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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.
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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:
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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-
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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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