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VccnenmoBaHye KOMJIEKIIMIOHHBIX 00pa3iioB KapTodens
Ha HaJn4ylie reHeTUYeCcKxX MapKepoB
VCTOMUMBOCTU K QUTOIIaTOreHaM

A.B. Caitnaxosa! @, M.C. Pomanosa!, C.H. Kpacunkos!, O.B. Autunuyx!, .11 Aaexcees? 3, A.B. Huxyaun?, E.B. Tepentnesa® >

T CUBMpPCKIiI HaYUHO-UCCNE0BATENbCKUI UHCTUTYT CENbCKOTO X03AIMCTBa 1 Topda — dprnmran CBUPCKOro deaepanbHOro HayYHOro LieHTpa
arpobuoTtexHonoruin Poccminckor akagemmm Hayk, Tomck, Poccus

2 BcepoCCUCKiin HayYHO-CCIEA0BATENbCKUM MHCTUTYT CEbCKOXO3ANCTBEHHOM BroTexHoorn, Mocksa, Poccus

3 000 «CuHTon», MockBa, Poccus

Co3pfaHuie ycToNUmMBbIX K prTONaToreHam COpToB — Hanbonee Hagex-
HbI 1 SKOHOMUYHbIN CNOCO6 CHKEHUA NOTEPb YPOXKANHOCTY Kap-
Todena. BoiBeieHMe TaKMX COPTOB BO3MOXKHO NPY NCMONb30BaHN

B Ce/IeKLMOHHON paboTe reHeTuYeCKnX NCTOYHNKOB YCTONUYNBOCTM.
MpumeHeHne OHK-MapkepoB Ana ngeHTndUKaLmm LeHHbIX reHOTK-
noB, B TOM yuncsie GOpM C HECKONbKMMM reHamMmn YCTOMUYMBOCTM, MO3BO-
NAET CYLECTBEHHO NOBbICUTb SPEKTUBHOCTL cenekumn. Paspabotka
TexHonornn mynstunnekcHown MNLP pna ogHoBpemeHHOro TecTnpoBa-
HUA COPTOB U CENTEKLMOHHBIX IMHWNI MO HECKONBbKUM FreHaM, KOHTPO-
NNPYIOLWMM YCTONYMBOCTDb K BUPYCaM M HeMaToAaMm, ABNAETCA HOBbIM
nogxofom B ucrnonb3osaHum JHK-mapkepos. Lienib paboTbl: CKPUHUHT
meTogom mynstunnekcHow MNLP o6pasLoB KapTodpena konnekuun
Hapbimckoro otaena cenekumm n cemeHoBoactsa CUOHUNCXuT —
¢dunmnana COHLA PAH Ha Hannyve reHoB YCTOMYMBOCTU K 305710TUC-
Tol 1 6neaHON HemaTodaMm, paKy, a Takxe Bupycam X u Y. MposeseHa
oueHKa 40 06pasLoB Ha MPUCYTCTBUE B FeHOME reHOB YCTONYNBOCTN
K paKy kapTodens (SenT), k Bupycy X (Rx), supycy Y (Ryadg, Rychc,
Rysto), 3onoTucTon uMcToobpasyoLlein KaptodpenbHom HemaToe

(H1, Gro1-4), 6negHoli kKapTodenbHol HemaTofe (Gpa2) ¢ NoMOoLLbio
reHeTUYeCcKnx MapkepoB.. B BbiGopKy Bowwnu 2 copTa, 3 nonynauyumu,
nosyyeHHble OT cCaMoonblieHUa copTa Maean, n 35 nHameBuayanbHoO
oTobpaHHbIX rmbpraos KapTodena. B pesynbrate nccnefgoBaHna map-
kep NL25 (reH SenT) obHapy»xeH y 19 obpa3uos; mapkep PVX (reH Rx) —
y 13 06pas3uos; mapkep RYSC33'? (ren Ryadg) - y 10 06pa3LoB; map-
Kep YES3-3A3* (reH Rysto) - y 5 06pa3uos; Mapkepbl TG 689147, 57R*0,
N19533(ren HT) - y 12 06pa3uoB; mapkep Gro1-4-1%92 (ren Gro1-4) —

y 6 06pa3uoB; Mapkep Gpa2-2*2 (reH Gpa2) - y 13 o6pa3uos. Mo kom-
nneKcy X03aMCTBEHHO MOJIE3HbIX MPU3HAKOB BblgeNnsca obpasely
C-31-15, obnagatoLwmin BbICOKMMYM MOKa3aTeNsAMMN YPOXKanHOCTU 1
KayecTBa 1 ABNAOLWNIACA HOCUTENIEM FreHEeTUYECKNX MapKepOB YCTOM-
ymBocTU K Bupycam X (Rx), Y (Rysto), 3onot1cTton unctoobpasytolei
KapTodenbHol Hematope (H1, Gro1-4), 6negHon Hematoge (Gpa2).

