUCTEMaTU4YE€CKOM IOJI0OKEHHUH, CYIIIECTBYET HEKOTOpas MyTaHUIA MO TOJI03EPHBIM
(dbopMaM JIUIIIONTHOTO U FEKCATUIOUAHOTO KYJIBTYPHOIO OBCA.

Osgec moceBHoii (Avena sativa L.) — ogHa u3 Hanbosnee BaKHBIX 36PHOBBIX CEIbCKOXO03sTii-
CTBEHHBIX KYJIBTYp Ha 36MHOM IlIape, 3aHMMaromas okosio 20 MIIH. ra NaXoTHBIX 3eMelb. Cenek-
LIMOHHAs NMPOpPabOTKa COBPEMEHHBIX COPTOB OBCa JIOBOJBLHO BBICOKA. BoBieueHue pazHoolOpas-
HOTr0, reorpaguuecku OTAAJIEHHOT0, MECTHOTO U JUKOPACTYIIEro Marepuaia B CEIEKLINOHHBIN
npoliecc, Npy UCHOIb30BAHUYU HApAIY € TPAJUIIMOHHBIMU METOAAMU CEJIEKLIUU JJOCTHKEHUH co-
BPEMEHHON MOJIEKYJISIpPHOW T'€HETHKH, OTBeYaeT TPEOOBAHUIM YIYUIIEHUS TaHHON KYyJIbTYpPbI U
COKpAILEHUs] TeHeTHYecKOoN 3po3uu. OOMMpPHBIN apeal IUKOPAacTyIIUX H, OCOOEHHO, COpPHO-
MOJIEBBIX BHUJ/IOB OXBATHIBAET BECh 3€PHOBOM MOSC 3€MHOIO IIapa, pacIpOCTPaHUBIIUCH OT MY-
CTBIHb /10 TIOJISIPHBIX PAaHOHOB 3€MIICAEIIHS, YTO COCOOCTBYET (POPMHUPOBAHUIO ITMPOKOTO BHYT-
PHUBHJIOBOTO pa3HOOOpa3Hs MPU3HAKOB, MOJUIUIONIHOTO psifia 3TUX BUI0B. CpaBHUTEIBHOE U3Y-
YeHHE JUKOPACTYIIMX BUIOB OBCA B TAKCOHOMHUYECKOM W CEJIEKIIMOHHOM OTHOIIICHHH BBI3BAHO

MHUPOKHUM UHTEPECOM CCIICKIMMOHCPOB K UX IMPAKTUICCKOMY HCIIOJIB30BAHUIO, YEMY HEMAJIO CIIO-



COOCTBOBAJIO Pa3BUTHE LIUTOJOTMUYECKUX, UIMMYHOJIOTHYECKUX, OMOXMMUYECKUX M APYIMX HC-
cienoBanuil. lllupokuit quamnasoH ajanTanuy TUKOPACTYIIUX BUJOB K HEOJIArompHusITHBIM (hak-
TOpaM BHEUIHEW Cpeibl, UX MPHUCIOCOOIEHHOCTH K pa3HO0Opa3HbIM MOYBEHHO-KIMMATHYECKIM
YCIIOBUSM, YCTOMYMBOCTH K IIATOT€HHBIM OPTraHW3MaM, HEKOTODPBIX IPU3HAKOB, CBSA3AHHBIX C
3JIEMEHTaMU MOBBIIIEHHOW NMPOIYKTUBHOCTH U Ka4eCTBA - IIPEICTABIISICT YHUKAIbHBIA HCTOYHUK
HCXOJIHOTO MaTepHuaa JUisl CEJIEKLUN.

JlanHas myOIMKaIys IPEICTAaBISET HHTEPEC I OOTAaHUKOB, CENIEKIIMOHEPOB, HAYYHBIX

pa6OTHI/IKOB " CTYACHTOB OMOJIOTMYECKUX U CEILCKOX03IiCTBEHHBIX BY30B.

ABTOp BBIpa)KaeT 0JIaroAapHOCTh 3a MPOCMOTP PYKOIHCH M BHICKA3bIBAHNE KPUTHIECKUX
3aMeYaHui TOKTOPY OMOIOTHYecKuX Hayk, mpodeccopy A.B. Konapey, kannuaaram Ononoru-

yeckux Hayk T.H. Cmekanosoii u U.I'. HyxuHoi.



3AKIIIOYEHUE
Ogec - omHa U3 HamboJee PacPOCTPAHCHHBIX M Ba)KHBIX 3E€PHOBBIX KYIBTYp, KOTOpas B
MHUPOBOM IIPOU3BO/ICTBE 3€PHOBBIX 3aHUMAET 5-€ MecTo. IloceBrl aToM KynbTyphl B 2004 1. B MU-
pe coctaBwi cBbimie 11,7 MiTH. Ta ¢ BaJIOBBIM cOOpOM 26,9 MJIH. T., IPU CPEAHEH YPOIKaWHOCTH
2,3 1/ra. OnHAaKO pa3MellIeHHe ero B PasIMuHbIX MPUPOAHO-3KOHOMUYECKHX 30HAaX MHUpPA HEOJMHAa-
KOBO.

