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Downy mildew is one of the most common fungal diseases
of the vine, caused by Plasmopara viticola. An effective
way to control the spread of the pathogen is to cultivate
resistant varieties. Cultivars of Vitis vinifera, being the

basis of high-quality viticulture, practically do not possess
genetic resistance to P. viticola, so screening for resistance
donors is an important stage in breeding. One of the
major resistance loci to downy mildew, the Rpv3 gene,
was identified in the genotype of a complex interspecific
hybrid of grapes Bianca. Later, it was found that this

gene had seven haplotypes of resistance inherited from
North American grape species, and that it was possible to
identify the allelic status of the gene using DNA-markers
UDV305, UDV737. However, only two haplotypes can be
combined in one diploid form. To determine the Rpv3
gene in the grape gene pool we, using these markers,
studied 35 different genotypes of grapevines, most of
which are interspecies cultivars. Three varieties with
known allelic status of the Rpv3 gene (Dunavski lazur,
Noabh, Seyve Villard 12-375) were included in the study as
reference genotypes. The genotypes were studied through
polymerase chain reaction with separation of amplification
products by capillary electrophoresis in automatic genetic
analyzer ABI Prism 3130. In the studied grape cultivars
DNA marker analysis indentified the Rpv3 gene in sixteen
genotypes of interspecific origin, including haplotype
Rpv3%%°-27% found in twelve varieties, Rpv332'312—in three,
and haplotype Rpv3"U271 _ in one variety. Seyve Villard
12-375 turned out to be the donor of resistance gene in
the most of the genotypes carrying Rpv3 in this study.

The obtained data can be useful in selection of mildew
resistant grape varieties and screening for hybridization
pairs.
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ITHK-gmarHoctuka redHa RPV3,
oripenesiolero YCTOMunBoOCTb
BMHOTPAaZa K BO30OVIUTENI0 MIUIIbIO

E.T. Viapuunuxas! &, M.B. MaKapKI/IHal, C.B. Tokmakosl,

A.T. HaymoBa?

T CeBepo-KaBKasckuit peaepanbHbiit HayuHbIi LIEHTP CajoBOACTBa,
BUHOIPaaapcTBa, BuHoaenus, KpacHopap, Poccus
Bcepoccninckmin HayYHO-NCCIeAOBaTENbCKUIA MHCTUTYT BUHOTrpafjapcTBa
1 BuHogenua um. f.1. MotaneHko, HoBouepkacck, Poccna

Mungpbio — ofHO 13 Hanbonee pacNPOCTPaHEHHbIX MPUGHbIX
3ab0neBaHN BUHOrpaZHOW No3bl, Bbi3biBaemoe Plasmopara
viticola. 2pdeKTMBHBIM CNOCOOOM KOHTPONA pacnpocTpa-

HeHWA naToreHa ABNAETCA BO3AeNblBaHNeE YCTONYMBbIX COPTOB.
Copra Vitis vinifera, cuTascb OCHOBOI BbICOKOKAUYeCTBEHHOTO
BMHOrpafapcTBa, NPaKTUYeCKn He 06nafdatoT reHeTuYecKom
YCTOMUMBOCTBIO K P, viticola. Monck AOHOPOB YCTOMYNBOCTU —
BaXHbI 3Tan B cenekuun. OfnH 13 KPYnHbIX TOKYCOB
YCTONYMBOCTY K MUSIABIO, FeH Rpv3, BnepBble Obin onpepeneH B
reHoTHNe CIOKHOIo MeXBIA0BOro rmbpuaa suHorpaga buaxka.
Mo3>ke 6bIN0 YyCTaHOBMIEHO, YTO STOT reH UMEeEeT CeMb rarnoTMMNoB
YCTOMYMBOCTU, HacelyeMbIX OT CeBepOaMepPUKaHCKNX BULOB
BMHOrpaAa; naeHTMGpMLMPOBaTb aNNeNbHOe COCTOAHME reHa
MOXHO ¢ nomoubto HK-mapkepos UDV305 n UDV737.B