KntoueBble cnoBa: KapTodesb; cenekums; KonnekLMoHHble 06pasLbl;
reHbl yctonumsoctu; AHK-mapkepbl.
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samples for the presence

of genes for resistance

to phytopathogens by means
of DNA markers

A.B. Saynakoval@, M.S. Romanoval,
S.N. Krasnikov!, O.V. Litvinchuk?,
Ya.l. Alekseev? 3, A.V. Nikulin2, E.V. Terentjeva2 3

1 Siberian Institute of Agriculture and Peat Research —

the Branch of the Siberian Federal Agricultural Biotechnology
Science Center RAS, Tomsk, Russia

2 All-Russia Research Institute of Agricultural Biotechnology,
Moscow, Russia

3 Limited Liability Company Syntol, Moscow, Russia

The development of phytopathogen-resistant variet-
ies is the most reliable and economic way to reduce
potato yield losses. Breeding of such varieties is pos-
sible by using genetic sources of resistance. The use of
DNA markers for identification of valuable genotypes,
including forms with several resistance genes, makes
it possible to significantly improve breeding efficiency.
The development of a multiplex PCR technique and
using it to simultaneously test varieties and breeding
lines for several genes that control the resistance to vi-
ruses and nematodes is a new approach to using DNA
markers. This study is aimed at screening samples from
the collection of the Narym Department of Breeding
and Seed Production of the Siberian Research Institute
of Agriculture and Peat (the Branch of the Siberian
Federal Agrobiotechnology Research Center, the Rus-
sian Academy of Sciences) using the multiplex PCR
technique, for genes for resistance to Globodera rosto-
chiensis and Globodera pallidas, potato wart disease,
viruses X and Y. 40 samples were tested by means of
genetic markers to identify genes for resistance to
potato wart disease (Sen1), virus X (Rx), virus Y (Ryadg,
Rychc, Rysto), Globodera rostochiensis (H1, Gro1-4) and
Globodera pallida (Gpa2), in the genome. The sample
included two varieties, three populations produced by
self-pollination of the Ideal variety, and 35 individu-
ally selected potato hybrids. As a result, we identified
marker NL25 (SenT) in 19 samples; marker PVX (Rx) in
13 samples; marker RYSC33'2 (Ryadg) in 10 samples;
marker YES3-3A34! (Rysto) in 5 samples; markers
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TG 689'1, 57R*°, N195337 (H1) in 12 samples; marker
Gro1-4-192 (Gro1-4) in 6 samples; marker Gpa2-24>2
(Gpa2) in 13 samples. In terms of economically valu-
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KAK UUTUPOBATb 3TY CTATbIO:

able traits, sample C-31-15 is noted for high yield and
quality indicators. It carries genes for resistance to
potato virus X (Rx), Y (Rysto), Globodera rostochiensis
(H1, Gro1-4), and Globodera pallida (Gpa2).

Key words: potatoes; breeding; collection samples;
resistance genes; DNA markers.
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aproens — BayKHEHIIast CeITbCKOX035HCTBEHHAS KyIIBTY-

Ppa, KOTopasi XapaKTepU3yeTcst OOIBIION aIaNTHBHOCTBIO,

IJIACTUYHOCTBIO U HOTeHLlPIaJ'l]:HOﬁ MMPOAYKTUBHOCTBIO.
BoznensBaetcst B 130 cTpanax mupa, 11t Poccnn siBisiercs
CTpaTernuecKuM MPOAYKTOM. DTO OJHA M3 Hamnboiee mopa-
JKaeMbIX 0OOJIE3HSIMU U BPEIUTENSIMU KyJIbTYp. B Hactosee
BpEMs HACIUTHIBAIOT 0KoJto 30 HanboIee pacpoCcTpaHeHHBIX
OonesHel kaproderns, eXXeroaHsle MoTepu ypoXkasi OT KOTO-
poix coctaBisitoT 10-60 % (Ky3uenosa, 2007). IlocTostHHBIM
(hakTOpPOM, CHIDKAIOIINM ypoxKail KapTrodes, IBiseTcs pas-
BUTHE BUPYCHBIX OOJIE3HEH, TPUBOJISIIIUX K €0 BHIPOKACHHMIO.
CosnaHue CopToB KapToderis, yCTOMYMBBIX K (PUTOMATOrCHAM,
HanOoJiee HAIEKHBIH M DKOHOMHYHBIH CIIOCOO CHMKEHHUS
MOTEPh YPOXKAHHOCTH.