B Poccun oBec BBICEBAIOT OT CEBEPHBIX IPAHML BO3MOMKHOIO 3EMIIEAEIHS JI0 FOKHBIX perHOHOB. K
COXKaJIIEHHIO, B MOCJEIHUE TOAbl B CHIIYy CYObEKTHUBHBIX MPUYMH HAOIIOAAETCS yCTONYMBAsE TEH-
JIEHITINS 3HAYUTEIIBHOTO COKPAIEHHUS IUIOIIaieH 1Mo oBcoM (¢ 12 muH. ra 10 3 miH. ra). OgHaKko
JUTSL YCTOWYUBOTO 3emiienenus Poccun, 0COOCHHO B AKCTPEMAIBHBIX YCIOBHSX OOJBITMHCTBA
CEBEPHBIX PErMOHOB, HHTEPEC K BO3JCIBIBAHUIO OBCA MOXKET ObITh BocTpeOoBaH. K Tomy ke B
STOM HaNpaBICHUH CYLIECTBYET 3apyOEKHBIM U POCCUNUCKUNA OMBIT BO3AETBIBAHUS 3TON KYIbTY-
PBL

CxrapIBaroniasicsi HeOJIaronpusATHAS CUTYAIMs C COKpAIIEHUEM IUIOIIAIeH MO TOCEBAMHU
OBCa, MOXKET MPUBECTH K TOMY, UYTO U3 BEAYIIEro MPOU3BOJAUTENS OBca B Mupe Poccust moxer
CTaTh BEIYIIUM MHPOBBIM UMIIOPTEPOM OBCa, YTO MOBIIEYET 3a CO0Oi Ooiblnre (GUHAHCOBBIC
u3JIep>KKH. Bece 3To MOXKET elle YMEHBIIUTh MPOI0OBOJILCTBEHHYI0 Oe3onacHocTh Poccun. Kpome
3TOro, He OyIyT BOCTpeOOBAHBI COBPEMEHHBIC M BHOBH CO3JaBacMble COpPTa OBCA, KOTOPHIC
YCHENIHO CO3/1at0Tcs ceneknrnonepamu Poccun. B cBoto ouepesb, 3TO MOXKET MPUBECTU K CBOpa-
YUBAHUIO UCCIIEIOBATENLCKONH pabOThI C OBCOM, IMOMCKOB HOBBIX HAIIPABICHUHN CENEKIUH IO Ka-
YECTBEHHBIM IPHU3HAKaM 3epHa M, B KOHEYHOM CUeTe, MPEKPAIEHUIO CEIeKIIMOHHON padoThl B
psane pernoHoB Poccun, 4TO MpUBEAET K UCIIOIB30BAHUIO COPTOB 3apYOSKHOM CEIEKIIUU, KOTO-
phle Hale BCEro He MPUCIOCOOTIEHBI K IKCTPEMATBHBIM POCCHUICKUM YCJIOBHSM BBIPAIIMBAHHUS.
Takast cuTyanus MOXKeT emie Ooyblile MOBIUATh HAa COKpPAIllEHNE MOCEBHBIX IJIOMIAeH U yXyI-
IIEHUE KauyeCTBO 3€PHOBOM MPOAYKIIUH.

C npyroii croponsl Poccust umeer Bce HeoOXoquMble OOBEKTUBHBIE YCIOBUS I MOJTY-
YEHUsI MaKCUMAaJIbHOTO M BBICOKOKAYECTBEHHOTO Yyposkas 3epHa oBca. OHa oOjajgaeT Jaxe B
HACTOSAIIEE BpEeMsSI OTHOCUTEIHHO APYTUX CTPaH OOJNBIIMMHU TUIOMIAASIMU MOJ OBCOM, KOTOPHIE
MOTYT OBITH peajbHO yBeNIMueHbl. HeoOXOAMMO CYIIECTBEHHO yBEIWYHUTHh MPOILIEHT 3€pHa HC-
MOJI3YeMOT0 ISl TIepepabOTKK Ha MPOAYKTHI MUTAHKS, YTO MOXKET CHIeTaTh 3Ty YacTh PACTEHH-
€BOJICTBa 00Jiee SKOHOMHYECKHU BBITOJTHON W MPUBECTU K 00JIee 3J0POBOMY U3MEHEHHIO PEKUMa
nuTaHus poccusH. s Bcero atoro Poccust pacmonaraeT OONBIINM COPTUMEHTOM PalOHUPO-
BaHHBIX COPTOB OBCA PA3HOOOPA3HBIX MO XO3SHUCTBEHHO BaYKHBIM MPU3HAKAM XOPOIIIO aIallTUPO-
BaHHBIX KO BCEM PETHOHAM CTpaHbI. Psii copToB 00agaeT MOBBIICHHBIMUA TTOKA3aTEIIMH Kade-