OfIHOW [VNNOVAHON popMe MOTyT ObITb 06 BEANHEHDI TOJTIBKO

ABa rannotuna. C uenbto onpegeneHns reHa Rpv3 B reHopoHae
BMHOrpaja C 1Crosib30BaHNeEM YKa3aHHbIX MapKepOB HamMu
npoBeAeHO n3yyeHune 35 reHOTUMOB Pa3IMYHOrO MPOUCXOXKAEHNA,
60MbLIVHCTBO U3 KOTOPbIX — MEXBUAOBbIE copTa. Tpu copTa,
annenbHoe coCTofiHMe reHa Rpv3 B KOTOPbIX U3BECTHO,

6bINK BKIIOYEHbI B CCNIeAOBaHNE B KauecTBe pedepeHCHbIX
reHoTunos: [lyHaBcku nasyp, Hoa, Ceins Bunnap 12-375. Pabota
npoBefeHa MeTOAOM NONMMEPa3HON LIeMHON peakumm ¢
paspeneHnem NpoayKToB aMnandrKaLuum METOAOM KanuiaispHOro
anekTpodopesa Npu NCNoNb30BaHNN aBTOMATUYECKOTO
reHeTnyeckoro aHanmsaropa ABI Prism 3130. B uccnepyemonm
Bbl6OpKe COPTOB BUHOMPaAa, COrMacHO AaHHbIM MPOBEAEHHOrO
[HK-mapkepHoro aHanu3sa, reH Rpv3 onpepfeneH Bnepsbie B

16 reHOTUNAX MEXBWAOBOIO MPONCXOXKAEHUA, B TOM uncne B AHK
12 copToB ngeHTUdMUMpPOBaH rannotun Rpv32°9-27°, s Tpex —
Rpv3321-312 g ogHoMm copTe BbisiBNeH rannotun Rpv3™-27! B 6onb-
LUIMHCTBE NAEHTUGULMPOBAHHBIX HAMW FEHOTUMOB, HECYLLNX Rpv3,
noHopom reHa aBnAetca Ceis Bunnap 12-375. Copta BMHOrpaga,
B KOTOPbIX 6bIN NAEHTUPMLMPOBAHDI rannoTunbl Rpv3,
onpegenaioLne yCTONYMBOCTb, XapakTepur3yoTCA BbICOKUM M
MOBbILUEHHbIM YPOBHEM YCTONYMBOCTY K MUNAbIo. MNonyyeHHble
faHHble MOTyT ObiTb MOMIE3HbI B CENEKLUN YCTONUNBbBIX COPTOB
BMHOrpaga npuv nogbope nap ana rmbpuamsaymn.

KntoueBble cnoBa: BUHOrpag; yCTOMUMBOCTb K MUNAbIO; reH Rpv3;
rannotun; AHK-mapkepbl; MexxBuaoBble rmopugb.



destructive fungal diseases in the grapevine, caused

by oomycete Plasmopara viticola Berl. et de Toni. The
pathogen affects only the vine developing in its every green
organ: leafs, shoots, inflorescences, grapes and tendrils. In
favorable conditions such as warm temperature and excessive
humidity, mildew may cause harvest failure from 50 to 100 %
in different grape varieties (Talash, 2010).

Cultivation of resistant varieties remains one of the most
effective methods of disease control that allows one to reduce
the amount of pesticide sprayings, and in this way improves
the ampelocenosis, food safety and harvest of grapes.

The success of such cultivation is rooted into the genetic
diversity of a culture and in many ways is determined by
the level of knowledge about an accumulated genetic pool.
Identification of the genotypes to serve as resistance donors
has been one the topical issues in the science of selection.
Being the foundation of high-quality vine growing cultivars
Vitis vinifera have almost no genetic resistance to Plasmopara
viticola, while downy mildew — resistant genotypes belong
to vine species from North America and Asia (V. aestivalis,
V. berlandieri, V. cinerea, V. riparia, V. rupestris, etc.) as well
as to Muscadinia rotundifolia (Alleweldt et al., 1988; Wan et
al., 2007).