Ha teppuropuu Poccuiickoit denepanuu kK 00beKTaM
BHYTPEHHETO M BHEIIHEr0 KapaHTHHA OTHOCATCSA TOJIBKO
JBa BO30ynuTens 3aboseBaHui Kaprodens — Synchytrium
endobioticum (Schilb.) Perc. (pak kaprodeins) u Globodera
rostochiensis (Wollenweber) Behrens (3o050TrcTast IucToo0-
pazyromas kaprodensHas Hemarona — 3KH) (HanmonansHbrit
nmokian, 2017). Bei3siBacMmble ©Mu 00JIE3HH PacIpOCTpa-
HeHBI B OonmpmuHCcTBe cTpaH mupa (EPPO, 2003, 2014;
CABI/EPPO, 2011, 2015). B HacrosIiee BpeMst BEIIBICHO
43 maroruna Bo30yauTens paka kaprodens U 5 maToTUIIOB
3KH. Ha tepputopun PO obGHapyxeH Tompko nepsbrif (D1)
naroTun Bo30yaurens paka u Rol marorun 3KH (Muponenko
u ap., 2009; Limantseva et al., 2014). baeanas kaprodenbHas
Hemarona G. pallida (Stone) Behrens Ha Teppuropun PO e
BeisiBiieHa (Limantseva et al., 2014), xota B cTpanax EBpo-
MEefCKOro Cor3a BCTPEUaeTCs MOBCEMECTHO. XUMUYECKHX
cpeacTB OOPHOBI MPOTUB ATUX BO3OYAMTENEH HET, TTOATOMY
OCHOBHBIM CIIOCOOOM 3aIUTHI SBISCTCS BO3/CIBIBAHUE YyC-
TOWYMBBIX cOpTOB Kaprodeins. Obs3arenbHoe TpeboBaHue
JUTS| BKITIOUEHHS B PEECTP CENEKIIMOHHBIX JOCTHKEHNI HOBBIX
COPTOB KapTodest — yCTOHYMBOCTH K BO3OYAUTEIIO paKa.

TpamuunoHHas cxema celeKIuu kaprodens ocHOBaHa Ha
(heHOTHTTHYECKOI OIIeHKE M 0TOOpe 00pas3IoB, COOTBETCTBY-
IOIIMX MOZIETH copTa. [IpoaomKUTEIbHOCTh CENEKIUN OT
r1/16p1/1111/13au141/1 A0 nepeaadyn NnepCreKTUBHLBIX HOMEPOB Ha
TOCY/IapCTBEHHOE COPTOMCIIBITAHHE COCTABISIET Oonee jae-
CSITH JIeT. VIcronb30BaHUE B MCCIICAOBAHUAX JIOCTHIKECHUH
MOHeKyﬂﬂpHOﬂ TCHCTUKU MTO3BOJIAECT COBPEMEHHBIM YUCHBIM
CO37aBaTh HOBbIE TeXHOJOTrHH ceieknnu (CuMakoB u fap.,
2006; Milbourne et al., 2007; Carputo, Frusciante, 2011; Slater
et al., 2014; Mori et al., 2015).

MHorne CeneKIMOHHO LIEHHbIE NMPHU3HAKN KapTodens, B
TOM 4HCJIE YCTOMUMBOCTH K BupycaM X, Y, S, BUpyCy CKpy-

leHeTVKa 1 cenekuus Kaptodens

ynBaHus rucTheB KapTodens (BCIIK), muecroobpasyrommm
HEeMaro/aM, paKy, IMEIOT MOHOT€HHO-/TOMUHAHTHYIO TPUPOTY
(Pocc, 1989).