CTBa 3€pHA, U MOT'YT YK€ B HACTOsIIEE BPEMS MCIIOIb30BaThCA Ul MUAIIEBBIX Lened. Y Poccun



ecTh Oorareiiias MUpOBasi KOJUIEKLUs 00pa3lloB OBCa, KOTOpas SIBJISAETCS MCXOJHBIM MaTepHa-
JIOM JUIsl CO3/1aHUsI HOBBIX BBICOKOIIPOJYKTUBHBIX M BBICOKAYECTBEHHBIX COPTOB OBCA C UCIOJIb-
30BaHUEM TPAJMIMOHHBIX METOJIOB CEJIEKIMU U 10 IEPEHOCa OTACIBHBIX aJUIeIeH I'€HOB B Ce-
JEKUUOHHBIN Marepuall. Ilyrem ymydiieHus npouecca CEMEHOBOJACTBA M KayecTBa MPOU3BOJ-
CTBEHHBIX II0CEBOB 0Bca Poccust Moria Obl cTaTh S3KCIIOPTEPOM OBCA, TaK KaK HU B OJHOM CTpaHe
MHUpa HeT OoJiee OJIaroNpUATHBIX MMOYBEHHO-KIMMATHUYECKUX YCIIOBHM JUISl BHIPALIMBAHUS STOU
XO035ICTBEHHO BaXHOM KynbTyphl. 1 B cBs3H ¢ 3TUM, Poccust Moria Obl 3aHATH TOCTOMHOE MECTO
Jauaepa He TOJIBKO IO MPOM3BOACTBY OBCAa, HO M KaK BEAYILErO MHUPOBOIO 3KCIIOPTEpa ITOU
KYJIBTYPBI.

B T0 xe Bpems1, K coxaneHuto, B Poccuu CToib BakHAasi 36pHOBAs KyJIbTypa IPU HAIMYUU
O0JIBIIOr0 pa3sHOOOPA3HOrO Marepuajga OT CTapOMECTHBIX COPTOB-NOMYJSALMH 10 pallOHHPO-
BaHHBIX COPTOB OBCa HE JIOCTATOYHO M3ydaeTcs IO LEJIOMY pAny acnekToB. C reHeTH4ecKon
TOYKHM 3PEHHs, Y OBCa, [0 CPABHEHUIO C JPYI'MMH 3€PHOBBIMM KYJIbTypaMH, HE IOCTAaTOYHO
UJICHTU(PHUIMPOBAHO TE€HOB, KOHTPOJIHMPYIOUINX BAXHEUIIHNE CEICKIMOHHbIE U MOpdoiornye-
ckue npusHaku. VM3ydeHne OMOXMMUYECKUX IOKa3aTeae OTpa’kaeT TOJIbKO KOPMOBBIE JOCTO-
MHCTBa OBca. MaJjlo u3yueHo pa3HooOpa3ue oBca AJIS UCHOJIb30BaHMS HA MMILIEBBIC U JIeKap-
CTBEHHBIE 1I€JIM, XOTS U3BECTHO C IPEBHUX BPEMEH, UTO 3TO JUETHUYECKAs U, B HEKOTOPBIX CIY-
qasix, JeueOHass KyJabTypa, KOTOpasi IMUPOKO MCIOIB3YeTCsl B HApOIHOW MenuiuHe. Vcmons3o-
BaHUE IUKOPACTYIIMX BHJOB OBCa B CEJICKIMM 3aTPYJHEHO B CBA3U C TPYIHOCTBIO IEPEHOCA
IeHEeTUYECKOM MH(OPMaIuK B KyJIbTypHbIE BUJBI. B TO jxe Bpemsl, 3apyOeKHbIe CEIeKIIMOHEPHI
JIOBOJIBHO IMPOKO HMCIIONB3YIOT JaHHBIA M€HETUUECKUH MaTepHuai A pa3sHOOOpas3HbIX Lienen
cenexkunu. B Poccun B cenexkuuu oBca, B CHMIIy pa3HBIX IIPUYHMH, OTPOMHBIN NOTEHIMAN JTUKO-
pacTyIIMX BUJIOB TPAKTHYECKH HE UCIIOJIb3YyETCS.

Takum 00pa3oM, NMPOBENEHHBIN aHAIN3 MUPOBOM JIUTEPATYpbl U JAHHBIX HAIIEr0 KOM-
IUIEKCHOTO MHOTOJIETHETO MCCIIEJOBAHUS MO3BOJIMI YTOUHUTH (PUIIOT€HETUYECKHE CBSI3H, TaK-
COHOMMYECKHE XapaKTEPUCTUKHU U IIyTH SBOJIOLMHM BUIOB OBca. Ha OCHOBE BCECTOPOHHETO
aHalu3a JKOJIOro-reorpa)u4eckux OCOOEHHOCTEH B PACHPOCTPAaHEHHUHU apealioB BUIOB OBCa
IPOBEIEHO Teorpapuueckoe U3ydeHHe pachpenesneHus: MOpP(OJOTHYECKUX U CENEKIMOHHO
LIEHHBIX IIPU3HAKOB, PACILIUPSIOLIECE IIPEACTABICHUE O NOTCHIUAIBHBIX BO3MOKHOCTAX OTACIIb-
HBIX BUJIOB M BCETrO poJia B LIEJIOM, YTO MO3BOJISIET BECTHU Li€JI€HANPABICHHbBIN MO100p UCXOAHO-
ro MaTepuaia Juisl ceJIeKInA. MHOTOYUCIIEHHBIE HCCIEA0BaHUS B 3TOM HAIIPaBJICHUU U ITPAKTH-
YEeCKHE Pe3yNIbTaThl CEJIEKIIUN OBCa, 0COOEHHO 32 PyOex oM, TOBOPST O TOM, YTO UCIIOJIb30BaHHE
JUKOPACTYIIUX BHJOB, HapsAy C COPTOBBIM DPa3HOOOpa3ueM KYyJIbTYPHBIX BHJIOB, SIBISETCS
HauboJsee NepCreKTUBHBIM HANPaBICHUEM CEJIEKIUH OBCa ISl PaCIIMPEHHs €0 TeHEeTHYEeCKON

