®IrbHY ®UL Bcepocculickuli uHcmumym
2eHemuyYecKux pecypcoe pacmeHuli um. H.U.Basunoea
(BUP)

97 net KoANeKLuUU KanyCTHbIX
Kynbtyp BUP:
TPaauuum U NepcneKTus.bI

A.M.ApTembeBa
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Brassicaceae crops
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10997 accessions
11 genera, 32 species
The biggest in Europe

From 98 countries
30-80% unique accessions

S According N.1.Vavilov worldwide collection should reflect natural
- ¥ biodiversity of cultural crops and their wild relatives and also general
s genepool of modern breeding achievements.

309% - landraces,

58% - breeding cultivars, 9

12% - inbred lines, DH lines, hybrid populations Nl
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KoJutexknmuu oBomHbIX KyJasTyp Brassicaceae: 7272 o0p.
Vegetable Brassicaceae collections

Kyabrypa |Crop Botanical name Number

Kamycra Cole Brassica oleracea L. 2472

Pena Turnip B. rapa L. rapifera 605

A3maTrckme Asian brassicas, B. rapa L. pekinensis, 1048

KaIyCTHbIE broccoletto chinensis, narinosa,

KYJbTYPBbI, rosularis, ruvo,

OPOKKOJIETTO nipposinica, rapa

T'opuumna cap. | Indian mustard B. juncea Czern. 117

Panc oBomnoii | Rape vegetable B.napus L. var. 10
pabularia

bprokBa Swede B.napus L. ssp. rapifera 277
Metzg.

Peabka, pequc | Radish, small radish | Raphanus sativus L. 2381

Kpecc-canar | Water cress Lepidium L. sp. /4 303

Jdpyka Salad rocket Eruca sativa L. 25

JIBypsaaKa Rocket-salad Diplotaxis tenuifolia L. 5

XpeH Horse radish Armoracia rusticana L. 5
Brassicaceae sp. /12 24




KoJuteknnu MacJiM4HBIX KyJbTyp Brassicaceae: 3725 oop.
Oilseed Brassicaceae collections

KyabTypa Crop Botanical name Number
Pamc Rapeseed B. napus subsp. oleifera 1296
Metzg.
Cypenuna Turnip rape B. rapa subsp. oleifera Metzg. 353
T'opuuna Indian mustard Brassica juncea (L.) Czern. 1263
capentckasi
Topuuna 6exas | White mustard Sinapis alba L. 272
T'opunna gepn. | Black mustard Brassica nigra (L.) Koch. 48
Aduccunckasa | Abyssinian mustard | Brassica carinata A.Braun 41
Kamycra
Topunna Sharlock mustard Sinapis arvensis L. 8
KoHpuHrus Mustard hare's-ear | Conringia orientalis Andoz. 10
Peabka maca. | Chinese radish Raphanus sativus L. 6
Kpamoe Sea kale Crambe sp. /4 35
Jpyka Rocket salad/Indau | Eryca sp. /2 68
Poikuk False flax Camelina sp. /4 320
CaepOnra Sea rocket Bunias erucago L. 5




CocTaB KOJUIEeKIMHE KanyCThl N0 KYJbTYpam
Cole, vegetable B.rapa and B.juncea crops collection

KosmuecTBO 00pa3iioB B KaraJjore

Ok Kymetypa MOCTOSTHHOM BpPeMEHHOM
White cabbage KamycTa 6ejiokouaHHAas 914 150
Red cabbage KanycTa KpacHOKO4YaHHas 112 12
Savoy Kanycra caBoiickas 106 8
Kohlrabi KamycTa kosbpadu 119 28
Kale KanmycTta qucroBasn 133 33
Brussels sprouts Kanycra Oproccesibckas 43 6
Cauliflower Kanmycra nBeTHas 589 80
Broccoli Kanycra 0poxkkoiun 93 33
Kailan Kanycra 0eJ1onBeTKOBasA 6 v/
Chinese cabbage Kanycra nekmHckasi 384 86
Pakchoi Kanmycra kuraiickas 96 57
Mizuna Kanycra sinonckas 15 6
Indian mustard T'opuumna 96 21
Broccoletto BpoxkoJieTrTo 4 11
Leafy turnip Pena smcroBasi £ 27
Vegetable rape Pamnc 4 5
Oilseeds Macaununbie (cypenuna, WO, YS) 2 16
Raphanobrassica Raphanobrassica 0 4
Wild species JluKkue BUABI 4 17
DH lines DH aununu B.rapa (30, 38 u apyrue) 0 164
2749 771




Teorpajgpuyeckoe npoucxoxxkaenue oopasuos
KO/UVICKIUU KallyCThI
Geographical origin of B.oleracea,
. . ® HujepJianasl
vegetable B.rapa and B.juncea collection 4 g,0mus
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VIR Brassicaceae Herbarium

Brassicaceae crops and relatives:
16 genera, 105 species, 1673 accessions;
Weed (ex-former USSR): 56 genera, 4 000 sheets.

56 genera of family Brassicaceae in VIR Herbarium

Alliaria, Alyssum, Arabidopsis, Arabis, Armoracia, Barbarea, Berteroa,
Brassica, Bunias, Cakile, Calepina, Camelina, Capsella, Cardamine,
Chorispora, Clausia, Clypeola, Conringia, Coronopus, Cryptospora, Dentaria,
Descurainia, Diplotaxis, Dontostemon, Draba, Erophila, Eruca, Erysimum,
Euclidium, Goldbachia, Hesperis, Hirschfeldia, Isatis, Lepidium, Leptaleum,
Litwinowia, Matthiola, Meniocus, Myagrum, Neslia, Neutorularia,
Pterygostemon, Raphanus, Rapistrum, Reseda, Rorippa, Sinapis, Sisymbrium,
Streptoloma, Strigosella, Syrenia, Tetracme, Thellungiella, Thlaspi, Turritis,
Zuvanda



JdTanbl GOPMHUPOBAHUS KOJNJIEKIINU
The formation of VIR Brassicaceae collection

1921-1922: N.l1.Vavilov visit West-European countries, USA and
Canada;

1923: Russian resources were registered through All-Russian
agricultural exhibitions;

1924:. the landraces were collected in the centers of origin and
biodiversity Afghanistan, lIran, Armenia;

1925: North-west region, Altay, Far East.

Collection had grown by exchange of valuable material with different
Institutes and companies in Western Europe and North America.