Molecular genetic methods are widely applied these days
for identification and mapping of valuable genes, gene- pool
diversity analysis, and DNA-marker selection in different
breeding programs. The methods have made it possible to
determine around 20 mildew-resistant loci in a vine genome
(http://www.vive.de). Many of them have been mapped
and given names with their linked DNA-markers identified
including those appropriate for DNA marker selection
(Eibach et al., 2007; Di Gaspero et al., 2012; Schwander et
al., 2012; Venuti et al., 2013; Zini et al., 2014; Ochssner et
al., 2016).

The Rpv3 gene, one of the major loci of resistance, was
detected for the first time and mapped at chromosome 18
in the genotype of a complex interspecies hybrid Bianca
carrying the geneplasm of V. vinifera, V. labrusca, V. rupestris,
V. berlandieri, V. lincecumii (Bellin et al., 2009). Later, in
the course of a large-scale study into the North American
species and varieties carrying Rpv3, one detected the seven
conservative haplotypes of this gene responsible for mildew
resistance (Di Gaspero et al., 2012). As the mentioned
haplotypes were not found in V. vinifera, the authors came to
the conclusion that Rpv3 could be found in the varieties, whose
pedigree had several North American species. The valuable
haplotypes localize in a single locus, that is why in case of
traditional breeding, only two haplotypes can be combined
in a single diploid cell.

The performed studied have resulted in determination
of tightly linked flanking microsatellite markers to identify
such Rpv3 gene haplotypes as UDV305 and UDV737
(Di Gaspero et al., 2012). The resistant haplotypes of the
Rpv3 gene corresponds to the following allele states of the
abovementioned loci (UDV305, UDV737, respectively):
Rpv3299-279 (inherited from V. rupestris), Rpv3null-297
(V. rupestris or V. lincecumii), Rpv3321-312 (V. labrusca or
V. riparia), Rpv3"™-27\ (V. labrusca or V. riparia), Rpv3361-299
(V. rupestris), Rpv3299-314 (V. rupestris), Rpv3™"2" (V. rupestris
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or V. labrusca). G. Di Gaspero at al. have studied more than
200 grapevine varieties to determine their genotypes and
stable Rpv3-bearing haplotypes, so their data can be used
in screening for hybridization pairs in breeding of downy
mildew-resistant cultivars.

The objective of the presented study was using DNA-
marker analysis for identification of the allele state of the
Rpv3 gene in different vine cultivars, and comparison of the
obtained data against the genotype pedigree.

Materials and methods

The study covered 35 grapevine cultivars from the gene pools
of the Anapa ampelographic collection (Anapa) and the collec-
tion of Ya.l. Potapenko Research Institute of Viticulture and
Winemaking (Novocherkassk). Most of the studied cultivars
were interspecies hybrids, whose parents were North Ameri-
can vine varieties and, based on analysis of their pedigree,
could carry the resistant haplotypes of the Rpv3 gene. In the
geneplasm of the studied cultivars — potential carriers of the
studied gene — were present V. riparia, V. labrusca, V. aes-
tivalis, V. rupestris, V. berlandieri, V. lincecumii. The study
also covered a number of genotypes that should have no Rpv3
gene such as Vitis vinifera and its hybrids with V. amurensis.

The vines’ DNA was extracted from leaves using the CTAB
method (Rogers, Bendich, 1985). The genotypes were deter-
mined using polymerase chain reaction (PCR) and the DNA-
markers recommended for identification of the alleles of the
Rpv3 gene (Di Gaspero et al., 2012). PCR was performed in
a finite volume of 25 pl following the standard protocol and
using the Sintol reagent kit (Moscow, Russia). DNA ampli-
fication was performed in Eppendorf MasterCycler Gradient
Thermal Cycler (Germany) with the following protocol for
every DNA-marker: 5 minutes at 95 °C for initial denaturation
followed by 35 cycles (10 seconds for denaturation at 95 °C,
30 seconds for annealing the primers at 55 °C, 30 seconds
for synthesis at 72 °C, and 3 minutes for the last cycle of
synthesis at 72 °C). The reaction products were separated
using capillary electrophoresis, and the size of the amplified
fragments was estimated with the ABI Prism 3130 automatic
genetic analyzer using software packages GeneMapper and
PeakScanner. The DNA of the Dunavski lazur, Seyve Villard
12-375 and Noah varieties with known allele sizes for the
studied loci (Di Gaspero et al., 2012) were used as controls
to specify the sizes of the amplified fragments.

