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1. Hudpopmanus o BpeJHOM OpraHusmMe

Bupoupl — nuieHHbIe OEIKOBOW 000JIOYKH, KOBAJICHTHO 3aMKHYTBIC KOJIBIIEBBIC OHOLICTIOUCYHBIC
monekyibl PHK, ot 239 no 401 nykneotuaa B JUIMHY, KOTOPBIE PEIUTAITUPYIOTCS 3a cUeT (EepMEHTOB
kieTku-xo3suaa (Hammond & Owens, 2006). [IinHa BUpOUaa BEPETEHOBUAHOCTH KITyOHEH KapTodes
(BBKK; pox Pospiviroid) o6b14H0 cocTaisiet 359 HyKJI€OTHIOB, HO UMEIOTCS COOOICHHS 00 N30IsITaX
BBKK, cocrosmux u3 341-364 uyxieotunos (Wassenegger et al., 1994; Shamloul et al., 1997; Jeffries,
1998). Ha ocHOBaHHH BBIPAKEHHOCTH CHMIITOMOB, BBI3BAHHBIX y YYBCTBHUTEIBHBIX COPTOB TOMATOB,
Harpumep copta Rutgers (Fernow, 1967), roBopsr o T.H. "MsrkoM™ u "cypoBom™ mrammax.

Criextp ectecTBeHHbIX X03s5¢B BBKK oTHOCHTENnbHO y30K. OCHOBHBIMH €CTECTBEHHBIMH XO35I€BaAMHU
SBJIIOTCSL CTOJIOHO- M KiyOHeoOpasyromme Buasl Solanum, wampumep, Solanum tuberosum L.
(xaprodens) u S. lycopersicum (romat). BBKK 6b11 00HapysxeH Taxke B Capsicum annuum, Persea
americana u S. muricatum. BBKK o6HapyxuBaeTcss TJIaBHBIM 00pa3oM B Pa3sMHOMKAFOIIUXCSI
BEreTaTHBHO BUJAX JICKOPATUBHBIX pacTeHuil cemeiictBa Solanaceae, a mmenno, Brugmansia spp.,
Cestrum spp., Datura sp., Lycianthes rantonetti, Petunia spp., Physalis peruviana, Solanum spp. u
Streptosolen jamesonii, mo Taxke u B Chrysanthemum sp. u Dahlia x hybrida B cemeiictse Asteraceae
(mompobHyr0  uH(pOpMaIMIO MO0  ecTecTBeHHBIM  xo03seBam cM. CABI  (n.d)). Cnekrp
sKcriepuMeHTaIbHbIX X03¢B BBKK mmpok u Brimodaer Buibl cemeiicTBa Solanaceae, a tarke psn
BUJIOB 110 MEHBIIIEH MEPe U3 IEBATH APYTUX CEMEUCTB. bOIBITMHCTBO X035€B HE MPOSBISIOT CHMIITOMOB
6oste3Hn OO MPOSIBIISIIOT MX B He3HauuTenbHOM crenern (Singh, 1973; Singh et al., 2003).

3apaxenwue S. tuberosum BBKK ormeueno B psizie crpan/mratoB Adpuku, Asun, Bocrounoit EBporbl,
Cesepnoit Amepuku (EOK3P/CABI, 1997), Lentpansnoit Amepuxu (Badilla et al., 1999), IOxHoit
Awmepukn u Bimxuero Bocroka (Hadidi et al.,, 2003). Oanako reorpaguueckoe pacmpocTpaHeHHE
BBKK mmpe 3a cueT AeKOpaTHBHBIX KyJbTyp M apyrux xosseB (cm. mamnsie CABI (n.d.) o
reorpa)uueckoM pacipoCTpaHEHHH).

OcHoBHbIM myTeM pacmpoctpanenuss BBKK 'y Solanum tuberosum sBmsiercst BereratmBHOE
pasmuoxxenue. Kpome toro, BBKK pacmpocTtpansieTcss KOHTaKTHO-MEXaHHYECKUM ITyTeM TpH pabote
CEJIbCKOXO3SIMCTBEHHOW TEXHWKM Ha TOJISX M JICIEHUH Ha 4YacTH KIyOHEH CeMEHHOTro KapTodems
(Hammond & Owens, 2006). BBKK pacmnpoctpansietcsi B MCTHHHBIX (OOTaHHYECKUX) CEeMEHax
kaprodens — 3apaxxeHHpIMA MOTYT ObITh 10 100% cemsin (Fernow et al., 1970; Singh, 1970) — a Takxe
B meutbile (Grasmick & Slack, 1985; Singh et al., 1992). De Bokx and Pirone (1981) coobmiarot o
Hu3Koi sddexruBroctr nepenoca BBKK tieit Macrosiphum euphorbiae, npu 3ToM BO3MOXHOCTB
nepenoca e Myzus persicae u Aulacorthum solani mepBonavanbHo oTpunanach. TeM He MeHee
OIKCaHO 3KCIeprMeHTaNbHOe mpuodpereHne u nepenoc BBKK et M. persicae c¢ pacrenuid,
3apaxxeHHbIX oqHOBpeMeHHO BBKK u Bupycom ckpyumBanus nucteeB kaprodens (BCJIK) (Salazar
etal., 1995; Singh & Kurz, 1997), u BrnocieacTBuu OBIJIO MPOJCMOHCTPUPOBAHO TE€TEPOJOTHUHOE
karncynupoBanne BBKK B karcua Bupyca (Querci et al., 1997) — dbenoMeH, KOTOPbI MOXET UTPATh
BA)KHYIO POJIb B AIMAEMHOI0rHMY U pacnipocTpaHeHun BBKK B nosieBbIx ycioBusx.

Solanum lycopersicum sierko unduipyercss BBKK npu koHTakTe; npoaeMoHcTprupoBano, ¥to BBKK
nepenocutcss ¢ mbutbiior u cemenamu (Kryczynski etal., 1988; Singh, 1970). [lokaszaHo, 4ro
pacnpocTpaHEeHHE Yepe3 CEMEHa TOMara COAEMCTBYET MeXAyHapoaHoMy pacnpocTpaHeHuto BBKK
(van Brunschot et al., 2014). BoamoxHo Takxe, uto BBKK pacnpoctpansiercst B 3apaKeHHbIX CEMEHaX
crpyukoBoro nepia (Lebas et al., 2005).

3apaKeHHbIE PACTCHUS JIEKOPATUBHBIX KYJIBTYP MOTYT MOCTYKHTh HCTOYHUKOM 3apa)KEHHUsI, €CITH MX
00paboTKy MpOBOAMIIHN TIepea 00pabOTKON APYTHX BOCIIPUUMYHUBBIX PACTEHUH; POJIb MEKOPATHBHBIX
pacrtenuii B MexxayHapoaHoM pacnpoctpanennn BBKK onucana y psna aropos (Navarro et al., 2009;
Verhoeven etal., 2010). Ilepemaua BBKK ¢ Apis mellifera, Bombus terrestris, Frankliniella
occidentalis umu Thrips tabaci me ommcana (Nielsen et al., 2012).

BBKK — eauHCTBEHHBIM BUPOU]I, O KOTOPOM H3BECTHO, YTO OH B €CTECTBEHHBIX YCIIOBHSIX 3apa)kacT
KyIbTHBHPYeMBIe BHIBI Solanum. Omnako MexcukaHckuii Bupou mamutel (MPVd) 3apaxaer nukne
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sunel S. cardiophyllum (Martinez-Soriano et al., 1996). B ycinoBusix sKCriepUMEHTa IPYTHE BHJIbI
BUpOHI0B poaa Pospiviroid 3apaxaror S. tuberosum (Verhoeven et al., 2004).