[TpumeneHne MapKkepoB It HACHTH()UKAINY [IEHHBIX Te-
HOTHIIOB, B TOM YHCIIE )OPM C HECKOIBKUMH T'€HaMH yCTOMN-
YUBOCTH, NO3BOJIACT CYHICCTBEHHO ITOBBICUTH 3(1)(1)CKTI/IBHOCT]:
orbopa Ha paHHUX dTanax ceneknun (Gebhardt et al., 2006;
Simko et al., 2007; Gebhardt, 2013; Slater et al., 2013). Ho-
BBIM OJIX0/I0M B Hcnonb3oBanuu JJHK-MapkepoB siBisieTcst
pa3paboTka TexHomoruu mynasrutuiekcHoi TP mist omHo-
BPEMEHHOTO TECTHPOBAHUS COPTOB U CEIEKIIMOHHBIX JIMHUH
10 HECKOJIbKMM I'€HaM, KOHTPOJIMPYIOIUM YCTOMYUBOCTh
K BUpycaMm u HematomaMm (Mori et al., 2011; Asano et al.,
2012; Slater et al., 2013; Buprokosa u np., 2016, 2017). 310
BO MHOTO Pa3 yBEIUYUBAET PE3yJIbTAaTUBHOCTh MapKeP-KOH-
Tponmpyemoro otbopa (marker-assisted selection — MAS) n
MOBBIIIACT HAJECKHOCTh TECTUPOBAHUS, TaK KaK OOBIYHO B
YHUCIIO aMILTH(GUIUPYyeMbIX (pparMeHTOB BXOJUT KOHTPOJIb-
ueii [TLP-poayKT, IpHCYTCTBYIOMNH y BCEX 00pa3IoB, 4TO
MHUHUMH3HPYET JOKHOOTPHUIATENILHBIE Pe3yabTaThl (XIOTTH
u ap., 2017).

Hambornee n3BecTHBI B TOM HarnpaBleHHH pabOThI STOH-
CKHX YYCHBIX. JTO CHCTEMa JUIS BBISBICHHSI MapKEpOB psijia
R-reHoB, onpeaesomuX yCTOWYMBOCTh K OCHOBHBIM I1aTO-
reHaM KapToderns: Bupycam X (mapkep PVX) n Y (mapkep
Ry186), x Globodera rostochiensis (Wollenweber) Behrens
(mapkep N146) u pace 1 Phytophthora infestans (Mont.)
de Bary (mapkep R1) (Mori et al., 2011). pyras cucrema
(mapkepst N146, N195, Gpa2-2 n Grol-4-1) mo3BomsieT oxHoO-
BPEMEHHO IIPOBOIUTEL CKPUHUHT Ha IIPUCYTCTBUE BCEX OCHOB-
HBIX T€HOB YCTOWYMBOCTHU K IIUCTOOOPA3YyIOIINM HEMATOIaM
(Asano et al., 2012).

Jliis pa3BUTHS CEJCKIMU KapTodessi OONbIIOe 3HAUCHHE
MMEET CKPUHHUHT COPTOB M MCXOIHBIX POJUTENBCKUX (hopm
Ha HaJIMYKME TeHOB YCTOMYMBOCTH K OOJIE3HSAM U BPEIAUTEISIM
(buptokoBa u ap., 2015; Auronosa u ap., 2016; Epmuiun
u ap., 2016). MonexkynsapHO-TeHeTHUECKasi XapaKTepUCTHKA
rHOpHIOB KapTOQes, UCIIOIb3yEMbIX CENCKIHOHEpaMH B
KayecTBe JIOHOPOB YCTOWYMBOCTH K HanOo0JIee BPEJJOHOCHBIM
TaToTeHaM, JieaeT 6osree 000CHOBaHHBIM OO0 POIUTEb-
CKHUX Tap JUIs CKpelinBaHus. Bosieuenne B rubpuamnsaruro
IeHETHYECKN Pa3HOOOpa3HbIX MCTOYHUKOB IO3BOJISIET CO-
4YeTaTb B THOPUIHOM ITOTOMCTBE BBICOKYIO U CTAOMIIbHYIO
YCTOWYMBOCTH K OCHOBHBIM (DPUTOINATOTCHAM C KOMILIEKCOM
XO3SIMCTBEHHO ICHHBIX MTPU3HAKOB.

enb pabOTH — CKPHHUHT METOIOM MYIbTHILTIEKCHO# TP
00pa31oB KoyuteKuy HapbIMcKoro oT/iena ceJeKnum 1 ceMe-
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Testing potato samples for the presence of genetic
markers of resistance to phytopathogens

HOBOncTBa Crbupckoro HUU cenmbckoro xo3siicTa u Topdha
(CuoHNUCXuT) — punnana COHIIA PAH Ha Hanuuue reHoB
YCTOMYMBOCTH K 30JIOTUCTOHM M ONeHONW HEMAaToaaM, paxy,
X- u Y-Bupycam kaproders.

MaTepmanbl n metoabl

Marepuanom 1t HccienoBaHus ey ki 40 00pa3noB Kap-
To(ers U3 KOJUIEKIIMOHHOTO MUTOMHUKA HapbiMcKoro otje-
na ceneknuu u cemenooactea CuOHUMCXuT — ¢unuana
COHIIA PAH. B BBIOOpKY BomLIH 2 cOpTa, 3 TIOMYIISIIH,
MOJTy4YeHHBIE OT caMooMbLIeHUs copra Maean, u 35 unauBu-
JIyaJIbHO OTOOpaHHbBIX THOPUI0B KapTodes.