The molecular genetic study was carried out using the
equipment provided by Shared Equipment Center “Genomic
and Postgenomic Technologies” of North-Caucasian Federal
Scientific Center of Horticulture, Viticulture, Winemaking.

Results and discussion

The performed study determined the allele state of downy
mildew-resistant gene Rpv3 in the genotypes of 35 vine
cultivars (Table). The gene’s resistant haplotypes were
identified in 19 varieties: Dunavsky lazur, Noa, Seyve Villard
12-375, Dekabrskiy, Dunavska gymza, Original, Talisman,
Kutuzovskiy, Kodryanka, Rusbol, Storgoziya, R65, Kishmish
342, Srebrostrui, VIII,-2-48, Armalaga, Poliuks, Podarok
Magaracha, Melody (Figure).

In the studied sample haplotype Rpv32°9-279 occurred more
often than others: it was detected in 14 genotypes (see Table).

Plant breeding for immunity and performance



[HK-guarHoctuka reHa RPV3, onpepensatoLero
YCTONUMBOCTb BUHOTPaja K BO30yauTesNo Muigbo

In 12 cultivars this haplotype was indentified for the first time.

Haplotype Rpv3321-312 was for the first time identified in
three cultivars: Armalaga, Poliuks and Podarok Magaracha.
DNA-marker analysis identified hyplotype Rpv3™l-271 only
in the melody species. The Noah variety that we used as
one of the reference genotypes, also carried Rpv3321-312and
Rpy3null-271,
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According to the published data, haplotype Rpv3299-279 we
identified in cultivars Dekabrskiy, Dunavska gymza, Original,
Talisman, Kutuzovskiy, Kodryanka, Rusbol, Storgoziya, R65,
Kishmish 342, Srebrostruy, VIIL-2-48, is inherited from the
geneplasm of V. rupestris. In the analyzed sample of grapevine
cultivars six genotypes carrying Rpv32%9-27% out of twelve
inherited the resistant allele directly from their parent variety

Results of analysis of vine genotypes of different origin for the SSR loci UDV305

and UDV737 linked with downy mildew-resistant gene Rpv3*

Species (variety) Origin

Noah Vitis riparia x Vitis labrusca
Seyve Villrd 12-375 Seibel’ 6468 x Seibel’ 6905
Dekabrskiy Korna niagra x Seyve Villard 12-375

UDV305 ubv737
A||e|e5|ze,bp ...................................
................................................................. 2 99326279295
................................................................. 3 210271312
................................................................. 2 99361279299
................................................................. 2 99279285
................................................................. 2 99279293

Original Damasskaya roza x Seyve Villard 20-365 299 322 279
Ta| |5man .............................. Fru moassaalbax Vostorg ................................................................................................. 2 99 ......... 3 26 ......... 2 79 ......... 2 95 .......

Kutuzovsk.y ........................ M oldav5k|y><seyvev|||ardzo365 ................................................................................... 2 99 ........................ 2 79 ......... 2 85 .......

KOdryanka .......................... M o| dova XMarSh a |5k |y ..................................................................................................... 2 99 ........................ 2 79 ......... 2 35 .......

Ry5b0| ................................. s eyve v|||ard1 . 2375>< sverkhran my bessemyanmy ...................................................... 2 99 ........................ 2 79 ......................