OG6HapyxeHo, uto S. lycopersicum B ecTecTBeHHbBIX yclOBHsX 3apaxkator, nomumo BBKK, npyrue
NOCTIMBUPOU/IBI, B YUCIE KOTOPBIX BUpOH[ dk30kopTuca mtpycoBbix (CEVd; Mishra et al., 1991),
narentHbiii Bupoua komymuen (CLVd; Verhoeven etal., 2004), MeKCHKaHCKHI BHPOWI MAMUTHI
(macnena cepauemmctaoro) (MPVd; Ling & Bledsoe, 2009), suponn menkormoaaocTh nepia (PCFVd,;
Reanwarakorn et al., 2011), Bupoun amukanbHOW kapnukoBoctd ToMaTta (TASVd; Walter, 1987),
BHPOH XJI0poTH4HO#M KapmukoBocTr ToMara (TCDVd; Singh et al., 1999) u Bupoun "mianta mauo"
tomata (TPMVd; Galindo et al., 1982).

2. Taxkconomuyeckasi uHpopmanus

HasBanue: BUPOW/I BEPETEHOBUAHOCTH KiTyOHEH kapTodens (BBKK)

CHHOHMMBI: BUPYC BEPETCHOBUIHOCTU KIYOHEH KapTodesi, BUPYC TOTHKH
KapTodens, BUpYC KyCTHCTOCTH BEPXYIIKH TOMaTa

TakcoHOMHYECKOE MMOJI0KEHHE: Pospiviroidae, Pospiviroid

OO0bIYHbIEe HA3BAHMS BEPETCHOBUIHOCTH KITyOHEH KapTodens

3. BroisiBjienue

IIposiBeHre 1 BbIpaXXKEeHHOCTh CUMIITOMOB 3aBHcAT oT mTamma BBKK, Bunma u copra mopaxeHHoro
pacTeHus ¥ YCIIOBHH OKpysKaroIeii cpeasl. 3apakerue S. tuberosum mMoxer mpoxoanuTh 6€CCUMITTOMHO
au00 TPOSBISITECS B CHMIITOMAaXx OT YMEPEHHBIX O PE3KO BBIPAKCHHBIX (YMEHbBILICHHE pa3Mepa
pacTeHus ¥ OTXOJSIINE MOJT OCTPBIM YIJIOM OT CTeOJIs TUCThs, (PUIIOTaKcusl (KOHIIEBas J0JS JINCTHEB
BEPXHEr0 sipyca MOBOPAYMBACTCS BOKPYT CBOCH OCH), TEMHO-3CJICHbIE M MOPIIMHHCTBIC JIHCTH).
KiiyOuu  Moryr  OBITh  YMEHBIICHHBIMH, JAe(OPMUPOBAHHBIMH,  BEPETCHOOOpa3HOW WM
ranTeneo0pa3Hoi GopMbl, ¢ 3aMETHBIMHU BBIITYKJIBIMH TJIa3KaMH, PABHOMEPHO pacIpeieIeHHbIMH T10
kayonro (EOK3P, 2004). V S. lycopersicum cuMOTOMBI BKJIIOYAIOT KapJIMKOBOCTH, JIHUHACTHIO,
CKJIaJ4aTOCTh ¥ CKPYYHUBAHHUE MOJIOJIBIX JINCTHEB 110 KPasiM, XJIOPO3, MOKPACHEHHUE, XPYIKOCTh JINCTHEB,
HEKpO3, YMEHbIIICHHE pa3Mepa U HerosiHoe BhipeBanue mwiogos (Mackie et al., 2002; Hailstones et al.,
2003; Lebas et al., 2005). ¥ C. annuum cuMIITOMBI MaJlO3aMETHbI, Y JIMCTHEB y BEPXYLIKH PAaCTCHHS
kpass rodpuposanusie (Lebas etal., 2005). Bce nexopaTWBHBEIE pacTeHHs, OOCIEIOBaHHBIE Ha
CETOHAIIHMIA IeHb, TPU3HAKOB 3apakerus He npossisiioT (Verhoeven, 2010).

[Mockonbky 3apaxenne BBKK moxker nmpoTekats 0ecCUMIITOMHO, [Tt 0OHAPYKEHHS U HICHTU(DUKAIINN
BUpouaa Tpedyercs mpoBereHue aHanu3oB. Jlns oOnHapyxenus BBKK wMoxHO wncmons3oBaTh
OMOJIOTHYECKe W MOJEKYJISIpHbIE aHaJTW3bl, IPUBOANMBIE Ha prc. 1 B KauecTBe BapHMaHTOB, HO IS
uAeHTH(OUKAINKA TPOAYKT moiuMepasHoi wnenHod peakmmu (IILIP) momkeH OBITH TOABEPTHYT
CEKBEHHPOBAHUIO, MOCKOJIBKY 3TH aHaiu3bl He siBistoTcs cnenuduueckumu s BBKK u BoiaBaT u
JIpyrue Bupouabl. KpoMe TOro, CEKBEHMPOBAHUE CHIDKAET PUCK ITOJYUEHUS JIOKHOIIOJIOKHUTEIBHBIX
pe3ynbTaToB. EciM MaToreHHOCTh PACICHMBAETCS KaK CYIIECTBEHHas, MOXET OBITh NpOBEeHA
ounonornueckas naentudukanus. Ecim nmo pesynbratam naboparopHoro ananu3a BBKK Beisensiercs B
CTpaHe BIIEpBbIe, MOXKET MOTPEOOBATHCS MOATBEPKICHUE AUATHO3a JPYroi 1abopaTopHuei.

I[J'ISI MHUHHUMU3AIUHN pUCKA TOJTYUYCHUA JIOKHOIIOJIOXKUTCIIBHBIX WIN JIO(KHOOTPUIATCIIBHBIX PE3YJIbTATOB
BO BCC aHAJIM3bI NOJIKHBI BKJIIFOYATHCSA KOHTPOJIU Ka4€CTBA.
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BoisiBnienne BBKK B cuMnToMaTHyecKHX M 6eCCHMIITOMHBIX 00pa3iax

Bapuant 1 Bapuanr 2 Bapuant 3
CraHaapTHbIE MOJIEKY/ISIPHBIE METO/bI BeicokocnenngpuyHbIe MOIEKYISIPHbIE BHoOTOrHuecKHe
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Puc. 1. MunumanbsHble TpeOOBaHMS K 00HAPYKEHHUIO U MACHTH()HUKAIUK BUPOHIa BEPETCHOBHIHOCTH KIyOHEH KapTodens
(BBKK).

* B ompeeneHHBIX 00CTOATEIbCTBAX, HApUMep Bo BpeMs Bembliiku BBKK, uaeHTH(UKAIMS U1 KQXKI0T0 BUPOUI-
MOJIOXKUTEIILHOTO 00pasiia MOKET He TpeOOBaThCS.

TpuMeyaHue: B cirydae MoJO3PEHNS HAa BUPOH/] (HAIIpUMep, TUIIHYHBIE CUMIITOMBI Y 00pasiia), HO IPH OTPHUIATEILHOM
pe3ynbTaTe aHalM3a s MOATBEPKIEHNUS pe3yabTaTa clIeaAyeT IPOBECTH IPYroil aHanus.

Hacrosimiee mnpuinokeHue npeaHasHaueHo juis BeisiBiieHuss BBKK u He paspabateiBanoch st
BBISIBJICHUS M MICHTU(UKAIIMY APYTUX IIOCITUBUPOUIOB. TeM He MeHee IPU BBIOOPE METO/IA BBISIBIICHUS
1 UICHTU(UKAIIIN HEOOXOIUMO ITPHHUMATH BO BHUMaHHE MMPUCYTCTBHUE JPYTUX BUPOHUIOB, U TTOITOMY
B HACTOSIIIIEM ITPIIIOKEHUH OTHCHIBAIOTCS HecTIeU(hUIECKIEe METOBI, KOTOPHIE BBISIBSAT BCE H3BECTHEIC
BUPOU/IBI, BKJIIOUas Takue nocnuBupoubl, kak BBKK. [{nst nuaentudukaiuu Buporna npoaykt TP
HEO0XOMMO CEKBEHUPOBATb.