B rubpunHeIx KOMOWHANMAX HCIIONB30BAINCH copTa Al-
vara, Bora valley, Gala, Kolette, Labadia, Sante, Bukropus,
Wnean, Kanaunar, Kono6ok, JIyrosckoit, Pycckuit cysenup,
Cka3ka, Ymaua, a TaKKe paHee co3naHHble THOpuab! 99-6-10,
128-6, 94.10-20, 1M, 2M, 6M, lc, 2¢. [IpoucxoxaeHue uccie-
JIOBaHHBIX 00PAa3I0B NPUBEICHO B Ta0II. 1.

Mynpsrurmekcnas [P nposenena aiist onpenenenust JJHK-
MapKEPOB BOCBMH I'€HOB (Ta0I. 2), KOHTPOIHUPYIOIIUX YCTOH-
YMBOCTH KapTodesst K HauOoJiee OMacCHBIM ITaTOTeHAM: He-
MaTofiaM — 30JIOTUCTOH nucTooOpasytomiei (G. rostochiensis)
narotumna Rol, Ro4 (reust H1, Grol-4) n onennoii (G. pallida)
naroruma Pa2 (ren Gpa2-2); k Bupycam kaprodens Y (reHbl
Rysto, Ryadg v Rychc) n X (teH Rx1) u K BO3OyIUTEIIO paka
kaprodens (S. endobioticum) natoruna 1 (ren Senl).

s Beigenenust [IHK u3 00pas3ioB roMOreHHU3UPOBATIH
200 mr TKaHM KIyOHS KapTodens B roMmoreHm3aTope Pre-

A.B. Saynakova, M.S. Romanova, S.N. Krasnikov
Q.V. Litvinchuk, Ya.l. Alekseev, A.V. Nikulin, E.V. Terentjeva

cellys 24. JlanbHeliiee BbIJCICHHE POBOIMIH C HCIIOIB30-
BanneM Habopa «I'MO-MaraoCop6» (OO0 «CuuTOM») TIO
CTaHAAPTHOMY INPOTOKOJY C MOMOIIBI0 POOOTH3NPOBAHHOM
craniuu Caspacka-02 (OOO «Cunron», Poccus).

AMITTHUKAIINIO TPOAYKTOB BochMHU peaknuii: RYSC3
(Kasai etal., 2000), Ry186 (Mori et al., 2011), YES3-3A (Song
et al., 2005), TG 689 (Brodie et al., 1999; buprokosa u ap.,
2008), 57R (Schultz et al., 2012), N195 (Asano et al., 2012),
Grol-4-1 (Asano et al., 2012), Gpa2-2 (Asano et al., 2012)
BBITIOJIHSUIA B MYJIBTUILIEKCE C UCIIOJIb30BaHUEM 2.5% peak-
rmonHon cmecu urs [THP M428 (OO0 «Curtomny) (puc. 1)
IO CIIEYIOMIEMY IPOTOKOJTY aMIUTH(UKALIH:

1) 94 °C, 10 mumn;

2) 5 muxiioB — 94 °C, 30 ¢; 68 °C, 30 ¢; 72 °C, 1 muH;

3) 35 nukioB — 94 °C, 30 ¢; 58 °C, 30 ¢;72 °C, 1 mug;

4)94 °C, 30 ¢c; 72 °C, 5 MuH.

AmMmmuukanuio Byx Oojiee IIUHHBIX (parMeHTOB —
NL25 (Hehl et al., 1999) u PVX (Mori et al., 2011) Taxxe
MIPOBOIMIIN COBMECTHO (puc. 2):

1) 94 °C, 10 mus;

2) 5 nukioB — 94 °C, 30 ¢; 68 °C, 30 ¢; 72 °C, 1.5 mumg;

3) 35 nukioB — 94 °C, 30 c; 58 °C, 30 ¢; 72 °C, 1.5 muH;

4) 94 °C,30c¢c; 72 °C, 5 MuH.