In 1926 VIR scientists started to study the collection from 450 acc. of
white cabbage and cauliflower, 150 turnip acc., 90 radish acc., 180
mustard acc., etc.

1500 accessions of vegetable brassicas and 450 oilseed accessions were
collected by N.I. Vavilov himself and his colleagues till 1940.



N.l.Vavilov collecting missions 1926-1929 : brassicas 231 ac. /1134 ac.

Brassicaceae Mediterranean basin Ethiopia West China Korea Japan Taiwan

crops 1926-1927 1927 1929 1929 1929 1929
Cabbage 28 18 6 15 30
Radish 6 28 9 4 49
Turnip 3 3 21 11

Crops/collecting P.M.Zhukovskiy (1925-1927): V.V.Markovich (1926-1928):
missions Minor Asia, Mesopotamia, Syria India, Ceylon, Japan, China
Radish 149 33
Cabbage 105 39
Turnip 71 17
Mustard 23
Cress 12 1
Total brassicas 360 / 2015 brassicas 90 / 595
E.N.Sinskaya collecting mission to Japan (1928-1929 ): 241 / 458 acc.
Cabbage 97
Radish and small radish 72
Turnip 59

Mustard 13



But only 30% brassicas accessions were saved from this time
during the 2" World War. From 1941 till 1945 the collections were
stored in Leningrad, a small part of valuable vegetable brassicas
accessions were evacuated to Ural.

From 1946 resumption of VIR brassicas collection started,
when loss material was collected from the same locations as In
Vavilov time and bought from the same breeding companies like
Vilmorin. The first round of new reproduction and new
characterization and evaluation trials for old and new accessions
has begun from 1946.

From 1950 VIR collections enriched very intensively. All
territory of ex former USSR was inspected and local resources are
presented in collection very full. Collecting missions to China,
India, Japan, Syria, Turkey, and Australia were organized this
time too.

From 1980 systematic exchange of material with world-wide
gene banks, Institutions and breeding companies have been
developed.



OcHOBHBIE HAIIPpaBJICHHUA ITOINOJHCHHUA KOJJICKITNHU
Main directions of collection increasing

» cO0Op AMKMX BHJAOB H MeCTHBIX (opM ¢ BBICOKOH CTeneHbIo
YCTOMYMBOCTH K OMOTHYECKHMM M a0MOTHYECKHM CTpeccopaM, LEeHHBIM
OMOXHUMHYECKHUM COCTABOM

Collection the local types and morphotypes with high level of resistance to
biotic and abiotic stresses, valuable biochemical composition;

» HHTPOAYKIHS HOBBIX JJisi PoccHu KyJbTYp U THUIIOB COPTOB;
Introduction new for Russia crops and cultivar types;

> TpHBJeYeHHEe JYYIINX MUPOBBIX JOCTHKEHUI COBpPEMEHHOM CeJleKINM,
IPEK/IAE€ BCECI0 MO HOBEMIIINM HallpaBJCHUAM CCJIECKINMH,

Collection of the best world achievements of modern breeding, generally on the
newest breeding directions;

> TpHBJIeYeHHEe HOBOI0 NreHeTHYECKOr0 MaTepuaa — MyTAHTHBIX JIMHUM,
HHOpPEAHbIX JUHUHA, CAMOHECOBMECTUMBIX JUHUU, JuHUU ¢ [IMC, aunui
YABOCHHBIX I'alJIOUI0B, KAPTUPYHOIIMX MOMYJISAIAHA.

Addition of new genetic material — mutant lines, inbred lines, self-incompatible
lines, double haploid lines, mapping populations.
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Boinucka o0pa3ioB OBOLIHBIX M 0aX4YeBbIX KYJAbTYP

- Poccuiickue cesiekuenTpbl: @PHILO, MCXA, BHUMU puca
- Ceaexuenrtpsl ctpan CHI': beaopycexkuiit HUUM oBoieBoacTBa,
YKpauHCKUl HH-T OBOLIHbIX U 0aXUeBbIX KYJbTYP,
JIHenponerpoBckas v /loHenkas CTaHIIUM,
Ka3zaxckuil HH-T OBOIIHBIX KYJbLTYP U KapTodes
- 3apyoOesxkublie 'ennbie Oanku: I'epmanuun, Hugepiaanaos,
Ucnannu, Kurasa, Kopeu
- 3apyoexnbie HUW: YH-T Barenunrena (Huaepiaanabi),
Kuraiickuii CeBepo-BOCTOYHBbIN YH-T (XapOuH),
HHUMU 0BOIIHBIX M HBETOYHBIX KYJbTYP (Ilekun),
HUWUMU oBomIHBIX U 1eKOPATUBHLIX KYJbTYP (Ilexun)
- Poccunickue cejieKIIMOHHO-ceMeHoBoaYeckue pupmnbl. Ilouck,
Axaura, l'apuiu, Poccuiickue cemeHa, CHOMPCKUM caja M AP.
- 3apy0OesKHbIe CeJICKIIMOHHO-CEMEHOBOTYeCKHEe (PUPMBI:
Bejo, Rijk Zwaan, Enza Zaden, Sakata, Takii



JInnum YABOCHHbLIX ramjionion
DH lines:all B. rapa L. crops, cauliflower,
brocceoli, kailan, radish, mustard

Chinese cabbage
CC-247 V, Korea —

Kasin type,
semi-headed,
resistant to Peronospora :
Tatsol
L WTC-GLU
003, China

Pak-choi
PC-101, China

Turnip
VT-012, Japan




Kaptupylouwue nonynayuu
Brassica mapping populations
Brassica rapa DH38 : pakchoi x yellow sarson (Wageningen University)

nonynsauyus BRASSICA RAPA L.

ofpsespe ?HS?’M”’”?Q’Q???????

P175 P143

B.o.alboglabra T .. % M B.o.botrytis italica



HoBble UCTOUHUKKU ANA OTAENbHbIX HaNPaBNEeHUI cenekuuu

MupoBon cenekuuveun cosfiaHbl BbICOKO ypoOXauHble copTa U rmopuabl
OBOLHbIX KYJbTYP pa3fiMYHbIX CPOKOB CO3peBaHUA, B TOM 4ucrie no
npuU3HakaMm nNpoOAYKTUBHOCTU U CKOpPOCNEnocTtu Onuskue K npepeny
NoTeHUManbHbIX BO3MOXHOCTEN KYNbTYP.