OnwckiBaroTcsi IPOTOKONBI JUist oOHapykeHnss BBKK B Tkanm nucTheB, KiyOHEH M OOTaHHMYECKHX
(uctunHBIX) cemsiH. CrefyeT yduThIBaTh, uTo HajaexHoe BbisiBieHHe BBKK B Tkanu cemsH
MIPEJICTABIISIET 0COOYIO CIIOKHOCTb.

B HacrosiiieM TUarHOCTUYECKOM MPOTOKOJIC METO/IbI (BKJTFOUAS CCHIIKH HA HA3BAHUS TOPTOBBIX MApOK)
ONMKMCaHbl TaK, KaK OHU ONYyOJUKOBaHBI, IOCKOJIbKY II0 HHUM ONPEACISACTCS IEePBOHAYAIBLHO
JIOCTUTHYTBIH ~ YPOBEHb  YYBCTBUTEIBHOCTH, CHEUU(DUYHOCTH W/WIM  BOCIHPOU3BOIUMOCTH.
Hcrnonk3oBaHue Ha3BaHWN XMMHYECKUX PEAareHTOB WJIM OOOPYIOBaHHUS B JAHHBIX JHATHOCTUYECKHX
MPOTOKOJIAaX HE MOJpa3yMeBaeT UX MPEANOUYTCHUE U UCKITIOUEHHE APYTUX, KOTOPHIE TaK K€ MOTYT OBITh
noaxoasauMu. IIpencTarieHHbIe B MPOTOKOIAX MPOLEAYPhl MOTI'YT OBITh aallTUPOBAHbI K CTaHIapTaM
OTJICNBHBIX J1a00paTOPHii, IPH YCIOBUH, YTO OHH JOKHBIM 00pa30M MPOIILTH MPOIEAYPY BaTUIAIINH.
PexkoMeHanuu mo BaauIalid METOI0B B huToanarunoctuke npenocrasieHsl EOK3P (2014).

Pe3y.]'II>TaTI/IBHOCTI> MOJICKYJIAPHOI'O0 aHaJin3a OMNpPCACIIICTCA KakK aHaJ'II/I3I/Ipy€MOI71 ManPILIefI, TaKk H
nocjieAyromunum BI:;I60pOM METOA0B ITIOATIOTOBKH 06pa3u0B, BBIACIICHUA HYKJIICMHOBBIX KHUCIOT U
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BEIIBIICHUS W wuacHTH(uKanuu. B Tabmuie Ha puc. 1 mpencrtaBineH 0030p JaHHBIX BaIHIAIlHH,
JIOCTYIHBIX JUIS Pa3lIMYHbIX MATPHIl U COYCTaHW METONOB. bonee monapoOHas uHbopmarus 00
YKa3aHHBIX METOJIaX JIN0O CChUIKU Ha HCTOYHUKH MPUBEICHBI B COOTBETCTBYIONIMX pa3jeiiax.

3.1 OT10op 00pa3noB

OO011HIe peKOMEHIAIMHN [T0 METOHMKaM 0TOopa 00pasios coaepxarcs B MCOM 31 (Memoouxu ombopa
06pazyos om 2py308).

Mukpopacrtenusi S. tuberosum u BeipainieHHbI€e B 1a00paTOpPHOIi Temunie pactenus S. tuberosum.
Y MuKpopacTeHHi B KauecTBe 0Opasiia cieqyeT UCIO0Ib30BaTh BCE PACTECHHE JINOO BEPXHUE [IBE TPETH
pacTeHus, OTICJIUB UX C COOJIOACHUEM CTEPHIBHOCTH, YTOOBI PACTEHUE MPOJOIKAIO PAa3BUBATHCS.
Hcnonb3yroTcss MUKPOPAacTeHUsT BO3pacToM 4-6 Hexmenb, co cTebieM OKOJIO S5 ¢M AJUHON M XOPOIIO
C(I)OpMI/IpOBaBHII/IMI/ICH JIMCTBSIMHU. Y TEIJIMYHBIX paCTCHI/Iﬁ HCIOJIB3YCTCA IO OAHOMY IIOJIHOCTBHIO
pasBepHYBLIEMYCS MOJOJOMY JIUCTY OT KaXIoro pacreHus. Ilpn HU3KMX TeMmepaTypax U HHU3KHX
YPOBHAX OCBCIICHHOCTH KOHLCHTpalWd BUpOUAAa CHHXKACTCA, IIO3TOMY PACTCHHUA OOJIKHBI
BBIpAIIUBaThCs MpH Temneparype He meHee 18 °C u horoneprone ne MmeHee 14 wacoB. MukpopacteHust
WJTH JIACTHSI MOYKHO OOBEAMHATH B OIHY COOPHYIO po0y A aHamu3a; TpeOoBaHMs K pa3Mepy COOPHBIX
npo0 3aBUCST OT METOJA aHAIN3A U JOJKHBI OBITh BATMIUPOBAHBI.

ITosieBble pacTenusi S. tuberosum. Mcronb3yroTcst IOTHOCTBIO Pa3BEPHYBIINECS MOJIOIbIC JTUCThs €3
IPH3HAKOB OHOJIOMYECKOTO CTapeHUsl, 0 OJHOMY C BEPXYLIKH KaKAOrOo pacTeHHs. JINCThs MOXHO
00BEeIUHATH B OZHY COOpHYIO MpoOY ISl aHaU3a; TpeOOBaHMS K pa3Mepy COOpHBIX P00 3aBUCST OT
METO/Ia aHAJIN3a U JJOJDKHBI ObITh BaTUIHPOBAHBI.

Kay6nu S. tuberosum. BBKK cuctemHo pacrpeseneH B MHOUIMPOBAHHBIX KIyOHsAX S.tuberosum
(Shamloul et al., 1997) u mo4tu B paBHBIX KOJHYECTBAX MPHUCYTCTBYET B PA3IMUYHBIX YaCTAX PACTCHHUI
¢ KIyOHSIMH KaK C TIEpBHYHOM, Tak W ¢ BropuuHoil nHdpeknueir (Roenhorst et al., 2006). Haussicast
KOHIIEHTpAIHs BUPOUIa OOHAPYKUBACTCS Cpasy Mmocie coopa ypoxas. B KiyOHSX, XpaHUBIIHXCS TIPH
temrepatype 4 °C, B TeueHHE TpeX MECSIEB XPaHEHMS KOHIICHTpPALWs BUPOWAA CYIIECTBEHHO HE
CHMIKAETCS, HO TOCIIE IIECTH MECALEB XPAHEHUs MOXKeET ymacth Oosee uem B 10* pas. B kauectse
o0pasia MOKET MCIIONIb30BAThCS BBIPE3AHHBIN M3 JIFOOOH YacTH KiyOHs oOpasen MskoTH. OOpasiibl
MOXXHO OOBEJMHSITH B OJHY COOpPHYIO MpOOy i aHajau3a, TpeOOBaHUSA K pa3Mepy COOPHBIX MPOO
3aBHCAT OT METO/Ia aHAIM3a U JIOJDKHBI OBITh BaJIHANPOBAHBI.

JIuCcThsl ApPYrux cejibCKOXO03SICTBEHHBIX KYJAbTYP M J€KOPATUBHBLIX pacreHuil. Vcnons3yrorcs
NOJIHOCTBIO Pa3BEPHYBLIMECS MOJOAbIE JUCThA. JIMCTbS MOXKHO OOBEAMHATH B OJHY HpoOy IUist
aHanu3a; TpeOoBaHUS K paszMepy COOpHBIX NpoO 3aBUCAT OT METOJa aHalii3a M JIOJDKHBI OBITh
BajMaMpoBaHbl. HE00X0AMMO yUUTHIBATh, YTO KOHIICHTPALIMS BUPOUA 3aBUCHUT OT BO3PacTa/3peoCTH
pacTeHHs W 4acTO HOABEp)KEHa CE30HHBIM KoneOaHusM. Kpome Toro, HeKOTOpble BHABI COIEpXKat
OMOXHMUYECKHE BEIIECTBA, KOTOPLIC MOI'YT IOAABIATE NEpEAady BUpOHJa MOAOIBITHBIM pPaCTCHUAM
(mampumep, Brugmansia spp.) mmu6o noxmasmste OT-TILIP (manpumep, Calibrachoa spp., Solanum
jasminoides u S. jamesonii).