OCHOBBI M YMEHBIIEHUSI TEHHOW 3PO3UHU 3TOU KYJIbTYPBI.



Summary

This book presents a review of publications and analyses the results of evaluation per-
formed on a representative set of oat accessions of all Avena L. species. The global VIR oat col-
lection is represented by comprehensive specific and intra-specific diversity of both cultivated
(10,000 accessions) and wild (2,000 accessions) species of Avena. Full botanic and ecological
diversity of cultivated species is incorporated in the landraces varieties-populations collected in
1910s — 1920s. A majority of these forms came from the centres of origin and diversity of this
crop, providing a universal overview on the total geographic diversity of oat. With this in view,
oat species became the subject of complex investigation in order to specify the system of the Av-
ena genus, direction of its evolution and phylogenetic links between the species. At the same
time, further search for taxonomy and utilization of new oat breeding sources for breeding pur-
poses is one of the objectives pursued by Vavilov Institute of Plant Industry (VIR) in studying its
global germplasm collections.

It is the availability of total botanical and eco-geographic diversity and its complex study
that may provide an opportunity to identify centres of origin and variability of this or that genus
Or species.

Complex analysis of broad literary review and utilization of the karyotype structure data
confirmed by the results of RAPD and avenin spectrum analysis confirmed identification of two
basic genomes which had most likely participated in the formation of species in Avena, namely
the A and C genomes. As for the B and D genomes, they seem to be derivatives of the A ge-
nome. In addition to the data obtained during the study of the species containing these genomes,
clear-cut differences have been discovered in the areas of their distribution.

Numerous researches have proven that the C genome goes through all ploidy levels un-
changed, with small variation, thus being considered one of the basic genomes in oat. Our inves-
tigations of the karyotype A. macrostachya Balan. have shown that this species is an autotetra-
ploid with the AA genome [Loskutov & Abramova, 1999]. On the other hand, the analysis of
chromosome structure indicates that A. macrostachya is related to the C-genome species [Rodi-
onov et al., 2005]. At the same time, this species is characterized by a symmetrical karyotype
and a set of morphological characters attesting to its true primitivity. All this is confirmed by the
most primitive perennial type of development and by cross-pollination, which is typical for a
group of species of oat-like grasses within the subgenus Avenastrum C. Koch [Loskutov, 2003].
Meanwhile, according to A. V. Rodionov et al. [2005], the division of the phylogenetic oat lines
carrying A and C genomes was accompanied by accumulation of differences in dispersed repeti-
tions and accumulation of transitions and transversions specific for each branch. Later the C-
genome line segregated phylogenetic branches of A. macrostachya from the progenitor of the
other species with the C genome, and after that the progenitors of A. macrostachya doubled their
chromosome number and generated large blocks of C-heterochromatin which caused an unusual
C-banding pattern of chromosomes in C genomes of diploid and polyploid species.

Afterwards the A genome developed independently from the C genome, which brought about
lots of A-genome variants (Al, Ap, Ad, Ac, As), and finally produced a cultivated diploid spe-
cies (A. strigosa Schreb.) with the As genome. RAPD analysis and studying avenin protein
markers made it possible to conclude that in spite of all differences between species with the A
genome they have indirect evolutionary affinity [Loskutov et al., 1999; Loskutov & Perchuk,
2000]. Genesis of tetraploid species became possible either after the doubling of the chromo-
some number in one of the diploid species (AA) or with spontaneous hybridization of two close-
ly related (AB = AA”’) diploid species. This resulted in raising ploidy to a higher level and bring-
ing into existence a group of tetraploid species with either AB or AA” genomes, which provided
an opportunity for the development of a cultivated tetraploid species (A. abyssinica) containing
the AB genome. Later, diploid species with A and C genomes united into one genotype (A. ca-
nariensis, Ac and A. ventricosa, Cv), where the A genome in one of intermediate forms trans-
formed by structural divergence into a D genome or, as it is now assumed, into an A” genome.