BbicOKOpOCnas KOPMOBasA KanycTa
Ka HVCTa M% l-Iep|-|oro‘|:;wm: 7
AexkopaTuBHOCTb MCTOYHUK YCTOMYUBOCTU K Kune
dopmupoBaHue NPoAYKTOBOro AU ; ,
opraHa npu Manom pa3BUTUU
doTocuHTETUUECKOrO annapaTa

U9 X e s B [ &
I/ - > AL

CuHe-3eneHan Kanycra:
MCTOYHMUK XKapOCTOMKOCTU U
YCTOMYMBOCTU K BUOTUUYECKUM
daKTopam

Yo I

Konbpabu ns Hnaepnaxpos:
He 6onee 10 nncrtbes

CeneKkuma Ha NOPUUOHHOCTb:
dwf — KapANKOBOCTb




I'eneTnyeckoe pazHooOpasue OPOKKOJIU U IBETHON KANYCThI
Genetic diversity of broccoli and cauliflower

B.oleracea
sylvestris Mill.




pak-choi tsoi-sum

summer oil

Chinese
cabbage

Shirona

Hiroshimana

tatsoi




UcTopus n3ydyeHus KOJIEKIINU
Collection history : E.N.Sinskaya and T.V.Lizgunova

Botanical and geographical investigations of oleiferous and root
vegetable crops of the Brassicaceae L. family was realized in VIR from
1923, under the direction of E.N.Sinskaya, same for cabbages from
1925, under the direction of T.V.Lizgunova.
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E.H. CHHCRAR
TPYAB!I IO INMPHKAAAHOR E.H.CHHOHAR
BOTAHMKE, FTEHETHKE
M CEAEKLIMH ucmopuyeckan
MACAMUHBIE H rearpagua
KOPHEITAOABI “‘J{"l "n“:)l.lpl'hl:ﬂu
CEMEACTBA CRUCIFERAE
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As the results, monographs “Flora of cultivated plants”
were published.

They included classifications, traits variability
peculiarities, agrobiological characteristics of ecologo-
geographical groups, cultivars and cultivar types
(Sinskaya, 1928; Shebalina, 1974; Lizgunova, 1984,
Shebalina, Sazonova, 1985).

The main works of E.N.Sinskaya, where themes
of evolution and classification of Brassicawere
revealed:

- Sinskaya, EN, 1928. The oleiferous plants and
root crops of the family Cruciferae.

- Sinskaya, EN, 1969. Historical geography of
cultivated flora.



T.B.JInsrynosa u T.H./I:xoxanze

Beecorosunit HUH npuknaanoii GotaHukn # HOBBIX KyasTyp, 19251

Tarsana Bacuiabesna cpenn kojuier
Ilepsbie roast paborsl B BUPe (cuast caesa nanpaso: Jiusrynosa T.B.,

Kunuynos H.H., Maukesny B.H.). 1928r.

Mockosckoe otaenenne BUP. Onucanue Mywkun. 1979r. GoTocsemka 00pa3ioB KanycTsl uis «PyKOBOACTBO 10 anpc Oauun

komtekuuy Kamyctsl ¢ E.M. ManaxoBoii. OBOLIHBIX KYJABTYP»



Eco-geographical classification of white cabbage by Lizgunova
(1965, 1984)

7 eco-geographical groups and 33 cultivar types distinguished on biological traits:

- Central Russian group includes Jurievetskaya and Moscovskaya pozdniaya cultivar
types distributed in Moscow district;

- North Russian (St.-Petersburg district): includes the cultivar types of Kaporka,
Valvatievskaya and Ladojskaya;

- Siberian group;

- Western European group contains 9 cultivar types including popular in the world
Couer de boeuf and Nonpareil,

- Central European group consists of 9 cultivar types including very wide distributed
cultivar types Dithmarscher Friiher, Glory, Dutch flat as well as obviously related Russian
endemic types Saburovka and Savinskaya;

- North-Western European group: 6 cultivar types, the mains among them are Amager,
Langendijker dauer and Belorusskaya,;

- Eastern group consists of Marnopolka, Likurischka and a few other cultivar types that
distributed in Balkan countries, Minor Asia and South part of Russia.
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I/ICTOpI/IH N3YICHNA KOJJICKIITNHU

PazguBass wunerwo P.J.Pereass 00 wu3ydyeHMH 3K0JI0r0-reorpaguyeckux
3AKOHOMEPHOCTEH HU3MEHYUBOCTH IMPHU3HAKOB PACTCHUUA B KOHTPACTHBIX
KJIMMaTHYeckux ycaoBusix, H.M.BaBuioB opranmsoBaa ¢ 1923 r
npoBeaeHue reorpapuyecKux nNoceBos.

B 1926-1931 rr.: «KpacHplii maxapb» (HbiHe [IaBioBcKkasi ONbITHASL CTAHIIUA) MO/
IlerepOyprom u B besopycckom otraesienun BUP mog MuHCKOM, B YKpPauHCKOM
oTaesIeHuNn, Azepoaunmaxkanckom oraenenun BUP;

B Tpuauarsie roani: Ha Maukonckou IloasipHoint u J{aJbHEBOCTOYHOU
CTAHIUAX,

C konna 1940-x romos: Ha Ilpmapanbckoir, Cpeaneasumarckoii, /larecrtanckoun,
YerumoBcko  craHuusix, B CBepmlIoBCKOM ¢uinaje, HECKOJIbKO II03)Ke HAa
MockoBckom otaesieHud, Boarorpaackoit u CyxyMcKon CTaHIUSAX.

IlepBbie copTa 0eJI0KOYaHHOM KanycThl ceJdexkunn BUP:
JInkypumka 498/15 (ron Brarwuenusi B ['ocpeectp 1939, MOCBUP),
3ouoToii rekTap 1432 (1943, BUP),

He-®pu3 (1943, IBOCBUP),

HomMmep nepsblii nmoasipuslii k-206 (1950, TIOCBUHP),
Boarorpaackas 42 (1950, BOCBHP),

Cynbs 146 (1950, BOCBHP),

NMeKHHCKOM kanycThl XuonHnckan (1962, IOCBUP).