Cemena. KoHIleHTpalysi BUPOWIa B CEMEHAX MOXKET BapbUPOBATh B IMPOKHUX TIpeneNax, C ypOBHEM
nHpuuupoBanus ot <1 o 100%. B cBs3u ¢ 3TUM KpaiiHe 3aTpyIHUTEIBHO PEKOMEHAOBAThH pasMep
obpasma u pasmep cooproit mpodsr (EUPHRESCO, 2010). Ins oxmoro amammsa ¢ S. lycopersicum
pexoMeHyroTcest pazmepsl coopHbIx mpod B 100-1000 cemsin. TpeboBanus k pazmepy cOOpHBIX TIPoO
3aBUCAT OT METOJIa aHAJIM3a U JOJDKHBI ObITh BaJIUANPOBAHBI.

Cemena kaprodenss MOXXHO BbICEBaTh B Cpely BbIpaliuBaHus (HampuMmep, KOMIIOCT) B JIOTKax;
CESIHLIBI/pAacTeHHUs] HMCCIEAYIOTCS Hepa3pylIaloldM o0pa3oM 10 METOIUKE, ONHCAHHOH s
BBIPAIICHHBIX B J1abopaTtopHoii Terumie pactenuii (EOK3P, 2006).
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3.2 BrbIsiBiIeHHE C HCIIOJIb30BAHHEM OMOJIOTHYECKHX METOA0B

Wuokymsus pacrennit S. lycopersicum (copra Rutgers, Moneymaker wmu Sheyenne) mo3Bosut
OOHApyXUTh MHOTHE, XOTS M HE BCe, BUpOWABI (Hampumep, TOMAT HE SIBISICTCS XO3SUHOM IS
nocrimBupouna Iresine 1 (IrVd-1; Spieker, 1996; Verhoeven et al., 2010)) u obecrieynt BU3yalbHOE
MOATBEPXKICHNE MaToreHHocTu. OIHAKO HEKOTOpPbIe M30JIATHI MOTYT HE OOHApYKMBATHCS B CBS3U C
OTCyTCTBHEM CHUMNTOMOB. Kpome Toro, cumMnToMBl MOTYT OBITH Hemmaranoctmdeckumu st BBKK.
Meton OHOIIOTMYECKOW HHIUKALMKU MOXET MOTpeOOBaTh 3HAUYMTENbHBIX TEIUIMYHBIX IUIOLIANEH,
SBIISETCS. TPYAOEMKHM M OCJHOXHIETCA NPOJOJIKUTEIBHOCTRIO aHalnMu3a, KOTOPBI MOXKET 3aHATh
HECKOJIbKO Hezenb u Oosnee. CpaBHEHHE UyBCTBUTEIBHOCTH JAHHOTO METOJA C JPYTMMH METOIAMHU,
ONMCAaHHBIMH B HACTOSIIEM IIPOTOKOJIE, HE MPOBOAWIOCH. Eciy OH MeHee 4YyBCTBUTEJCH, 4YeM
MOJIEKYJIApHBIE METOJbl, OH MOXET MEHee MOAXOAUTh AN aHaiu3a ceMsH. OJHaKo, HCHOJb3Ys
OHOJIOTHYECKHIE METOAbI, MOXXKHO aMHJII/I(bI/IHI/IpOBaTB BUpOU OO0 YPOBHSA, IIO3BOJIAIOIICTO BLIABICHUC
JPYTUMH METOAMHU.

JIBECTU-TIATHCOT MI' TKAHU JIUCTHEB, KOPHEH WM KIyOHEH H3MeJIbuaroT B HEOOJBIIOM KOJHYECTBE
0,1 M ¢ocdarnoro Oydepa s uHOKy MK (agekBaTtHoe pa3Beaenue 1:1), coneprkaiiero kapoopyH/I
(400 merr). ®ocharusrii 6ydep (pH 7,4) rorosutcst cmermmBanrem 80,2 mn 1 M KoHPO4¢ 19,8 Mn 1 M
KH2PO. u noBeaeHreM AUCTUILTUPOBAHHON BOIOM 00beMoM 1o 1 mutpa.

WHOKYTUPYIOT MOJIOBIE PACTEHUS TOMAaTa C OJJHUM HITH IBYMs TIOJTHOCTBIO Pa3BEPHYTHIMH JIHCThSIMH.
[Manmen B mepyarke, BaTHYIO MAJIOUYKY WM TYPYHIY CMadHBalOT B MHOKYJIIOME M MATKO MPOTHPAIOT
HOBEPXHOCTb JIMCTA, ITOCIIE YeT0 JHUCThS Cpa3y MPOMBIBAIOT BOAOH JI0 TIOJHOTO yaaleHus KapOopyHa.
PacTeHus BBIpAIIMBAIOT B YCIOBUSX CYTOYHOTO Kosebanus temneparypsl 24—-39 °C 1 cBeTOBOTO AHS B
14 gacoB, ¢ JOMOTHUTENBEHBIM MOJICBEUNBAHUEM APOCBETHON HATPUEBOW JAMITONW MPUOIU3UTEIHHO B
650 pE/m?/s (Grassmick & Slack, 1985). boJiee HU3KHE TEMIEPATYPhl M OCBEIIEHHOCTh MOTYT CHU3HUTh
YyBCTBUTEIBHOCTh JaHHOW MpoObl. [Tociie MHOKYISAIMU pacTeHHs eXeHEIeNbHO (10 IIECTH HEeIeNb)
OCMaTpHBAIOT HAa HaJIM4YHEe CHUMIITOMOB 3apaxkeHus. Cumnromsl 3apaxkenuss BBKK BkmiouaroT
KapJIMKOBOCTh, SMHHACTUIO, MOPIIMHUCTOCTH JIUCTHEB, CKPYYHBAHHWE MOJIOJBIX JIUCTHEB IO KpasiM,
XJIOPO3 JIUCTHEB, IIOKPACHEHHE, XPYIIKOCTh ¥ HEKPO3.

buonpoba Ha TOMaTe MO3BOJIUT ONMpPEACIUTh MHOTHE MOCHHUBHPOHIbI (3a uckimoueHuem IrVd-1, cwm.
Bbile); coorBeTcTBeHHO OT-TIL[P nmpoBOANTCS HAa HYKIICMHOBOM KHCIIOTE, BBIACICHHON U3 PacTCHHIA-
WHJINKATOPOB C CUMITTOMaMHU 3apaskeHust, mpoayKT [11[P cexBeHupyeTcs asist HAeHTUDHKAIHN.

3.3 BbisiBJIeHHE ¢ HCIIOJIB30BAHUEM MOJIEKYISIPHBIX METO/10B
3.3.1 IloaroroBka o0pa3ioB

Mukpopactenusi, JUCTOBOW MaTepuad W KOpHHM. [Ins W3MENbYCHUs MaTepHhaia XOpOIIIo
3apeKOMEH/I0BaI ceOsi CTYNKU M MECTUKH WM roMoreHu3aropsl (Hampumep, Homex 6 (Bioreba)) ¢
nakeramu Juis romorenmsaimu (Bioreba). T'omorenusanmio MOXKHO 00JEryuTh J00ABICHHEM
HEOOJIBIIOT0 KOJMYECTBA BOJBI MJIM JIM3UpYIOIIEro Oydepa (coctaB KOTOPOro 3aBHCHT OT METOJA,
HCIIOJIb30BABIICTOCS ISl BBIICICHUS HYKJICHHOBOW KHCJIOTBI) WM 3aMOpaKHMBaHHEM oOpasiia
(mampuMep, B )KUAKOM a30Te).