Storg oz.ya ........................... ( Maerd >< P| n Ot no|r)>< 5 e y V e . v|||a rd123 7 5 ................................................................. 2 99 ........................ 2 79 ......... 2 95 .......
RS Zala dyoengye x (Gloria x Koroleva vinogradnikov) x Muscat zimniy 299 279 289

Srebrostruy Rkatsitely x Seyve Villard 299 326 279 295
V248 Moldova x {Pobeda x [Katta-Kurgan x (Kishmish rozoviy x Kishmish beliy)l} 209 79
Arm a|aga ............................ ( Arm|on g Xma | a g a) ........................................................................................................... 3 21 .......... 3 34 ......... 2 71 .......... 3 12 .......
Poliuks Oberlen 595 (V. riparia x Game cherniy) x Foster white seedling - 20 321 312
Podarok Magar acha ........... R kats|te|y><1v| agarach 25772 ......................................................................................... 3 21 ......................... 2 97 ......... 3 12 .......
Me|ody ................................ 5 eyvalblanchenevaWh|te5(Pmotblanchntano) ................................................. 0 ............................ 2 71 .......................
Vesta (Avgusta x V. amurensis) x (Kentavr magarachskiy x Levokumskiy) | 231 285 203 297
B 72 .................................... Vms v m,fera >< V, t[slabru sca ............................................................................................... 0 ............................ 2 95 ......... 3 12 .......
‘Doyna | Korna niagra x (Cabernet Sauvignon x Seyve Villard 23-657) | 2 279 285
Ya| o V ensk.y . s to|ov| y .......... |chk|mar xseyve v|||ard20366 ....................................................................................... 2 99 ........................ 2 81 .......... 2 95 .......

Agada| ................................. Loca| C u |t|varof Da ge Stan v,t,s V m, fe,a ........................................................................... 3 26 ........................ 2 89 ......... 2 95 .......

A|fa ...................................... v,t,s v m,fem >< v, m”pana .................................................................................................. 2 96 ........................ 2 35 ......... 3 03 .......

Antans ................................. s apera v. >< T5|m|ya ns k.ychem |y ...................................................................................... 3 26 ........................ 3 01 .......... 2 95 .......

G ra n atowy .......................... 5 apera v. >< Cabemet 5 a u v.gnon ....................................................................................... 2 54 ........................ 2 83 ......... 2 35 .......

G o| u bok .............................. 5 everm y >< (v.sh nyov | y + Od essk.yra nmy + 11 7 54) .................................................... 322 ........................ 2 35 ......... 2 95 .......

Dm .tn y ................................ v arou SSEt >< Granatov | y ..................................................................................................... 2 54 ........................ 2 85 ......... 2 95 .......
Dostoyniy | Phillokseroustoychiviy Dzhemete x Muscat Gamburg | 320 293 205
Krasnostop AZOS | Phillokseroustoychiviy Dzhemete x Krasnostop anapskiy 30 293 205
Muro mEtC ........................... 5 evem. yxpobed a ............................................................................................................. 342 ........................ 2 85 ......................
Pomor.y5k| b.5er ................ M |5ke t Cherv e n xseyvevn |ard . 1 237 5 ............................................................................ 300 ........................ 2 93 ......... 3 01 ........
Cvetoc h my ......................... s evem. y >< po| |en . o fMuscatcu |t|v a rs .............................................................................. 322 ......... 3 33 ......... 2 85 ......................
F. O |etov| y ra n my ................ s evem.y X Muscat Gam bu rg ............................................................................................ 300 ........................ 2 93 ......... 3 01 ........

* Data for the identified alleles are presented in a way chosen by G. Di Gaspero et al. (2012).
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Visualization of the results of PCR - product fragment analysis with the
UDV737 marker of the Storgoziya cultivar.