OcHOBHBIE BeXH YIVIYOJIEHHOTO M3yYeHU S KOJJICKIIMH

B 1950-€ rojipl: co3nanne HH(PEeKIMOHHBIX (DOHOB;

YCTaHOBWJIM 3aKOHOMEPHOCTH BHJIOBOM, COpPTOBOM, TIeorpad)M4yeckor u
OKOJIOTUYECKOM HM3MEHYMBOCTA OCHOBHBIX JJIEMEHTOB OHMOXMMHY€ECKOI0
COCTaBa;

HccnenoBanusi aHATOMHUYECKOI0 CTPOCHUS U MOp(OoreHesa.

C nauyana 60-x ro0B: OOJBIIIOE BHUMAHUE YJICIISIIIOCH IPOOJieMe reTepo3uca.

B 1970-1980-¢ rojipl: ObUIM CO3AaHbI yAaUYHbIC TETPA- U TPUILVIOUABI OCTTOKOUaHHOH
KaIyCThI,

Pa3BuTre MeTonbl YCKOPEHHOW OIIEHKH CEJIEKIIMOHHOIO MaTrepuaja IOo X0J0/10-,
KAPO- M COJIEYCTONYHUBOCTH JIA0OPATOPHBIMU METONAMU;

Ha wundexknnoHHbIX (OoHAX H3yYaldu YCTOMYMBOCTh K (y3apHO3HOMY YBSIAAHMUIO,
COCYJIUCTOMY OaKTepHO3y, KUJIE;

[IpoBoguan yrinyOJE€HHOE MCCIEAOBAHUE COJCPXKAaHUSI B KamycTe (QUITTIOXMHOHA,
HUKOTUHOBOM KUCJIOTBI, XOJIMHA, TOPYMYHBIX MaCEII,;

[IpeaMeToM M3yUdeHUs CTaIU KAPUOTUIIHYECKHI COCTAB;

HHTEHCHUBHOCTHh (OTOCHMHTE3a U COJAepPKAHUE NMUTMEHTOB (POTOCHHTETHYECKOIO
anmapara.



OcCHOBHBIE HaMpaBJICHUA U3YUCHHUH KOJVICKIIUHA
Main goals of PGR evaluation

By Vavilov and his colleagues methodic
* DJKkojoro-reorpagpuueckoe 60raHuko-mMopdosorniaeckoe /
Ecologo-geographical according VIR descriptor (phenomix)

Traditional evaluation and new possibilities
* buoxummnuecknii cocra / Biochemical composition

* YCcTOYNBOCTDH K OHOTHYECKHM cTpeccopam /
Resistance to biotic stresses
* YCTOHYMBOCTH K a0MOTHYECKHM cTpeccopam /

Resistance to abiotic stresses
I'eHOTHIIHPOBaHNE U KapTHpoBaHue /
Genotyping and mapping

* DNA fingerprinting
« QTL analysis
 Association mapping



e

Structure of collections ' % M#&S

Core collections

As results of 97-years ecologo-geographical characterization and evaluation of
vegetable brassicas morpho-physiological differentiation was done and large VIR
collections were divided into ecologo-geographical groups and cultivar types. The
cultivar types are quite conservative units within varieties having a distinct
geographic origin and breeding history and consequently inherent morphological,
physiological, biochemical, immunological, agronomic characters and DNA
organization features.

Within every cultivar type limits the general representatives showing the most
character features of type were proposed; generally they are old local
cultivars/landraces collected from places of origin and diversity, included in VIR
collection 50-60 years ago.

The amount of accessions in core collections is 13-25% of collection.

Trait collections

Collection presents a system of intraspecific variability of studied traits,
determination and creation of donors of these traits.

Genetic collections

Collection of accessions with identified genes, including their localization,
cloning and sequencing; including DH lines with identified and mapping loci.

DFFS (Diversity Fixed Foundation Set)

Set of genetically fixed lines (Pink et al., 2008). All loci are homozigotes.




Co3nanue NPpU3HAKOBBIX KOJLJIEKIMT

Trait collection formation

/IMana3oH ecTeCTBEHHON W3MEHYUBOCTH TMPOJAOBOJbCTBEHHBIX MPU3HAKOB
MPOAYKTUBHOCTH, CKOPOCIEJIOCTH, YCTOMYUBOCTH K OMOTHYECKHUM U A0MOTHYECKUM
cTpeccopaM, 0COOEHHOCTe HAKOIUIEHUS NMUTATEIbHbIX BelleCTB, B TOM YHCJIe ISl
HCIOJIb30BAHUA B MEAULUMHCKHUX HEJSAX, Y KAMYCTHBIX KYJbTYP OTPOMEH.
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- IIpoayxTuBHOCTH / Productivity
- Cxopocnesocts / Earlyness

Percent of obs

Kawunpka

- buoxuMuyeckHuii cocTaB mo kommoHenTam / Biochemical composition
- YCTOMYMBOCTH K KWJIE, COCYIMCTOMY 0aKTEPHO3Yy, AJIbTEPHAPHO3Y, IEPOHOCIIOPO3Y,

MO3aHKe TepHemnca /

Resistance to clubroot, black rot, alternaria, downy mildew, mosaic virus

- YCTOMYMBOCTH K KAIyCTHBIM MYXaM, MOJIM, COBKe /
Resistance to cabbage fly, Diamondback moth, cabbage scoop

- YcroitumBOCTH K cTedaeBannio / Resistance to bolting



ITonosiHEHHE MPU3HAKOBBIX KOJJICKUUN 0CJIOKOYAHHON KANYCThI
10 CKOPOCIEJ0CTH, MPOAYKTUBHOCTH M Ka4eCTBY KOYaHa
Additional accessions in white cabbage trait collections