Crnenyromast mpoueAypa Obiia BamuaupoBana (cMm. Tabmuiry 1) B KOMOWHAIIMHM C BBIIEICHHEM
HYKJICHHOBOW KHUCJIOTHI METOJOM MAarHWTHOW cemaparu 2 u anamm3om GenPospi mmas OT-TILP B
peKMME peaJbHOr0 BpPEMEHH, OINUCAHHBIX B HacTosAmeM npuwiokennd. Okono 1r TkaHm
TOMOTEHH3HPYIOT B MaKeTe Ui TOMOTSHH3allMU C HCIONb30BaHWEM HOMEX 6 wiM mopTaTUBHOTO
romorenmuzaropa (Bioreba) ¢ 3,5mn (1:2-1:5 (B orHOmeHunm Beca K 00bEMY)) THAPOXUHHMHA
THIPOXJIOpHIA ¢ Jo0aBiIeHneM u3upyroniero Oydepa (6 M ryanuauna runpoxinopuna; 0,2 M anerarta
HATPH, pH 5,2; 25mM  sTmiaeHgMaMuHTETpayKCycHOM — kucmotel  (DJTA); 2,5%
noymBuHWIIHppoauaoHa (PVP)-10). 3atem oOpa3ib! nHKyOupytotcs B Tedenue 10 mun npu 65 °C npu
Bpamiennu Ha 850 06/MuH B TepMOMHEKCepe (WITH TIPU BCTPSIXMBAaHUH (IIEpEBEPHYTH MPOOUPKY 3 pasa))
U JOTNOJHUTEIFHOM TeHTpudyrupoBanun (2 muH, 16 000 g) mepen BbIgeNeHHUEM HYKICHHOBOM
KUCIIOTHI.
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Kuay6uu S. tuberosum. Beiceukn u3 KiyOHE#H TIIATEIBHO TOMOTCHU3UPYIOT C BOJOH HITH JIH3UPYIOIIUM
Oydepom (CocTaB KOTOPOrO 3aBUCHT OT METOJa, MCIOJIb30BABIICTOCS ISl BBIICICHUS HYKICHHOBOI
KHCJIOTHI, 1 MJI Ha rpaMM TKaHmM). XO0pOIIo 3apEKOMEHI0BAIN ce0s TaKie TOMOT€HU3aTOPHI, Kak Homex
6 ¢ makeramMH I TOMOTEHHM3aIllMM. 3amopaxkuanue Tkauu (Hampumep, npu —20 °C) mepen
Jo0aBIieHHEM BOJIbI HIIH JIM3HPYIOIIEro Oydepa objerdaeT roMOreHu3aluio.

Cemena. Jlns Hebonpmmx komuuecTB cemsH (<100) MOXHO HCIIOIB30BaTh TOMOTEHH3ATOD,
paboTaromuii 0 NPUHLMITY apoBoW MenbHHUIBI (Hampumep, Retsch TissueLyser (Qiagen)). s
GOJIBIIET0 KOIMYECTBA CEMSH MOKHO HCIOJIB30BaTh JIONMATOYHBIA OmeHmep (mampumep, MiniMix
(Interscience)) wmmm romorenmsarop (Hampumep, Homex 6) ¢ MHHHMAaJIBHBIM KOIHYECTBOM
ausupyromiero oydepa (coctaB KOTOPOTO 3aBHCUT OT METOJA, UCIIOJIB30BABILETOCS ISl BBIICICHUS
HYKJIEMHOBO# KucioThl). CeMeHa Takke MOXHO u3Menbuath mosiotkoM (Bertolini et al., 2014b) wnm
HNeCTHKOM B cTymke. [lociemnuii crmoco0 u3-3a BO3MOXKHOTO MEPEKPECTHOTO 3apaskeHUs, KOTOPOES
TPYZHO KOHTPOJHUPOBATh, MOKET OBITH HETPUTOIHBIM JIJIsI TIOCTOSIHHOTO HMCIIOJb30BaHus. B KauecTBe
QJIbTEPHATHBBI MOXKHO HCIIOJIb30BaTh XHUIKHWA a30T Ul 3aMOpPaKUBAaHUs 00paslia, KOTOPBIA 3aTeM
U3MEJIbYAOT B CCKIIMOHHOM MeNTbHHIIE (3TOT METO MOYKET UCTIOIb30BATHCS TAKXKE U C APYTUMH THITAMH
TKaHel).

Crenyromast npoueaypa Obuta BanuaupoBaHa (cM. Tabnuiy 1) BMecTe ¢ BBIICICHHEM HYKICHHOBBIX
KHCIIOT TI0 METOIy MAarHUTHOM cenapanuu 2 u aHamu3om OT-IIIP B peansHOM Bpemenu mo Boonham
etal. (2004), onucaHHBIM B HACTOSIIEM MpUIOKeHUH. [lepen BbIIEICHUEM HYKICHHOBBIX KHCIIOT
Kaxayro u3 Tpex noaseioopok m3 1000 cemsia 3amaunBaroT B 20 MII TyaHHIWHA THAPOXIIOPUIA TITFOC
msupyronmii 6ypep B 100-mmuturpoBom BagPage (Interscience) na 30-60 mMuH mpu KOMHATHOM
Temrieparype, romorennsupyor B Tedenue 90 ¢ B BagMixer (Interscience) u uHKyOHpYIOT (MM
B30QJITHIBAIOT W LEHTPU(PYTUPYIOT, KaK OMHCAHO Ui MUKPOPACTCHUH, JIMCTOBOIO Marepuaia U
KOpHei).

OTnevyaToK pacTHTEIbHOI TKAHH U/WJIM METOJ 1aBJIeHbIX NpenapaToB. JIUCTbs ¢ YepeliKaMu KT
OT/IeNIbHBIC MOOETH MPKUMAIOT K HEHIOHOBbIM MeMmOpanam. ITo maHHbIM, mpuBeneHHbiM Bertolini
etal. (2008, 2014a), Ha HeiinoHoBoM MemOpane 0,5 cM? MOXKHO CHIEIaTh HECKOIBKO YAaCTUYHO
MePEKPHIBAIOIIUXCS OTIICYaTKOB. MeMOpaHy ¢ IMMOOMIIN30BaHHBIM 00Pa3IIOM BBIPE3aI0T U MOMEIIAIOT
B MHUKpONpPOOHpKYy. MaHHNYyISIMH C WMMOOMJIM30BaHHBIMH 00pa3laMu HEOOXOAMMO HPOBOAWUTH
CTepHIIbHBIM NMUHIIETOM. OOpa3Ibl OTIEYaTKOB TKAHU HIIH JaBJICHBIX MPETapaToB MOKHO XPaHUTh MIPH
KOMHATHOM TeMIIEpaType B TEMHOM H CYXOM MecTe€ He MeHee Tpex mecsieB. s Beigenenus PHK-
MUILEHH U3 MEMOpaH B KaKAYI0 MHUKPONPOOMPKY C MMMOOMIM30BaHHBIM 00pa3loM A00aBISIOT 110
100 mxn rmmmHOBOTO Oydepa, 3areM COIAEpKUMOE IepEeMEIINBAalOT B BOpTEKCE W MPOOUPKY
IIOMEIIAIOT Ha Jief 10 nposenenus 1LP.

3.3.2 BoiesieHne HyKJI€HHOBBIX KUCJIOT

Cy1iecTByeT UPOKUAN CIIEKTP METOJI0B, KOTOPHIE MOYKHO MCIIOJIB30BATh JUISl BBIJIENEHNS HYyKJIEMHOBBIX
KHCJIOT, OT KOMMEPYECKHX TECT-CUCTEM J0 METO/I0B, OITYOJMKOBaHHBIX B HAYUHBIX )KypHaJIaX. X OpOIIO
3apexomeHnoBanu ceds 1 BersiBiienuss BBKK crnenyrone metonrkn n HaOOphI peakTHBOB.