The species with A and AB (AA’) genomes and a biaristulate lemma tip (sectio Aristulatae
(Malz.)) had in most cases a disarticulated floret. Some of them have cultivated analogues with
the same ploidy level (A. wiestii Steud., A. hirtula Lagas. — A. strigosa Schreb.; A. vaviloviana
(Malz.) Mordv.— A. abyssinica Hochst.) and wider areas of distribution (A. wiestii, A. hirtula and
A. barbata), being rather active weeds (A. clauda Dur., A. pilosa M.B., A. damascene Rajh. et
Baum, A. longiglumis Dur. and A. barbata). Obviously, this group seems apparently had no part
in the development of hexaploid oats [Loskutov, 2003].

This publication presents historical review of botanical systems of genus Avena. Modern
taxonomy is presented on the basis of complex evaluation of Avena species. It has been shown
that the species with the C and AC genomes, whose characteristic feature, i.e. the presence of a
bidentate lemma tip (section Avenae), is typical for hexaploid species, are transitional ancestral
forms (looks like A. ventricosa, A. canariensis or A. magna) in the evolution of hexaploid oats.
This group includes diploid species A. ventricosa Balan., A. bruhnsiana Grun., A. canariensis
Baum and A. agadiriana Baum et Fed. as well as tetraploid species A. magna Murph. et Terr., A.
murphyi Ladiz. and A. insularis Ladiz., that bear only disarticulated spikelets and do not have
direct cultivated analogues.

Significant differences between tetraploid species with AB and AC genomes have been
confirmed by the data of RAPD analysis and avenine protein markers [Loskutov et al., 1999;
Loskutov & Perchuk, 2000]. Further on, the species with three genomes A, C and D underwent
hybridization and produced an allohexaploid species, the progenitor of A. sterilis, which generat-
ed a large group of species, including hexaploid A. byzantina and A. sativa with the ACD
(ACA”) genome. Divergence of A and C, two major genomes of the genus Avena, may be traced
by the karyotype structure, avenine protein marker spectra and RAPD data [Loskutov &
Abramova, 1999; Loskutov et al., 1999; Loskutov & Perchuk, 2000]. Besides, distinctive differ-
ences were found in the areas of distribution of the species containing these genomes [Loskutov,
2003].

Acting as such transitional progenitors for cultivated hexaploid species of Avena, in our
opinion, may be wild diploid and tetraploid forms possessing a characteristic feature typical for
hexaploids, that is the presence of two denticles on the tip of the lemma (section Avenae Losk.).

Presumably in the western part of the Mediterranean region, where the richest specific
diversity of Avena is concentrated, spontaneous hybridization of diploid and tetraploid species
from the group of transitional forms with genomes A, C and D initiated development of all allo-
hexaploid species. The occurrence of the largest diversity of polyploids in the eastern part of An-
terior Asia, where soil and climate conditions are harder than in the western Mediterranean areas,
was confirmed by N. I. Vavilov’s [1926] statement about greater hardiness of this group of spe-
cies, as compared with diploid ones, because allopolyploid species promote development of ex-
tremely differentiated ecotypes, which played an important role in the evolution. Proceeding
from the centre of origin toward the South-Western Asiatic centre, smaller-seeded and more
adaptive hexaploid forms of wild species began to occur.

The whole diversity of cultivated oats was proven by N. I. Vavilov [1926] to have a
weedy field origin. As its species moved northwards, oat replaced basic crops by weeding them
and became an independent crop for itself. This process may be clearly traced in Spain on the
cultivated diploid species A. strigosa Schreb., in Ethiopia on A. abyssinica Hochst., in Turkey
and Iran on A. byzantina C. Koch and weedy forms of A. sativa subsp. sativa convar. asiatica
Vav. and A. sativa subsp. sativa convar. volgensis Vav. At present, all these cultivated forms
(non-shattering by themselves) became weeds [Loskutov, 2004].

Analysis of the global diversity of local varieties available in the VIR oat collection,
much of which was collected by N. I. Vavilov himself during his Mediterranean exploration
(1926-1927) [Loskutov, 1999], has shown that the greatest intraspecific variability of diploid
cultivated species A. strigosa Schreb. is concentrated in Great Britain, Germany, Spain and espe-
cially Portugal. This species, according to the classification of N. A. Rodionova et al. [1994], is
divided into three subspecies: A. strigosa subsp. strigosa Thell., A. strigosa subsp. brevis Husn.




and A. strigosa subsp. nudibrevis (Vav.) Kobyl. et Rod., with distinct geographic differentiation.
A majority of diverse forms representing A. strigosa subsp. strigosa Thell were widespread in
Spain, Portugal, Germany and Great Britain; besides, some of the forms had their origin in sev-
eral other European countries. Local forms of A. strigosa subsp. brevis Husn. most typically
originated from Portugal, Great Britain and, to a lesser extent, Spain. As for the naked forms of
A. strigosa subsp. nudibrevis (Vav.) Kobyl. et Rod., the only possible centre of their origin is
Great Britain; elsewhere these plants could only be exogenous.

Naked forms have most likely originated as a result of further metamorphosis of the car-
yopses disarticulation mechanism. If we get a closer view on the cycles of wild, cultivated and
naked oat plant forms, the nature of disarticulation of the florets (caryopsis) would vary from
complete disarticulation of the caryopsis at maturity (florets or spikelets) with a distinctly ex-
pressed callus (wild type) through solid attachment (cultivated covered type) up to unhindered
detachment of the caryopsis from the lemma (cultivated naked type).