IMoka3zarenn

4 IIpoucxo:x- Hepuon Hua- o P T Juauna | Macca
karajiora | HazBanue MeTp merp |HHaekc| cTb

BUP SR S PO3eTKH | KouaHa, | popMbI | KouaHa, Koqeg) A

B , CM cM 0aJLI o s

Bp.2203* Kuaii 73-87 50,4+3,8 |14,8+0,4 (0,94 3,70 48,50 1,1+0,10
Bp.2144 | ZongGan 1 Kuraii 78-96 49,1+2,3 115,5+0,3 | 0,96 3,60 48,00 1,3+0,07
Bp.2178 | JungXuan Kuraii 80-92 61,2+0,5|17,5+1,2 (0,91 3,80 46,50 1,8+0,15
Bp.2202% Kuraii 80-92 51,8+2,4 116,7+1,6 |0,97 3,75 51,20 1,5+0,19
Bp.2204* Kuraii 85-98 54,0+1,8 |13,8+0,3 |0,93 3,60 45,70 0,9+0,20
Bp.2150 Kuraii 101-111 |52,6+2,5|24,6+1,5 (0,55 4,10 47,50 3,0+0,20
Bp.2143 | JingFengYi Kuraii 115-124 |66,5+3,1 |25,2+1,4 10,53 3,60 50,00 2,8+0,20
Bp.2133 Kuraii 147-155 |72,6+3,323,5+1,4 (0,78 4,50 48,30 3,5+0,15
Bp.2154 ApmMennst 115-125 |71,4+4,4|124,2+1,2 |0,68 2,66 37,30 2,8+0,13
Bp.2157 ApMeHust 106-121 (76,4+2,4118,5+1,5|0,83 3,10 55,00 1,6+0,41
Bp.2193 Tamxuxkucran |92-108 52,3+2,8119,1+0,6 (0,72 3,60 52,30 1,6+0,26
Bp.2195 Tamxukucran |[94-105 51,0+2,5116,1+1,5 (1,05 420 41,20 1,5+0,42
Bp.2197 Tamxuxkucran |91-108 64,4+6,7 |14,6+0,7 | 0,97 3,60 43,50 1,3+0,27
Bp.2194 Tamxkukucran |105-116 |[72,4+10, |24,8+0,9 | 0,56 3,40 41,70 2,3+0,10
Bp.2214 Kapam Kuprmsusa (83-94 71,3+1,6 |17,0+2,1 1,03 4,00 39,30 2,0+0,42

PacmnpeHne IpeacjaoB HISMCHYUBOCTH 110 JVIMTCJIBHOCTH BEIr€TAIIMOHHOI'O ITEPHUOIA
0OTMECYCHO B IMOCJIECAHHEC T'0ADbI.




Ilomo/iHeHNE MPU3HAKOBBIX KOJICKIIUUA IBETHOU KAIyCThI
M0 CKOPOCIEJOCTH, MPOAYKTHUBHOCTH U Ka4Y€CTBY I'OJIOBKH
Additional accessions in cauliflower trait collections

IToxa3zarean
II
SPH Toamuna
Ne Bp. BereTanuu
Juamerp | Boicora | /luamerp 00KOBOI0O Macca
RATELIBERE | asg aLo- s SR aeo 03€TKH 03€TKH, | TOJIOBKH L g nodera TOJIOBKH
BUP 75% x03. | F 2 ’ | gopmsr ’
cM cM cM rOJIOBKH, KI
TOHOCTH,
cM
THH
982 E51 R3440 | 104-115 79,4+12.2 | 56,4+9,2 | 18,4+0,3 0,64 2,16 1,5+0,11
983 E51 R4367 97-104 78,5+8,8 | 51,6+4,4 | 18,6+0,1 0,68 2,10 1,4+0,05
984 E51 R4406 | 102-119 77,0£10,4 | 55,7+6,9 | 19,4+0,1 0,68 2,53 1,8+0,09
985 E 5100174 109-120 69,4455 | 545+15 | 18,415 0,65 2,27 1,1+0,19
986 E51 R4408 | 104-125 70,8+6,3 | 51,1+1,9 | 18,0+1,2 0,66 2,20 1,2+0,20
987 E51 R4119 | 121-130 75,3+4,9 | 55,3+1,3 | 19,0+1,1 0,67 2,10 1,6+0,23
988 E51 L3368 | 117-126 69,3+7,8 | 53,3+1,2 | 16,9+0,7 0,66 2,28 1,1+0,12
ChunQuiC
991 aiHQua 96-110 80,6+7,8 | 58,0+£5,9 | 16,8+0,8 0,64 1,87 0,9+0,07
992 JinPin 88 78-90 65,5+6,8 | 35,2+5,1 | 14,5+0,5 0,60 1,80 1,0+0,08
Xinyan 80
993 ' Si'an 78-85 | 558412 | 321424 | 131208 | 0,65 210 | 0,5%0,06
996 MecTHas 70-78 47.6+1,4 | 20,2+1,5 | 14,5+0,3 0,7 1,20 0,5+0,08




Ko/uieknust KapJanKoBbIX 00pa3oB 0€JI0KOYAHHON KANYyCThI
Dwarf accessions in white cabbage collection

Iloxka3zaren
Ne karaJsiora Ha3zBanmue, Tepuon
BUP NPOHUCXOKICHHUE BereTanum, JAunametp JAuametp Macca
e PO3E€TKH, CM | KOYaHa, CM | KOYaHAa, KT

2428 Pee-Wee, Kanana 109-116  [42,7+0,95 11,840,35 0,81+0,03
Bp.2192 Zhong gan 4, Kuraii 84-101 49,7+1,26 12,2+0,46 0,84+0,04
Bp.2203 Kuraii 75-87 47,7+1,44 14,1+0,61 0,9810,06
Bp.2250 TaxKUKUCTAH 17-86 42 1+1,03 13,5+0,52 0,85+0,05
cpeaHee 45,5511,82 12,9+0,54 0,8710,04

CV% 8,1 8,3 8,6
Bp.2144 Kurain 78-96 49,1+2,31 15,5+0,34 1,3+0,07
Bp.2202 Kurai 80-92 51,8+2,40 16,7+1,66 1,5+0,09
Bp.1484 Fry, Hopserusi 84-100 49,4+2 33 13,3+0,83 1,23+0,08
cpeaHee 48,52+1,16 15,06+0,55 [1,32+0,05

CV% 8,16 8,4

5,44

T




N3MeHYHUBOCTH pa3MepoOB U MACChl paCTEHUs 00Pa3L0B KUTAUCKON U
PO3€TOYHOM KANYCThI NIPHY BHIPAIIMBAHUYN B UHTEHCUBHOM
CBeTOKYJbTYpe (ADU), 3uMHEll OCTEKJICHHOU TEIJIMIE U B OTKPbLITOM
rpyure (Ilymkunckue 1adoparopuu BUP)