[IpoxykTel amMmunuKanuy UACHTHGHUIUPOBAIN C TI0-
MOIIbIO KalMJUISIPHOTO FeHEeTHYeCKoro aHanusaropa «Ha-
HOoop 05» (MHCTUTYT aHANUTHYECKOTO TPUOOPOCTPOCHHUS
PAH). [lns1 aTOTO IpsIMBIE TIpaliMeps! ObLTH ITOMEYEHBI (ITy-
opecteHnTHbME KpacuTeisimu 6FAM miu SR6G (OO0 «Cun-

Ta6mn|.|a 1. I'IpomcxomneHVle KONNeKUMOHHbIX O6pa3L|,OB, NCMOJIb30BaHHbIX ANA reHeTUYeCKOro aHannmsa

Mo BbIABNEHUIO reHOB yCTOVNI/IBOCTVI K ¢I/ITOI'IaTOF6HaM

Ha3BaHue obpasua [MbpngHaa KombuHauus
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MccnepoBaHme 06pa3uoB KapTodensa Ha Hanmume
reHeTMYEeCKMX MapKEPOB YCTONUYMBOCTY K GpuTOnaToreHam
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Ta6nuua 2. R-reHbl 1 JHK-mapKepbl, ICNONb30BaHHbIE ANA UX AVArHOCTUKN

leH Xpomocoma Mpu3Hak

NmmyHwnTeT K YBK

[HK-mapkep (pa3mep JINT. NCTOYHMK

[AVarHoCcTmyeckoro ¢pparmMeHTa)

YctoinumBocTb K G. rostochiensis Ro1, Ro4

Brodie et al., 1999;
buptokosa u gp., 2008

L LD

MHTEHCMBHOCTb
curHana, OED

el

. i

200000 === xsxam s m s

4._|L Ll . 1 |

TG 689 (141 n.H) |
1

N195 (337 n.H.)
RYSC3 (321 n.H.)
000 YES3-3A (341 n.1) 2000 57R (450 n.H.)

? Ry186 (587 n.H.)

Gro1-4-1 (602 n.H.)
Bpewms, c

3000
Gpa2-2 (452 n.H.)

Puc. 1. XpomaTorpamma nonoXXuTesibHOro KOHTpons Bocbmu peakuuit (RYSC3, Ry186, YES3-3A, TG 689, 57R, N195, Gro1-4-1, Gpa2-2).

WHTeHcmBHOCTb curHana, OED

BO0OOQ =+
200000 = -7+ +-e7 s

100000 = -+

NL25 (1200 n.H. 1 1400 n.H.) PVX (1 230 n.H.)
Bpewms, ¢

Puc. 2. XpomaTtorpamma nonomnTesibHOro KOHTponsa Apyx peakumi (NL25, PVX).

To»). KanmuuispHelil 37eKTpodope3 UMEET BBICOKYIO pas-
PEIIaloNIyIo CIIOCOOHOCTH, YTO MO3BOJISIET HICHTH(UITPO-
BaTh OJM3KHE TO JUTMHE (parMeHTHl, B TOM YHCIE 3a CUET
MCIIOJIb30BaHHUS PA3IMYAROIIUXCS 110 CHIEKTPY (hiryopodhopos.
[Tomy4yeHnHble NaHHBIE aHAJIN3UPOBAIN C UCIIOJIB30BAHUEM
nporpammsl «/IHK ®@parmenTusiii anammz» (MAIT PAH).

Pesynbrathl n 06CyKaeHMEe

CkpunuHr 40 06pa3noB kapToderst, TPOBEICHHBIN METOIOM
mynbruiuiekcHor [TLP, BrIssBUI B McclieoBaHHOM Habope
COPTOB M THOPHUIIOB TEHOTUIIBI C Mapkepamu reHoB H1 u Gpa2,
KOHTPOJIMPYIOIINX YCTOHYMBOCTD K 30JI0THCTON IUCTOOOpasy-

leHeTVKa 1 cenekuus Kaptodens

IOILIEH 1 OJ1eJHOM HeMaToaaM, reHa Senl, 00eCreunBarOIIEro
YCTOMYMBOCTS K paKy KapToders, u TeHoB Rx 1 Ryadg, Rysto,
o0ecTreunBaIONX IMMYHHTET KapTodess K X- 1 Y-BUpycam
coorBeTcTBeHHO. Mapkep Ry 186 rena Rychc (ycToitunBocTh K
Y-Bupycy KapToderns) y TeHOTHITOB BEIOOPKH HE OOHApYKEeH.
Brinenensr 00pasiipl ¢ MapKepaMH TeHOB YCTOHYHUBOCTH K
paky kaptodens (Senl), Bupycy X (Rx), supycy Y (Ryadg,
Rysto), 3omotucToil muecToobpasyromiei kKapropensHol He-
marone (H1, Grol-4), bnenunoit Hemarozne (Gpa?2) (tadm. 3).
Br16op MapkepoB /Ui BBISBICHUS T€HOB YCTONYHMBOCTH
OCHOBAH Ha Pe3yJIbTaTax OTeYECTBEHHBIX U 3apyOeKHBIX HC-
cyieioBaTesell 10 OLCHKE KOPPEJSIIMOHHBIX CBSI3EH MEXKITy
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Ta6nuua 3. Pe3ynbtathl CCNef0BaHNI KONNEKLMOHHbBIX 06pa3LoB KapTodensa c nomolbto IHK-MapKepoB reHOB YyCTONUMBOCTY
K paKy Kaptodens, Bupycam X u Y, 3010T1UCTON 1 6nefiHoM KapTodenbHbIM HemaToAam