Kommepueckne Hadopwl. Kommepueckne naGopsl RNeasy (Qiagen), MasterPure (Epicentre) u
Sbeadex maxi plant kit (LGC Genomics) MOryT HUCIOIB30BATHECS B COOTBETCTBHM C MHCTPYKIIMSAMH
npousBoaurensi. RNeasy onenuBaincs kak HaOop s Beinenenns PHK Bupyca BepereHooOpasHoCTH
KiIyOHel KapTodens u3 pasHbIXx Marpul B pamkax npoekra EUPHRESCO "BrisiBnenue u
snuaemuosnorus nocnmsupounios” (DEP) (EUPHRESCO, 2010).

Meton, ommcannwiii Mackenzie etal. (1997). PacrurensHyro Tkanb romoreHmsupytor (1:10
(B oTHOIICHNH Beca K 00beMy)) B musupyrorieM Oydepe (4 M ryanuans uzoruoinanara, 0,2 M arerara
marpus, 25 mM DJITA, 2,5% PVP-40 (B orHomenwn Beca K 00beMy) W 1% 2-MepKamTOITaHOI
(B 0ObEeMHOM OTHOIICHWM), TOOABICHHBIH HEMOCPEACTBEHHO IMEPEei MCIOIb30BaHUEM). 3ateM 1 Ml
romorenara cMermmBaoT co 100 mxm 20-mporieHTHOrO pacTBOpa capko3mia (B OTHOIIEHHH Beca K
06beMy) u wmHKyOupyror mpu Temmeparype 70°C B Teuenme 10 MHH B TepMOMHKCEpe, IpH
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nepemeniiBanun Ha 1200 00/mMuH. JIaHHBIH METOA MOXKET MCIOJb30BaThCs 1 Beiaenenus PHK u3
HIUPOKOTO CIIEKTPa PACTUTEIBHBIX TKAHEH.

Metox c¢ wucnoab3zoBanuem JJ/ITA-Oydepa. PactutenbHyro Tkanb romoreHusupyor (1:4
(B oTHOIICHHH Beca K 00beMy)) B TpocToM Jm3upytomieM oydepe (50 mM NaOH, 2,5 mM 3ATA) u
3ateM WHKyOupytor (nmpu Temmeparype okono 25° C B Tedenue 15 MuH) WM HEHTPHUQYTHPYIOT
(12 000 g nipu temmeparype 4 °C B Teyenue 15 mun). ITocie 3TOro CynepHaTaHt, B 3aBHCUMOCTH OT
TpeOyeMOro ypoBHs 4yBCTBUTEIBHOCTH, UCTIOJB3YIOT HenocpeacTBeHHo it OT-TILIP (MeHee BhICOKHIA
YPOBEHb YYBCTBHTECIBHOCTH) JIMOO HAHOCAT HAa HHUTPOLCIUTIOIO3HYI0 MEMOpaHy U 3JIIOUPYIOT,
UCIIOJIb3YSl CTEPHIBHYIO JIHCTH/UTHPOBAHHYI0 BOAy (0osiee BBICOKHI YPOBEHb UYYBCTBHUTEIBHOCTH)
(Singh etal., 2006). Xots konuentparws upouaa mis DJTA-meroma HIDKE, YeM OIS APYTHX
OMMCAHHBIX METO/AOB BBIACNEHHS, STO HE JOJDKHO CTaTh OTPAHWYMBAIOMIMM (DaKTOPOM MpPHU €ro
ucnonb3oBannu ¢ OT-IIIP unmu auroxcurennHosoii (DIG) MeTkoi. JJaHHBIN METOJ HCIIOIB30BAIICS C
S. lycopersicum u S. tuberosum u psiiom 1eKOpaTHBHBIX PACTECHHI.

DeHoa-xa0podopMHBbIIE MeTO BbIJAeIeHHSI ¢ ABYXITanHoil oOpadotrkoi IIJI'. Pacturenshyto
TKaHb TOMOTCHU3UPYIOT, HYKJIEHHOBYIO KHCIIOTY BBIACIAIOT, Kak omucano EOK3P (2004). Taunwusrii
METOJ] MCIIOJNB3YETCSl B COUCTAaHHU C BO3BPATHBIM IMOJMAKPHIAMHIHBIM Teib-3JekTpodopesom (R-
PAGE), DIG-PHK-tipo6oii u o00braabiMH  MeTogamMu  OT-ITIIP, omucaHHBIMH B HACTOSIIEM
JIMAarHOCTHYECKOM IPOTOKOJIE ISl IIMPOKOTO CIIEKTPa BHIOB PACTEHHUI U TUIIOB TKaHEH (Hampumep,
JMCThS ¥ KIIyOHU KapTodes).

Boinenenune ¢ ucnosn3oBanuem CTAB. PactutenbHylo TKaHb TOMOTCHH3HPYIOT, HYKJICHHOBYIO
KHCIOTY BbImenstor, kak ormucano EOK3P (2004). Metos BeigeneHus ¢ ucrnonb3oBannem CTAB
(6pommcToro neTHnTpUMETHIIAMMOHNS) rcttonb3oBaics ¢ OT-TILP B pexxume peasHOTO BpeMeHU IS
IIMPOKOTO CIIEKTpa BHIOB PACTEHWH M THUIIOB TKaHeW (HampuMmep, JIMCTbS M CEMEHa TOMATa;
EUPHRESCO, 2010).

Meton mMarnutHoi cemapamum 1. OmucaHHas HIDKE aBTOMATHUYECKasl IMpOIEypa OCHOBaHA Ha
ucnonb3oBanuu  KingFisher mL  Magnetic Particle Processor (Thermo Scientific). Tlpwu
COOTBETCTBYIOIICH KOPPEKTUPOBKE 00HEMOB BO3MOKHO HCITOJIb30Banue Apyrux mozeseit KingFisher.

Amnanusupyemsliii oopaserr (ne meree 200 Mr TKaHM JTUCTbEB WK KiTyOHeH oo g0 100 mryk cemsin)
MarepupyIoT, OCIIE Yero K HeMy cpasy JT00aBISIOT SKCTPAKIIMOHHBIN Oydep B COOTHOIICHUH | T TKaH!
JIUCThEB WK KiyOHel Ha 10 M1 Oydepa u 1 v cemsia Ha 20 Mt Oydepa. Mariepanuo npoaosDKaT 10
MOJYYEHHUS YHCTOTO KJIETOYHOTO JIN3aTa ¢ MUHUMAJIbHBIM COJIEP)KaHHEM OCTATKOB MHTAaKTHOH TKaHH.
OkcrpakiuonHsiii 0ydep cocroutr u3 200 mxn 8,39-mpoueHTHOro (B OTHOIICHHMH Beca K 00bemy)
pactBopa mupodocdara Harpus (TNaPP) (pH 10,0-10,9) u 100 MKJI HpPOTHBOINEHHOH 3MYJIbCHH
Antifoam B Emulsion (Sigma), no6asnennbix k 9,8 Mi1 ryannanHoBoro susupytoriero oydepa (I'JIB).
I'JIB coctout u3 764,2 r ruapoxiopuna ryauuauHa, 7,4 r nurunpara auaarpueBoit comu J/ATA, 30,0 T
TBII-10, 5,25 r MmoHOrHMapaTaTta JUMOHHOW KuciaoThl, 0,3 T TpuHaTpus mutpara, Svia Triton X-100,
250 M1t abCOTFOTHOTO ATHIIOBOTO criupTa M 750 MIT BOJIBL.

JlBa MIT nM3aTa MEpesMBAIOT B CBEKYIO MHKPOLCHTPH(YKHYIO MPOOUPKY M LEHTPUPYTUPYIOT TIPH
5000 g B Teuerue 1 mMunH. OMH MJI CylIepHATaHTa OTOMPAIOT M MMOMEIIAIOT B MEPBYIO MPOOUPKY (A)
crpuna KingFisher mL ¢ 50 mxn MAP Solution A, mepememaHHOro B BOPTEKCE C MarHUTHBIMH
gactuuamu (Invitek). B mpodupky B nobasmstor 1 mun ['JIB; B mpodupku C u D no6asmsiror 1 mut 70-
MPOIIEHTHOTO 3TaHoa, B ipobupky E — 200 mx Boxs! mimu 1x puc-3/ITA Oydepa.