Haszsanue | Mecto Pa3mepsl aucroBoit Pa3mepsl JaucroBoi Macca 1 IMpoayk-
o0pasua BbIPpAIIU- | PO3ETKH, CM IVIACTHHKH, CM pacTeHusi, | THBHOCTb,
BaHHSA AHAMETP BBICOTA AJINHA IIMpPHHA r KI/KB.M
GaiLang |A®HU-1 24,4+0,92 |16,2+0,8 11,1+0,55 | 8,2+0,49 54,8+6,30 5,48
JinPin25 | A®U-2 22,0¢1,89 |[15,0£0,95 |10,4+0,51 |7,6%0,51 95,1+7,51 5,01
Tennuma |24,3+1,38 |[153+0,91 |10,1+0,74 |7,3%0,62 52,2+6,43 5,22
Hoe 22,1+147 |14,840,83 |9,7+0,73 7,0£0,65 50,6%6,21 5,06
CV% 3,91%
Kangre ADHU-1 26,2174 |20,4+1,12 |12,6%0,74 |9,6%0,58 64,7+3,82 6,47
605 ADU-2 25,8+0,86 |[22,0£1,86 |13,8#0,97 |10,2¢0,38 |67,248,52 6,72
Tenamuna |24,3¥1,28 |(21,4+133 |13,0¢1,12 |9,2+0,35 61,4+5,15 6,14
oxe 23,7%0,92 |[20,6%1,75 |12,5+0,87 |9,1+0,43 60,2+4,83 6,02
CV% 5,04%
Extra ADU-1 18,6%0,74 |10,0+0,54 |7,3%0,58 8,9+1,32 42,3+6,39 9,25
dwarf Pack | A®GH-2 18,4+0,86 |9,0%0,32 6,5+0,71 8,3+0,70 44,7594 8,95
Choi Tennmuma |17,4+092 |[10,8+40,45 |7,2+0,47 7,8+0,82 41,145,111 8,22
IMoae 17,0¢1,14 |9,1+0,28 6,6+0,52 7,4+0,57 40,8+5,43 8,16
CV% 6,24%
Xiao Ba Je | A®H-1 20,8+1,31 |13,4+0,59 |6,4+0,69 5,9+0,29 39,7+5,17 7,93
Ta Cai ADU-2 19,4+0,94 |13,6%0,51 |(5,8+0,20 5,2+0,30 40,1+4,38 8,01
Temuma | 20,2+¢0,85 |12,3+%0,62 |5,7+0,44 5,7+0,47 36,5+4,12 7,32
Iose 20,9+0,12 | 13,36+0,93 | 6,4+0,54 5,4+0,38 35,6+3,61 7,11
CV% 5,719%




Ycrounsoctb K 6onesHam / Resistance to diseases:
in the field natural conditions

Diseases of brassicas in St.-Petersburg area, North-west Russia

White cabbage Red cabbage Chinese cabbage
Pathogen ™~ T (o [ R% | 0% | R% | C%

Alternaria
brassicae + 80-100 (0.45-1.75| 43-100 | 0.1-0.55 | 80-100 | 0.25-2.2
A. brassicicola
Plasmodiophora 0 0 0-15 0.5-1.5
Xanthomonas 5-30 0.2-1.5 5-10 0.3-1.0 5-20 0.5-2.0
Peronospora 10-40 0.5-1.5 5-20 0.5-1.0 15-50 0.5-1.5
Erysiphe
communis f. 0-20 0.2-0.8 0 0-20 0.2-1.0
brassicae
Fusarium 0-10 0.2-1.0 0 0

The most distributed pathogens belong to Alternaria species;

only 1 resistant accession of cauliflower (k-651) from India and one resistant
accession of Chinese cabbage (k-221) were found.




Resistance to diseases: artificial infection

Resistance to black rot and leaf spot in B. rapa (inoculation by nip-method)
(Xanthomonas campestris Pam. (Dow.). pv.campestris and X.c.pv.raphani)

Origin of B. rapa accessions on resistance to races of Xcr and Xcc

Accession Subspecies Region % resistant plants
Xcrl Xccl  [Xee3  [Xeed  [Xceb  [Xccb

Naeshubaekno baechu [pekinensis Korea [84 76 0 90 0 0
Ta-gu-tsai rosularis China 100 100 100 J100 100 [100
Local pekinensis China [100 100 100 {100 100 J100
Ducre BUP pekinensis Korea |76 100 0 100 [0 0
Siao-bai-kou pekinensis China [100 100 100 [100 100 |0
Bansei Nagasaki hiroshimana |[Japan |69 100 100 [100 100 |0
Osaka Market shirona Japan (80 85 75 90 100 |0

VHIAHCKAs pekinensis Asia 100 100 100 100 100 [0
Hiroshimana hiroshimana [Japan |100 78 60 100 |62 0
Piorbai chinensis China |24 0 10 30 8 0
Tai na chinensis Russia |30 0 10 34 0 0
Ching Pang Ju Tsai chinensis China [75 0 100 (80 60 0
Hae Yu Tatsai rosularis China [100 0 23 100 |10 0
Mibuna BUP nipposinica Japan |100 100 0 100 [0 0
Local BUP rapifera China [80 20 25 90 20 0
Goseki Late rapifera Japan (80 50 50 60 50 0
Local 3159 dichotoma Asia 50 0 56 70 60 0
Local 3161 dichotoma Asia 68 0 80 100 (70 0
Local 3166/1 dichotoma Asia 44 0 50 84 50 0




Botanical distribution of resistance to X. campestris in B. rapa ssp.

Subspecies Pathovar, race Number
Xcrl Xccl Xcc3 Xcc4d Xceh Xcco
campestris 2.7 2.0 0.7 il 1.0 0.25 8
narinosa+rosularis 10.3 0.0 0.0 9.3 0.0 0.2 6
pekinenss 25.4 19.8 20.4 26.0 20.0 3.2 31
chinensis 26.2 4.6 20.5 27.6 14.4 0.0 14
parachinensis 35.0 0.0 0.0 43.2 0.0 0.0 8
rapifera 67.8 3.3 4.2 66.4 4.0 0.2 32
dichotoma 74.1 e 44.0 79.5 37.8 0.0 22
nipposinica 76.3 23.9 24.8 81.1 25.2 0.0 11

Geographical distribution of resistance to X. campestris in B. rapa

Region Xcrl Xccl Xce3  Xeed  Xeeb5  Xee6 Number
Central Asia 734 8,0 40,0 77,52 3536 12,0 25
China 253 7.4 1419-<2 2685 133 "3 5% 56
Europe 0,25 2,7 0 025 O 0,25 10
Japan and Korea /4,7 159 174 76,3 16,8 0,09 46