OGpasew | NL25 [PVX  [RYSCPZ RyI86™ VES}3A™! |TG689™ SR N1957  Grol-4-1 | Gpaz2'?
[eH ycTonumsocTun
Sent || R |Radg  Rychc  Ryto  HI Gol4 | Gpaz
Pak Xempyc | Yewpye | Jonowcranwematona  Gnepwan
KapTodena HemaToAa
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MccnepoBaHme 06pa3uoB KapTodensa Ha Hanmume
reHeTMYEeCKMX MapKEPOB YCTONUYMBOCTY K GpuTOnaToreHam

MapKepaMy T'€HOB M YCTOWYHMBOCTBIO 00pa3loB KapToders
K (huTOmaroreHaM.

Cunraercs, 4TO JOMUHAHTHBIN alienb reHa Sen/ MONHO-
CTBIO OJIOKUPYET PAa3BUTHE U PEIIPOAYKIMOHHBIC CIIOCOOHOCTH
S. endobioticum (narotum 1) (Lellbach, Effmert, 1990). Ha
CCTO/IHSIIHUN JICHb B TIPAKTUYECKH OPUCHTUPOBAHHBIX HC-
clleZIOBaHUSIX HanboJiee MCIIOJIb3yEeMbIM OCTAETCSl MapKep
YCTOMYMBOCTH K BO30yaUTENO paka Kaprodems NL251400,
MoneKynsipHbIi CKPHHUHT BBISBIISIET 9TOT MapKep MOYTH y
BCEX M3YYEHHBIX PAaKOyCTOWYHMBBIX OTEYECTBEHHBIX COPTOB
(JIykma u gp., 2012; buprokoa u ap., 2015; AnToHOBa U
Ip., 2016). B Hammx ucciieoBaHnsIX HAJIMYHUE YTOTO MapKepa
ompeneneHo y 19 o0pasios.

[Ipennoxennsie B padote (Mori et al., 2011) mapkeps PVX
u Ry186 ncnonbs3ytorcs amst BbISBICHHS R-T€HOB, OIpeaes-
IOIINX YCTOHYMBOCTD K BUpycaM X U Y kaproders cooTBeT-
cTBeHHO. Mapkep PVX rena ycroitunBoctu Kk Bupycy X (Rx)
JMarHoCTUpoBaH y 13 n3 nccaenoBanHbIX 00pa3oB. Mapkep
Ry186 rena Rychc cpenu 00pa3iioB UCCIISI0BAHHOM BHIOOPKU
He oOHapyxken. Mapkep RYSC33'2rena Ryadg oGHapyxeH y
10 o6pasuos, mapkep YES3-3A34! rena Rysto —y 5 oGpas-
10B. Mapkepsbl cpa3y JIByX I'€HOB YCTOMUUBOCTH K BUPYyCY Y
(Ryadg, Rysto) nmerorcs Tonbko y obpasma C-121-14.

Cunraercs, 9T0 U3 WICHTU(QHUIMUPOBAHHBIX B HACTOAIICE
BpEMsI T€HOB, KOHTPOJIUPYIOILIUX YCTONYUBOCTD K 30JI0TUCTON
u OnemHON HemaTtomam, Hambonee d(h(HEKTHBHYIO 3aIIUTY
obecrieunsatot reusl H1, GroVI, Grol n Gpa2 (XiotrTH 1 1p.,
2017). CornacHo AUTEepaTypHBIM JaHHBIM, TOMHUHAHTHBIN
anyenb reHa /] NHTPOrpecCUpOBaH B CEJIEKIMOHHBIE COPTa
OT eJMHUYHBIX HEMATOI0YCTOHYNBBIX 00pa3noB S. tuberosum
ssp. andigenum u S. vernei (Toxopeus, Huijsman, 1953), a ren
Grol-4 — ot 00pa3noB S. spegazzinii (Barone et al., 1990).