Crpun ¢ npodupkaMu nomemaroT B ycranoBky KingFisher mL u 3amyckarot nporpammy (cM. puc. 2).
Uepes 20 MuH, ycTaHOBKa JejaeT may3y Juisd 3tana HarpeBanus. CTpun ¢ mpoOupkamMu Ha 5 MuH
MOMEIIAIOT B CYIIMIbHBIN miKad ¢ Temneparypoit 6570 °C, mocie 4ero BHOBb IOMEIIAOT B YCTAHOBKY
U BO30OHOBIISIIOT Mporpammy. B Opyrux Monensx 3Tanm HarpeBaHWs WM UCIIAPCHUS MOXKET OBITh
BCTPOCH B mporpammy. [lociie 3aBepIIeHUs MPOTrpaMMbl AIIOUPOBAHHBIC HYKJICHHOBBIC KHCIOTHI
MEPEHOCAT B HOBYIO MUKPOIICHTPU(DYKHYIO TIPOOUPKY.
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JlaHHBIN METOJI, TOMUMO KITyOHE! KapToderst U ceMsiH ToMaTa, HCIOIb30BAIH IS IMUPOKOTO CIIEKTPa
BUJIOB pacTeHUH 1 ipuMeHsuTH ¢ nByMs aHanm3amu OT-T11P u3 onucaHHBIX B HACTOSIIIEM MPUIOKESHUU
(em. pasgensr 3.3.3.4 u 3.3.4.2). IIpn HCIONB30BaHWK METOMA MATHWTHOW Cemapamudd 1 MOXKHO
OXHJIaTh, YTO 3HAYCHUs OporoBoro 1ukia (Ct) OyayT Ha HECKOJBKO IIMKIIOB BBIIIE, YeM [UIS APYTUX
METOJIOB BBIJICJICHUS, OINUCAHHBIX B HACTOSIIEM NPUIOKEHHH, HO BO3MOXHOCTh 0O0pabaThIBaTh
00JIBIII0E KOJTMYECTBO MPOO AeIaeT ero IeHHbIM MeTo oM BeiAencHus (Roenhorst et al., 2005).

Plate layout Default: Plate type = KingFisher tubestrip 1000 pl; Plate change message = Change Default

A: volume = 1000, name = Cell lysate or tissue homogenate; volume = 50, name = Magnetic particles;

B: volume = 1000, name = Washing buffer 1 (Various); C: volume = 1000, name = Washing buffer 2 (Various);
D: volume = 1000, name = Washing buffer 3 (Various); E: volume = 200, name = Elution buffer (Various)
STEPS COLLECT BEADS Step parameters: Name = Collect Beads; Well = A, Default; Beginning of step:
Premix = No; Collect parameters: Collect count = 1. BIND Step parameters: Name = Lysing, Well = A, Default;
Beginning of step: Release = Yes, time = 1min Os, speed = Fast dual mix; Bind parameters: Bind time = 4min
0s, speed = Slow; End of step: Collect beads = No. BIND Step parameters: Name = Lysing, Well = A, Default;
Beginning of step: Release = Yes, time = 1min Os, speed = Fast dual mix Bind; Bind parameters: Bind time =
4min 0s, speed = Slow; End of step: Collect beads = No. BIND Step parameters: Name = Lysing, Well = A,
Default; Beginning of step: Release = Yes, time = 1min 0s, speed = Fast dual mix; Bind parameters: Bind time
= 4min Os, speed = Slow; End of step: Collect beads = Yes, count = 4. WASH Step parameters: Name =
Washing, Well = B, Default; Beginning of step: Release = Yes, time = 0s, speed = Fast; Wash parameters:
Wash time = 3min 0s, speed = Fast dual mix; End of step: Collect beads = Yes, count = 3. WASH Step
parameters: Name = Washing, Well = C, Default; Beginning of step: Release = Yes, time = 0s, speed = Fast;
Wash parameters: Wash time = 3min Os, speed = Fast dual mix; End of step: Collect beads = Yes, count = 3.
WASH Step parameters; Name = Washing, Well = D, Default; Beginning of step: Release = Yes, time = 0s,
speed = Fast; Wash parameters: Wash time = 3min 0s, speed = Fast dual mix; End of step: Collect beads =
Yes, count = 3. ELUTION Step parameters; Name = Elution, Well = E, Default; Beginning of step: Release =
Yes, time = 10s, speed = Fast; Elution parameters: Elution time = 20s, speed = Bottom very fast; Pause
parameters: Pause for manual handling = Yes, message = Heating, Post mix time = 30s, speed = Bottom very
fast; Remove beads: Remove beads = Yes, collect count = 4, disposal well =D

Puc. 2. TIporpamma Jij1st aBTOMaTU3MPOBAHHOTO Tipolieccopa MaruutHbIX actul] KingFisher mL Magnetic
Particle Processor (Thermo Scientific).

MeToa MATHUTHOI cenmapanuu 2. B 1anHoi aBTOMaTH3UPOBAHHOM IpoLeaAype Ucrmonb3yercs Sheadex
maxi plant kit (LGC Genomics) u cucrema KingFisher 96 (Thermo Scientific). Cnenyer cobmronats
WHCTPYKIIUM TIPOU3BOJAUTENS, 3a HCKIIOYEHHEM TOTO, YTO BMECTO BXOJIIEr0 B TECT-HA0OP
nusupytoniero oydepa PN ucmonb3yeTcst ryaHuarMHa THIPOXJIOPHT TUIFOC JIU3UPYIOLTHi Oydep.

3.3.3 CranaapTHbIe MOJIEKYJ/IsIpHbIE MeTO/bI BbISIBJIE€HHUSI MOCTUBUPOH/10B
3.3.3.1 R-PAGE

Meton R-PAGE pexomennoBan kak oawH n3 MeTooB BelsBieHus BBKK, nnunmpyromero auctes
S. tuberosum (EOK3P, 2004), Ho oka3zaiicsi MeHee dyBcTBHUTEIbHBIM (mipenen ompenencuus (LOD)
87 893 nr BBKK), uem apyrue onenuBasimecs Monekyisipabie Meto sl (LOD nve Hmke 17 nr BBKK)
B KOJBLEBOM TecTUpoBaHMHM C aurokcureHnH-meuenoir (DIG-meuenoit) kPHK-npoGoi s
nByximaroBoit crangaptaoit OT-ITIP ¢ ncnoap3oBanueM mpaiiMepos, paspadoranusix Shamloul et al.
(1997), u merox OT-IILIP B pexxume peamsHOro Bpemenn Boonham et al. (2004) (Jeffries & James,
2005; cM. Taroke Tabnuiy 1).

JlaHHBI METOJ TaKXkKe C YCHEXOM HCIOJIB30BAJICA C JPYTUMU PAaCTEHHSAMHU-XO35€BaMH, Harpumep,
C. annuum, S. tuberosum (xxyonu) u S. lycopersicum. B cBsi3u ¢ €ro HHM3KOH 4yBCTBHTEIBLHOCTBHIO
TpeOOBaHU K pa3Mepy COOPHBIX IMPOoO HEOOXOAMMO BaIUAMPOBATD.