Russia 6,5 2,0 2,5 6,0 1,5 0,25 8



Cauliflower with high level of tolerance to

- Peronospora parasitica -Alternaria brassicae

Natalino, k-260, Italy Pandora, k-796, Netherlands

Express Corona, k-284, Japan Sochinskaya, k-1036, Russia
Adlerskaya vesenniaya, k-1007, Russia

-Albugo candida Adlerskaya zimniaya, k-1011, Russia
Skorospelka, Russia Man-man-zun, k-684, China
Van-sin-zun, China Coral Reef, k-803, Australia

Nine star, k-1013, Japan
Shinsezu, Japan
Sorto Kely, Italy

Resistance to clubroot in B.rapa
Tatsoi Bitaminna (k-213, Japan),
Leafy turnip Kurona (k-264, Japan),
Chinese cabbage Shantai (k-68, China),
Turnip Mommersteegis Clubroot Resistant (k-1119, Sweden),
Red Top Globe (k-1226, Denmark),
Tartonda (Tetraploid) (xk-1294, Germany).



PacnpenesieHue yCTOUYUBOCTH K MOBPEKICHUIO KANTYCThI
KAIlyCTHOU COBKOH
Resistance to cabbage scoop In cole crops
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Brassicas — food and medicine
Buoxummnueckuii cocras / Biochemical analysis

ITone3nnle MATATCJIbHBIC CBOMCTBA 1107000071 CTAHOBATCH B
COBPEMCHHBLIX YC/JIOBHUAX OAHHUM H3 HaunooJiee BaKHBIX (l)aKTOI)OB 110001
BbIOOpE NPOAYKTOB NUTAHMSIL.

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, biologically active compounds: vitamins, enzymes, pigments,
secondary metabolites.

GLC:
Biochemical compounds » Sugars

: « Amino acids
* Protein

« Ascorbic acid
e« Carotenoids, carotenes
* Chlorophylls aand b

* Organic acids

* Fatty acids

* Phenol compounds
» Alcohols



from 1933

Brassica rapa crops
Protein, % dw

VIR evaluation of biochemical compounds in Brassica
Dry matter, %

Sugars,
% fw
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Buoxumuueckuu cocras cCopToTunoB 6eN10KOHaHHOU KanycCTbl
Biochemical composition of white cabbage cultivar types

AcKkopbuHoBasa kucnorta, mr/100r / Ascorbic acid

;f?;gff 1588 %%E §§_§§ £E ééégg ;j% _%éf Biochemical composition of all
§%§§§§§L§§<§%§§§§§ 2£8 % g3 s Boleracea crops has  been
RES %g §§§°§§ 2 g"’%" € “ T2 investigated.
-§ 5 9= °5" § g 2 e 50-90% accessions depending of
é é crops, from all cultivars types, were
S P evaluated for dry matter, sugars,
14 - vitamin C, organic acids, protein,
¥ carotene, chlorophylls, total
8 glucosinolates and nitrates content.
2 The cultivars types of all crops
2 display a wide diversity of characters.
0 Among the cultivar types the

sources of nutritive and bioactive
substances were revealed.




BapuabeanHoCcTh OMOXHUMHYECKHX MpU3HaKoB B.rapa (156 o0p.)
Variability of biochemical compounds in B.rapa collection

Compounds Number of | min | max |average | Common compounds
compounds

Caxapa/ 16 0.02 |556 |0.83 glucose, sorbose, mannose,

Sugars, %fm sucrose, raffinose

Cnuptbl/ 16 13.83 | 753.0 | 165.44 | inositol, glycerol, phytol,

Alcohols, galactinol, sitosterol

mg/100g

AMMHO- 26 8.5 716 143 glutamine, glutamine acid,

KHCJIOTHI/ asparagine, asparagine acid,

Amino acids, serine, oxyproline, alanine,

mg/100g valine , treonine

Opr. kucaorsl/ | 35 0,021 | 1,418 | 0,421 maleic, phosphoric, succinic,

Organic acids, lactic, glyceric, erythronic,

mg/100g fumaric

deHoJIbHBbIE 13 trace | 262 44 guinic , sinapic , ferulic,

coelMHeHMs1/ caffeic , abietic, tocopherol

Phenol comp.

KupHble 17 0,003 | 0,8 0,09 palmitic, stearic, oleic,

KucJaoThl/Fatty linoleic, linolenic

acids, mg/100g




40

35

30

25

20

15

10

Osaka Market |
Local Siao-bai-kou s

Glucosinolates analysis in 5 genera of family Brassicaceae: Sinapis
alba L., Lepidium sativum L., Eruca sativa Mill., Diplotaxis muralis (L.) DC,
Brassica juncea Czern., B. rapa L.: 21 component of glucosinolates profile.

Kasin mmwm

Local Wong Bok #um

Bansei nagasaki NI

Da-bia-cha W

Local NEEm

Local mam

Uzuki Komatsuna Inamaam

Tokyo Belle F1 s

Anshun IR —

Green Sprouting Broccoli

sylvestris I
Hue Zin u-zai Waa »

B.rapa trilocularis

Pak-choi MEmn s

Turnip NI

Camelinin
NEO
4-MB-GSL
4-OCH3
GBC
ERU
GBN

M 6-MSH
4-OH

H GNA

m SINA
GNL

m ALY

m SIN
RAP

m PRO

m IBER

-The highest content of
glucosinolates (more than 40
nM/g) in all accessions of white
mustard (sinalbin) and in 6 acc.
of Indian mustard (sinigrin) :
useful for biofumigation.

- 17 glucosinolates components
in B. rapa,

- Indol glucosinolates, more
useful for human, took average
26,8 %,

- 3 local accessions of Chinese
cabbage with highest content of
indols were found — 86%, 61%
and 66%o.



leHeTMUecKoe pa3HOObpa3mne 6enoKoyaHHOU KanycTbl NO
pe3synbratam SSR aHanusa / White cabbage genetic diversity
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Genetic diversity and phylogenetic

relationships in Brassica rapa L.

based on SSR and S-SAP
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The first cluster included generally leafy

vegetable crops from East Asia, the

i 5 t8 & second one — turnip and all oilseed crops.



QTL analysis: Brassica mapping populations
Nokanusauua QTL, KOHTpoanpyrowmnx mopdonormyeckme m
buoxmmunueckmne NnpuUsHaAKKU y KapTupyrowmux nonynaumm B. rapa L.