Ha ycroitunBocts k G. rostochiensis B OTe4eCTBEHHBIX U 3a-
PYOEKHBIX HCCIIeIOBaHUSIX yallle Bcero ucrnomnbiyercss SCAR-
mapkep TG 689 rena H/ (buprokosa u zip., 2008, 2015; Galek
etal., 2011; Milczarek et al., 2011, 2014; Shultz et al., 2012;
AHTOHOBa 1 J1p., 2016). Mapkep N 195, cuiernieHHbli ¢ TOKy-
coMm H1, mpeasnokeH rpyIoi SMOHCKHX yIeHbIX (Asano et al.,
2012). B MonexkyasipHOM CKpPUHHMHTE I'E€HOTHIIOB KapTO(es
Ha HaJIMYKe TeHa yCTOMYMBOCTH K 30JIOTUCTON IIUCTOOOpasy-
ToIIel KapTo(eNbHON HEMAaTo/Ie B HACTOSIIIEE BPEMsl TakkKe
AKTHBHO UCIIOJNIb3yeTcst MapKep 5S7R, CLIEMIEHHBIH C JIOKYCOM
reHa I/, —kak B Poccun (buprokosa u i1p., 2015; AHTOHOBa 11
Ip., 2016), Tak u 3a pyodesxom (Shultz et al., 2012, Milczarek
etal., 2014). I'er Grol-4 Toxe uMeeT OOIIbIIIOE TPAKTHIECKOE
3HauUeHME ISl CEJICKIIMU Ha YCTOMYMBOCTH K 1I1000AEpO3Yy.
Jnsa ero naeHTndukanuu 06U pa3paboTaH OXHOMMEHHBIN
BHyTpHreHHslii SCAR-mapkep Grol-4 (Gebhardt et al., 2006).

B nccnenoBanHON BBIOOPKE HOCUTEIISIMH I'€Ha YCTOWYHBO-
CTH K 30JI0THCTOH IMCTOOOpasyromeil KapToenbHoi HeMa-
tone Grol-4 sBnsrorcs 6 0o0pasnoB, reHa H/ — 12 o0pasios,
1 TOJIBKO Y JIBYX 00pasuoB (C-31-15 u C-27-15) BbIsBiICHBI
o0a reHa.

I'ern Gpa?2 obecrnieunBaeT yCTOMYMBOCTH CENEKIIMOHHBIX
COPTOB K OJie1HOM KapTodenbHOM Hemaroe (maroTurs Pa2
n Pa3) (Van der Voort et al., 1997; Van der Vossen et al.,
2000). On n0KaIM30BaH B cOCTaBe OOIIEro Ki1acTepa BMECTE C
reHaMH YCTOWYHMBOCTH K JIpyTHM [aTOreHaM, B YaCTHOCTH Te-
HOM Rx, I€TEpMUHUPYIOIIHUM YCTOHYMBOCTD K BUPYCY X Kap-
toens. Mapkepbt Gpa2-2432 (rena Gpa2) u PVX (rena Rx)

leHeTVKa 1 cenekuus Kaptodens
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A.b. CaiHakoBa, M.C. PomaHoBa, C.H. KpacHukos
O.B. JlutBnHuyk, A.N. Anekcees, A.B. HukynuH, E.B. TepeHTbeBa

oOHapyxeHbl y 13 obOpasios. O6pazenr C-87-14 obnanaer
TeHAMH yCTOHYNBOCTH K paKy KapTodeIs, e JHoi HemaTore,
3onoTHCTOM Hemarone (reH Grol-4), Bupycam X u'Y (Rysto).

W3 40 ucciietoBaHHBIX TEHOTUIIOB KapToders MakcuMalib-
HOE YHCII0 MapKepoB IISITH I'€HOB YCTOWYMBOCTH (K BHPY-
cam X (Rx), Y (Rysto), 3010THCTOH IIICTOOOpasyomieii kapTo-
(dhenbHOM HeMarone (H1, Grol-4), dnennoii Hemarone (Gpa?))
oOHapykeHo y obpasia C-31-15, oGmamaromiero mo pesyib-
TaTaM MOJICBBIX HCITBITAHUH TaK/Ke BBICOKMMH IOKA3aTeIISIMH
YPOXKaHHOCTU M KauecTBa. BhIIEIEHHBIN 110 pe3ylbTaraM
nccrnenoBaHnit THOpUAHEIN obpaszer; C-31-15 sBmgercs uc-
TOYHUKOM KOMIUIEKCA XO3SHCTBEHHO LIEHHBIX ITPU3HAKOB, B
TOM YHCJI€ YCTOHUMBOCTH K HECKOJIBKMM BPEIOHOCHBIM (H-
TOTIaToreHaM KapToders.
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