Distribution of A. strigosa Schreb. northwards into Great Britain was accompanied by
changes in the environments, thus expanding the habitats of the forms of A. strigosa subsp. brev-
is Husn., and later producing recessive mutations of the type characteristic of naked forms of A.
strigosa subsp. nudibrevis (Vav.) Kobyl. et Rod., which had been described by Linneus as A. nu-
dalL.

A. abyssinica Hochst. has a lot in common with A. vaviloviana (Malz.) Mordv. and is
considered its cultivated analogue. Scanty intraspecific diversity of A. abyssinica Hochst., repre-
sented by six plant forms in the rank of botanical varieties, as described in Cultivated Flora
[Rodionova et al., 1994], is limited to the territory of the contemporary Ethiopia. As regards a
majority of its morphological characters, this species is very uniform. Its wild relative A. vavi-
loviana (Malz.) Mordv., widespread only within the same territory, is not rich in morphological
forms as well, as witnessed by our investigations and confirmed by avenin protein marker studies
[Loskutov, 2003]. Obviously, both A. vaviloviana (Malz.) Mordv. and A. abyssinica Hochst.,
having found in Ethiopia the most favourable climate and soil conditions for distribution into the
south of the Mediterranean centre, were unable to move further on because of more severe arid
climate in the countries adjacent to Ethiopia. It should be mentioned that diploid and hexaploid
cultivated species incorporate naked forms, while tetraploids do not contain them. The most
probable reason, in our opinion, is that the species of this group were unable to disperse far from
their centre of origin, had no recessive mutations and consequently produced no naked forms.

The progenitor of the whole group of hexaploid species was the large-seeded A. sterilis
L., with disarticulated separate spikelets. This species underwent mutations in the manner of car-
yopses dispersal, which led to the development, on the one hand, of the cultivated species A.
byzantina C. Koch, and on the other, of the wild species A. occidentalis Dur. shattering by sepa-
rate caryopses and occurring presently only on the Canary Isles (Spain). It is highly probable
that, owing to the changes in the disarticulation type, A. occidentalis Dur. had previously occu-
pied vast areas; besides, its dominating type of development is winter or semi-winter, and we
consider it primary, compared to the spring type. In the process of eastward distribution A. steri-
lis L. became differentiated into more adaptive small-seed forms of A. ludoviciana Dur., which
underwent mutations in the Anterior Asiatic centre that changed their caryopses disarticulation
type. It led, in its turn, to the appearance of weedy field forms of A. sativa L. As for A. occiden-
talis Dur., moving eastwards it acquired earlier ripening, typically spring forms which combined
into a separate species, A. fatua L. This species, with disarticulated single florets, became a
harmful weed and infested vast areas in the north and east of Europe and Asia. Weak sensitivity
to vernalization and strong reaction to the length of day was reported to indicate true spring na-
ture of A. fatua L., which enabled it to occupy by weeding the most extensive agricultural territo-
ries on the Earth. True spring nature of this species proves that it was secondary in origin as
compared with A. sterilis L. and A. ludoviciana Dur. [Loskutov, 2001a].

Analysis of numerous landraces collected by N. I. Vavilov (1926-27), P. M. Zhukovsky
(1925-27) and V. V. Markovich (1926-28) during their explorations and collecting missions




[Loskutov, 1999] has shown that the greatest intraspecific diversity of A. byzantina C. Koch may
be found in the Mediterranean region. The primary centre of morphogenesis for_A. byzantina C.
Koch is within the territories of Algeria and Morocco, where its richest endemic botanical diver-
sity is available. The presence of multiple intermediate plant forms in Turkey suggests that this
region was a secondary centre of diversity for this species. Another direction of distribution for
hexaploid forms was the northward course. New climate conditions provoked mutations of a sa-
tiva type, which, as it was initially with A. byzantina C. Koch, contaminated wheat and barley
fields. RAPD analysis [Loskutov & Perchuk, 2000] helped to ascertain that plants representing
cultivated species A. sativa L. and A. byzantina C. Koch formed comparatively small groups,
remote from each other, which may serve as a proof of their geographic isolation during domes-
tication: A. byzantina C. Koch entering cultivation from the western part of the Mediterranean
and A. sativa L. from the South-Western Asiatic centres of origin of cultivated plants.