QTL controlling morphological and biochemical traits in B.rapa
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Noxkanuzauua QTL, KOHTpONUPYIOLWUX YCTOWYNBOCTL K COCyAUCTOMY GaKTepuosy
Localization of QTLs, determined resistance to black rot
in DH30 (VT115 x YS143) and DH38 (PC175 x YS143) Brassica rapa
PWI231 (race 1), 5212-I (race 3), HR11279a (race 4), B-32 (race 5)
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Association mapping: positions of chromosome loci controlling
plant weight, bolting time and biochemical traits

A01 A02 AO03 A04 A05 AO6  AO07 A0O8 A09 Al0

AA
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weight
Bolting
time
A10: BrFLC1 AA A
A02: BrFLC2 FC
AO03: BrFLC5
Amino acids | AA Carotenoids, chlorophylls | €C Glucosinolates ‘

FC | Phenol compounds Degradation products




AccoyuaTtuBHOE KapTUpOBaHUE KoAneKuuu 6enoKoHaHHOMK KanycTbl
Association mapping of white cabbage collection
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CKPUHUHT CenekKyMoOHHOro martepuana u
BblAeNeHue reHOTUNOB C 3aaHHbIMU CBOUCTBAMM

CKpPUHUHT rubpnuaoB oT CKpeLinBaHUs Mapkep BRMS043 cBA3aH ¢ A MHOIN U
nuHum 13 n copra Taiicai (k-116, AnoHuA) o TR DN T ey IO
yepewkKa U C cogepKaHmnem KapotTuHa U
SSR mapkepom BRMS5-043 acKop6MHOBOW KNUCAOTbDI.
PF F. F. F.

M/ 15 98 140 85 86 12714 18 19 22 M 46 47 74 75 88 89 90 M

b L L L T "L LT L A

F4

Mpepacopr 122¢
C BbICOKUM coaepxKaHnem aCKOp6MHOBOVI KUCNOThbI,
KapoOTUHa, xn1opodpunnos




OueHKa COXPaHHOCTU ayTEHTUHHOCTU 006pa3Lu0B KanycTbl
nocne 10 uMKNOB penpoayuupoBaHuUA
Evaluation of authenticity of white cabbage collection after 10

rounds of reproduction

Variability of traits «head weight» and «vegetation period» of 55 accessions of
VIR white cabbage core collection
(Northwestern and Southern Fed. Districts, 1946-1979 and 2013)
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b) Period of vegetation, days a) Head weight, kg
0 - 2 - 160
g 150 Amager 611
[+
—% 140
g
% % g 130
5 Pushkin, 1946-1979  Majkop, 1946 - 1979 5 2 120
(=} =}
2 2 E Glory
& 110
100
Golden Acre

Pushkin, 2013 Majkop, 2013 Pushkin, 2013 Majkop, 2013 1990 2010

Bce mopgosiornueckue nNpu3HaKu cTadUIbHbI /

Stability of all morphological characters was found.

» Head weight is non significantly increased, that can be explained by improved
selection during reproduction process.

» Period of vegetation of studied set is decreased significantly in both locations;
possibly it is connected with climate change. Sample of decreasing of white cabbage
varieties period of vegetation from 1980 to 2012 represents.
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after 10 rounds of white cabbage reproduction (set of 7 SSRs)
88% accessions save their authenticity.
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Copra ceanexnnuu BUP/ VIR cultivars

Adpoaurta

KapmeHcuTa

Bce copra AHK mapkuposaHbl
U OTAMYAIOTCA UEHHbIM
OUMOXMMHUUYECKUM COCTaBOM

R I e neTepﬁyprCKMM
- \\ \\"',]
dnamuHro -
pO30BbIA

AneHyuika Pycanouka







INHEPCIIEKTUBbDI ITPUBJIEYEHUS, CO3JAHUA U
NU3YUYEHUSA KOJUVIEKIIMOHHOI'O U
CEJIEKIIMOHHOI'O MATEPUAIJIA

* [IpuBieyenue B kouiekuuiw BHUP MeCTHBIX reHeTHYeCKHX pecypcoB
KAIYCTHBIX KYJBTYP € BBbICOKOM AJalTUBHOCTHLI) U3 0YaroB
MPOUCXOKACHUS KYJIbTYpbI: Ipeunun, baakanckux crpan, Typuuwu,
Erunra, Cupuun, Upana, 3anagnoro Kuras

* Co31anve JJMHUMA YIBOEHHBIX IaljiION/I0B

*KoMmniekcHbIN OMoOXMMHYeCKUM aHaJIu3 NUTaTeJIbHbIX u
AHTUNUTATEJbHBIX, B T.4. OMOQPYMHUIrallMOHHBIX, CBOWCTB KANYCTHBIX
KYJbTYP; BbIABJCHHE M JIOKAJU3AUUA TIE€HeTUYECKUX JIOKYCOB,
KOHTPOJUPYHIIUX OHOXUMHUYECKHE MTOKA3ATE U

* [eHeTHYECKNIT aHAJIU3 KOHTPOJIS YCTOMYUBOCTH OBOLIHBIX KYJIBTYP K
O0akTepuaJbHbIM, [PUOHBIM U BUPYCHBIM 3200/ 1€BAHUSAM

* ['eHOTHIIMpPOBAHUE KOJIJIEKIM i HOBBIMHU MapKepamMu NI
ACCOLMATUBHOI0 KAPTUPOBAHUSA



Apy>XHaa KOMaHAa «OBOUWHUKOB
KanyctHukos» BUP
cpeaHuit Bo3pacr 45 ner

Co3nannass H..BaBuJjioBbIM M €ro mocjeaoBareJiAiMi MUPOBasi KOJJICKIMS
kanyctel BHUP sBasiercsi  akTyaJbHbIM  00bEKTOM  MOJICKYJISPHO-
reHeTH4YeCKHUX, (PU3HO0JIOTrHYeCKHX, OMOXUMHUUYECKHX, (PUTONMATOJOTHYECKHX,
CEJIEKIIMOHHBIX MCCJIeIOBAHUM.
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Everybody likes cabbage...
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Cnacubo 3a BHUMaAHue

Bbipaxato rnybookyro bnarogapHocCTb
BCEM COTpyAHUKaM,
pabdoTaroLWmMM C KanyCTHbIMU KyJibTypamu
B LleHTpe n Ha ctaHuuax BUP