Seyve Villard 12-375. These were cultivars Dekabrskiy,
Dunavska gymza, Rusbol, Storgoziya, Kishmish 342, and
Srebrostruy. The Seyve Villard series are complex interspecies
hybrids that are often used in grapevine breeding as resistance
donors, and Seyve Villard 12-375 is one of the most known
hybrids in the series that carry the geneplasm of V. vinifera,
V. labrusca, V. rupestris, V. berlandieri, V. lincecumii.
In the Kodryanka and VIII,-2-48 varieties, haplotype
Rpv3299-279 ig inherited from parent variety Moldova
(Guzal’ kara x Seyve Villard 12-375), which means in this
case Seyve Villard 12-375 has also served as a gene donor.
According to the pedigree of R65 (Zala dyoengye (Seyve
Villard 12-375 x Jemchug Saba) x (Gloria x Koroleva
vinogradnikov) x Muscat zimniy) the resistant allele was
inherited from Seyve Villard 12-375. However, Seyve Villard
12-375 is also considered one of the parents of the Pomoriyski
biser variety, which carries no Rpv3 gene haplotype making
it resistant to downy mildew.

In the genotype of the Talisman cultivar, the resistant allele
was inherited from the Frumoassa alba variety, whose parent is
Seyve Villard 20-473. Seyve Villard 20-365 served as a gene
donor in varieties Original and Kutuzovskiy.

It is considered that resistant haplotype Rpv3™!-?"! initially
originated from either V. labrusca or V. riparia. This is the
haplotype we identified in American variety Melody. In the
beginning, when analyzing its pedigree (Seyval blanc x Geneva
white 5 (Pinot blanc x Ontario)) for its inclusion as a potential
gene donor we assumed Seyval blanc (another name of Seyve
Villard 5-276) to be the resistivity donor since its genetic
formula contained V. rupestris and V. aestivalis. However, if
we assume that Rpv3™!-27! ig inherited either from V. labrusca
or from V. riparia, the indicated resistance allele in Melody
can be inherited from Ontario (25 % V. vinifera + 75 %
V. labrusca).

Haplotype Rpv3**'*12 was identified in cultivars Armalaga,
Poliuks and Podarok Magaracha. The published data indicate
the source of this resistant haplotype to be either V. labrusca
or V. riparia. In variety Armalaga, Rpv332!-312 was inherited
from V. labrusca, and in Poliuks — from V. riparia, which is
confirmed by their pedigrees. Meanwhile, the pedigree of
Podarok Magaracha remains an open issue. One of the parent
varieties it inherited its mildew resistance from was probably
Magarach 2-57-72 (Mtsvane x Sochinskiy cherniy). The
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Sochinsky cherniy first discovered by P.Ya. Golodriga in the
outskirts of Sochi has been lost and its exact genetic origin
remains unknown, but its high resistance to fungal pathogens
it transfers to its descendants makes it possible to classify it as
an interspecies hybrid. The data we collected during the study
allow us to assume that the pedigree of this species included
either V. labrusca or V. riparia.

Conclusion
The presented study analyzed 35 vine genotypes of different
origin to identify the presence of downy mildew-resistant
gene Rpv3 using DNA markers UDV305 and UDV737. The
analysis identified the Rpv3 gene in 19 grapevine cultivars,
including 3 varieties, in which the presence of the gene
had been confirmed earlier. The abovementioned markers
allow one to identify a certain haplotype of the Rpv3 gene.
That way, for the first time, haplotype Rpv32°°-279 has been
detected in 12 interspecies varieties; Rpv3321-312 — in three
varieties; and Rpv3™!-271 —in one variety. For the first time,
the presence of the Rpv3 gene has been confirmed for such
grapevine cultivars as Dekabrskiy, Dunavska gymza, Original,
Talisman, Kutuzovskiy, Kodryanka, Rusbol, Storgoziya, R65,
Kishmish 342, Srebrostruy, VIII,-2-48, Armalaga, Poliuks,
Podarok Magaracha and Melody. All the genotypes with
Rpv3 are characterized by high or increased level of downy
mildew resistance, which has been confirmed by the results
of perennial observations (Petrov, Talash, 2010; Troshin,
Radchevsky, 2010). The performed DNA analyses has also
allowed us to assume that the parent varieties of Podarok
Magaracha, whose pedigree remains unclear, are interspecies
varieties carrying the geneplasm of either V. labrusca or
V riparia.

The results obtained can be used for selection of initial
varieties to breed cultivars resistant to downy mildew.
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