Studying intraspecific diversity of covered accessions of A. sativa subsp. sativa L. (Rodi-
onova et al., 1994) has shown that weedy field forms of this subspecies (A. sativa subsp. sativa
convar. asiatica Vav. and A. sativa subsp. sativa convar. volgensis Vav.) are localized in the ter-
ritories of Iran, Georgia and Russia (Daghestan, Tatarstan, Bashkortostan and Chuvashia). The
groups of intraspecific variability of A. sativa subsp. sativa convar. asiatica Vav. and A. sativa
subsp. sativa convar. volgensis Vav., characterized by primitive or transitional traits and weeding
crop fields, demonstrated distinct attachment to certain areas. Analysis of the VIR collection data
on attribution of local accessions collected in 1920-30’s to different species has shown that
forms of A. sativa subsp. sativa convar. asiatica Vav. have their richest diversity only in Iran and
Georgia, where all three botanical varieties of this group were identified, while in Daghestan on-
ly one of these varieties was found. Another group, A. sativa subsp. sativa convar. volgensis
Vav., has four botanical varieties, and Tatarstan harbours the greatest diversity of them (all 4 bo-
tanical varieties). Three varieties were identified in Bashkortostan, Chuvashia and Ulyanovsk
Province, two were found in Udmurtia, and only one of them in Kirov Province, Saratov Prov-
ince and Mordovia. In other regions of covered oat distribution these forms are absent. It is very
likely that covered forms of A. sativa subsp. sativa L., weedy from the beginning, started to be
introduced into cultivation and spread in all directions from the South-Western Asiatic centre
across Iran farther into Georgia, Daghestan and Middle Volga Region (Saratov and Ulyanovsk
Provinces, Tatarstan, Chuvashia and Bashkortostan).

One more subspecies, A. sativa subsp. nudisativa (Husnot.) Rod. et Sold., or naked hexa-
ploid oat, according to N. I. Vavilov [1926], originated from specific mountain region of north-
west part of China. It is reported in publications that hull-less oat was known in China as early as
in the 5th century A. D. [Zhukovsky, 1964]. Getting farther eastwards from its main centre of
diversity (South-Western Asiatic centre of crop origin), with a change of growing conditions, A.
sativa L. produced naked-seeded mutations, which finally settled in new habitats.

While analyzing data on intraspecific diversity of naked landraces of A. sativa L., it came out
that among the Mongolian germplasm samples collected by V. E. Pisarev’s mission (1922-1923)
[Loskutov, 1999], where all four botanical varieties of the subspecies were identified. Three bo-
tanical varieties had their origin in China, four in Mongolia (two of them are strictly endemic for
these regions), two in one of the adjacent Russian provinces, and another two in the other. The
remaining forms of naked oat, representing two most widespread variants, originated from the
European part of Russia or other European countries. It leads to the conclusion that the The part
dedicated to the breeding value of oat species contains the analysis of literary sources and results
of studying a set of oat species according to several commercial traits. Highly variable response
to photoperiod and vernalization illustrated the level of polymorphism for these characters within
the cultivated and wild genepools of the genus Avena. The results of this study have demonstrat-
ed that for the majority of wild species under evaluation cold requirements have more influence
on the date of heading and the duration of the vegetative period than daylength. It has also been
shown that the response of wild Avena species to vernalization is to some extent linked with the
geographic distribution of the accession and the response to daylength is species-dependent. No




strict correlation between species, their geographical origins and response to photoperiod was
observed, although several daylength-insensitive forms of various species originated from lati-
tudes south of 40°N.

As a result of the study when crown rust (caused by Puccinia coronata Cda. f. sp. avenae
Faser et Led.) resistance had been assessed on the level of species, it was observed that most dip-
loid wild species missed this character. Among the tetraploid species, resistance was observed in
most species. Hexaploid species A. sterilis was the most resistant and promising for character-
targeted breeding. A. ludoviciana and A. occidentalis may also be regarded as promising. Re-
sistance was most expressed in the hexaploid accessions from Spain, Italy, Turkey, Israel and
Iran. Resistant forms for all groups of species came mostly from North Africa, such as Tunisia,
Algeria and Morocco.

While assessing stem rust (caused by Puccinia graminis Pers. f. sp. avenae Eriks.) re-
sistance, variation of responses in the species studied was wider than in cultivated oats. At the
same time, among few diploid species only medium resistance to this disease was identified. Tet-
raploid wild species were characterized as strongly susceptible to this pathogen. All hexaploid
wild species, on the average, demonstrated medium resistance to the agent of stem rust. Resistant
forms were identified among the accessions from Italy, Iran, Iraq, Israel, Tunisia, Algeria, Mo-
rocco and Ethiopia. Group resistance to major obligate fungal diseases (crown and stem rust)
was observed in the forms belonging to species A. longiglumis, A. canariensis, A. hirtula, A.
barbata, A. agadiriana, A. magna, A. insularis, A. macrostachya, A. occidentalis and A. sterilis.

Medium tolerance to BYDV (caused by Hordeum virus nanescens Rademacer et Schwarz.)
was observed in the diploid species with A-genome variants. An overwhelming majority of tet-
raploid species with different genomes had medium tolerance to this virus, except highly suscep-
tible A. agadiriana and A. murphyi. All hexaploid species basically demonstrated medium toler-
ance to BYDV, with A. occidentalis having the highest percentage of resistant accessions. The
strongest and medium tolerance was typical of the oat forms from Greece, Turkey, Syria, Israel,
Morocco, Algeria and Tunisia. Comparing the data of BYDV resistance and strong aphid coloni-
zation ascertained identification of BYDV resistant accessions belonging to diploid species A.
clauda, A. pilosa, A. damascena, A. canariensis and A. hirtula.

Resistance to powdery mildew (caused by Erysiphe graminis D. C. f. sp. avenae Em.
March.), oat leaf blotch (caused by Helmithosporium avenae Eidam.), oat leaf blight (caused by
Septoria avenae Frank.) and oat necrotic mottle (caused by Mirothecium verrucaria Ditmar. ex
Fr.) was demonstrated by the accessions with different ploidy levels collected in various regions.

The results of our field researches and literary review reported great diversity in the struc-
ture and separate elements of panicle. Variation of these descriptors was insignificant throughout
the years of study. Analyzing the panicle structure on the species level certified that such param-
eters as panicle length, number of spikelets and panicle density varied greater in the diploid wild
species that in other groups of species.

Besides, field evaluation of wild oat species cast light on the rich diversity in kernel char-
acters. Analyzing the percentage of husk and size of kernels on the species level helped to de-
termine that diploid wild species had greater variation of these descriptors than the other groups
of species. On the whole, it was ascertained that diploid species had the highest values of husk-
ness percentage and the lowest of kernel size. Two tetraploid species A. magna and A. murphyi
were also distinguished for large size of their kernels, since their 1000 grains weight reliably ex-
ceeded maximal average values of all species studied. Hexaploid species demonstrated even less
variation in the structure of kernel than tetraploid ones. A. fatua was reported to be among the
species with the lowest percentage of huskness, while A. sterilis had the highest values among
this group of species. Variation of kernel size was insignificant among these species, being com-
parable with A. sativa.

The data of biochemical research on wild and weedy field oat species showed the highest
groat protein content in the accessions of diploid A. longiglumis and A. atlantica, tetraploid A.
magna and A. barbata, and hexaploid A. sterilis. Potential sources of high protein content would



be A. murphyi and A. occidentalis. High nutritive value of protein was notable in tetraploid A.
barbata. Hexaploid species appeared to have the percentage content of lysine and other essential
amino acids in protein comparable with the level of A. sativa. Noteworthy for high groat oil con-
tent were accessions of diploid A. pilosa and A. canariensis, tetraploid A. murphyi and A. magna,
hexaploid A. fatua, A. ludoviciana u A. sterilis. The quality of oil in oat may be determined by
the content of monounsaturated fatty acids, such as oleic acid, capable of prolonging oil preser-
vation time during storage. The highest content of oleic acid was reported in the forms of diploid
A. hirtula, A. longiglumis and A. wiestii, tetraploid A. barbata, A. vaviloviana and A. magna,
hexaploid A. fatua and A. ludoviciana. At the same time, biological activity of such oil is deter-
mined by the correlation between linoleic and oleic acids, which should be equal to one. This
correlation was observed in the accessions of diploid A. ventricosa, A. clauda, A. pilosa and tet-
raploid A. vaviloviana. The research resulted in mapping the geographic distribution of intraspe-
cific diversity with regard to all oat species and forms. It appeared that accessions with high
groat protein content had originated mainly from Israel, Morocco and Azerbaijan, while those
with high groat oil content from the Ukraine, Azerbaijan, Georgia and Morocco.

These studies and literary review confirmed that spp. A. sterilis and A. ludoviciana are
the most promising and important both in terms of grain quality and in terms of transferring this
trait onto cultivated oat. The research resulted in finding intra-specific variation in biochemical
parameters under study, which opens a possibility to search for forms with a set of commercially
valuable properties and high grain quality.

Increasing abiotic resistance of the released cultivars, to a great extent, provides for con-
servation of the biodiversity of major agricultural crops. In view of this, specific priority should
be attributed to the research aimed at seeking new sources of edaphic resistance among wild rela-
tives of cereal crops, since cultivated species in the process of evolution have in most cases lost
the characters that initially belonged to their wild ancestors.

The results of evaluation of aluminium tolerance have shown that the wild species (dip-
loid and tetraploid ones) carrying a C genome had low level of resistance to the excessive con-
tent of aluminum and hydrogen ions in the nutrient media, while the carriers of A and B ge-
nomes were more frequently characterized as having high alum resistance. The analysis has
made it clear that some accessions that we have identified as resistant originated in the environ-
ments with excessive moisture or in mountainous areas. It seems very likely that the long-term
life of plant forms under soil and climate environmental stress has led to the development of ef-
ficient protective mechanisms against unfavourable edaphic factors in these genotypes. All the
forms of cultivated oats identified in the process of this study may be recommended for utiliza-
tion in breeding practice.

The analysis of wide literary review and results of studying such an representative set of
accessions of genus Avena with different ploidy levels made it possible to display intra-specific
diversity on all the characters involved. A part of tetraploid species and especially hexaploid
ones identified as sources of the assessed descriptors may be directly included in the breeding
process for resistance to biotic and abiotic factors, agronomic traits, and grain quality for feed
and food. Numerous researches in this direction and practical results of oat breeding have evi-
denced that utilization of wild species alongside with the varietal diversity of cultivated forms is
the most promising trend of oat breeding, capable of broadening genetic base and reducing ge-
netic erosion of this crop.