R-PAGE BrIsiBNsieT BCce M3BECTHBIC NOCIUBUPOUIBI;, B CBS3U ¢ 3TuUM i uneHTudukammn BBKK
nokHa ObITe TpoBemeHa OT-IILP HykIeWHOBOW KHCIOTHI C TIOCICAYIOIMUM CEKBEHHUPOBAHHEM
npoxaykra ITLIP.
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3.3.3.2 I'mopuamzanus ¢ DIG-meuenoii kPHK-npoooii

Hanubiii Meron pekomenaoBan st BeisiieHus BBKK, un@uuupyromero mmctbs S. tuberosum
(EOKK3P, 2004). UysctButensaocth MeTona K BBKK B mmcthsax S. tuberosum cocrasmia mo MeHbIIei
mepe 17 nr BBKK (Jeffries & James, 2005). Meton ycrenmHo ObLT UCHBITAH HAa JPYTUX XO35€BaX,
BKUIROYas Petunia spp., S. jasminoides, S. lycopersicum u S. tuberosum (kimyGHm).

Hcnonb3oBaginascs mpoda ocHoBaHa Ha mojiHopasMepuoM MoHoMepe BBKK npousBoacTBa KoMmanum
Agdia, Inc. (momep B katamore DLP 08000/0001). /Tarnyro mpoOy clieAyeT MCIONb30BaTh COTIACHO
HHCTPYKIUSIM TIpou3BoauTenst mbo obparuthes k EOK3P (2004) 3a onwmcannem mertoaa. I[Tomuimo
oybdepa Ames (EOK3P, 2004), mis BbLACICHHS HYKICHHOBOW KHCIOTBI MOTYT HCIIOJL30BATHCS
noavaTHIeHIHKOIE ([1317) u Apyrue SKCTpaKIOHHbBIE Oy (hepHl.

Hannsiii meton ¢ DIG-medenoit kPHK mipo0oii BBISBISET BCE M3BECTHBIC TOCIIMBUPOUIBI; IIOATOMY JIJISt
unaentudukanun BBKK momkna ObiTh mpoBenena OT-IILIP ¢ mocnenyromum CeKBEHHPOBaHUEM
npoaykra ITLP.

3.3.3.3 Cranaapraas OT-IILP c ucnosib30BanueM npaiiMmepos, pa3padoTaHHBIX
Verhoeven et al. (2004)

B nanHoMm aHanm3e UCmosb3yroTcs npaiiMepst Pospil u Vid, paspaborannsie Verhoeven et al. (2004).
IMpaiimepsr Pospil eeusiBisitor CEV, Bupoua kapmukoBoctu xpusantem (CSVd), Irvd-1, MPVd,
PCFVd, BBKK, TASVd, TCDVd u TPMVd. IIpaiimepsr Vid Beiseiasior BBKK, TCDVd 1, momumo
storo, CLVd. Ucnone3oBanue npaiimepoB POSpil u Vid B AByX OTHENbHBIX PEaKLUSIX MO3BOJISCT
UICHTU(HUIUPOBATh BCE M3BECTHBIE MOCTIMBUpOWABL. OJHAKO YacTHYHAsh HEKOMIUIEMEHTapHOCTH B
KPUTHYECKUX TOUKaX MpaiMepa U caiiTa-MHUIICHU MOXKET MOMEIIATh BBISIBICHUIO HEKOTOPBIX H30JISITOB
nocrnuBupouioB (Hanpumep, nzoisit CLVd npu ucrosib30BaHUM STHX TPaiMepOB HE 00HAPYKUBACTCS;
Steyer et al., 2010), u moTpeOyrOTCS TOMOJIHUTENbHBIC TPARMEPBI VTS BBISBICHUS -TAKMX H30JISTOB.
Uccnenosanus in sSilico mokasamu, 4to M3-3a HEKOMIUIEMEHTAPHOCTH MpaiiMepa U caifTa-MHIICHH
cnenyroume u3oisatel BBKK moryr He wmaentudunumpoBathes: mpaimepsr Pospil — EU879925,
EU273604, EF459697, AJ007489, AY372398, AY372394, FM998551, DQ308555, E00278;
npaiivepst Vid — EU2736042. Jlnsa seissnenuss BBKK npaiimepsl POSpil HAMHOTO 4yBCTBUTENIBHEE, YEM
npaiimepsr Vid.

Ipaiimepor

Pospil-FW: 5-GGG ATC CCC GGG GAA AC-3" (mykieorus (ut) 86-102)
Pospil-RE: 5-AGC TTC AGT TGT (T/A)TC CAC CGG GT-3 (ur) 283-261)
VidFW: 5-TTC CTC GGA ACT AAA CTC GTG-3" (ur 355-16)

Vid-RE: 5"-CCA ACT GCG GTT CCA AGG G-3" (ut¥cnosus peaxyuu

Tect-cuctema One-Step RT-PCR Kit (Qiagen) 3apekomeHmoBaja CBOK HAJCKHOCTh IIPH
ucnonb3oBannu s BeisBiaennss BBKK, CEVd, CLVd, CSVd, TASVd u TCDVd B otaensHbIX mpodax
(EUPHRESCO, 2010), a Takxe apyrux MOCIHBHPOUIOB, EPSUMCICHHBIX B Ha4aje 3TOT0 pasjela.
Ucnonb3oBanne Q-pactBopa, ommcannoro EUPHRESCO (2010), He sBisiercss HEOOXOIMMBIM.
Bo3moxHO rcnonb3oBanne paznuyHbix HaoopoB ans OT-TILP u ycnoBuit peakiiuy, HO IpU YCIOBUU
MPOXOKICHUSI MMHU TPOLENyphl BaWIAllUK, TOATBEPKAAIONICH WX COOTBETCTBUE ITOCTABICHHON
3aja4e, C BBISIBIICHHEM BCEX COOTBETCTBYIOLIMX MOCIMBUPOUIOB. 354-336)

JIBa MKJI MaTpHIIbl JO0ABJISIOT K 23 MKJI MAaCTep-MHKCa, COJIEpIKaIero mo 1 MKJI MpsiMOro ¥ 00paTHOIrO
npaiiMepoB (10 MmxM), 5 mxit 5% One-Step RT-PCR 6ydepa, 1,0 mxi cmecu pepmentoB One-Step RT-
PCR, 1,0 mxxn cmecu fHT® (o 10 mM kaxaoro) u 14 Mk BOABI. YCIOBUS TEPMOUMKIMPOBAHUS:

30 muH mpu 50 °C; 15 mun npu 95 °C; 35 nukior o 30 ¢ mpu 94 °C, 60 ¢ npu 62 °C u 60 ¢ pu 72 °C;
3aBepIIAOINKI 3Tall 3oHTaluu: 7 MuH mpu 72 °C.
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T'env-a1exkmpodghopes

IMoce OT-TTLP npoayktst TP (mpubnusurensho 197 m.H. u 359 m.H. s npaiimepos Pospil u Vid
COOTBETCTBEHHO) [OJDKHBI OBITh MNPOAHAIM3UPOBAHBI C HCIOJIB30BAHHEM Tellb-IeKTpodopesa
(2-npouentHpiii  arapo3Helii  renb) W [1I[P-aMIUIMKOHOB ~ COOTBETCTBYIOIIETO  pa3Mepa,
CEKBEHMPOBAaHHBIX A WACHTH(UKauuU BuAa BuUpouna. Ha mpakTuke ceKBEeHHMpOBaHHE aMILTMKOHA
mmHOM 197 m.H. Bcerza MpHBOIMIIO K TAKOMY )K€ Pe3yJIbTaTy, Kak CeKBEHHPOBAHNE MOJHOTO TeHOMa
BHpOUA.

3.3.3.4 OT-IILP B pe:kume peajibHOI0 BpeMeHH ¢ HCIOab30BaHueM MeToaa GenPospi
(Botermans et al., 2013)

B merone GenPospi ucnonesyercs OT-IILIP B pexxumMe peanbHOro BpeMeHH ¢ 30HAOM TagMan, 4ro
MO3BOJISIET BBISIBIIATE BCE M3BECTHBIC BUIBI poaa Pospiviroid. AHanus cocTOMT U3 ABYX MPOXOASIIHX
HapajvieNbHO peakiid: mnepBas (peakuuoHHas cMech 1) MaeHTUUIUpPYET BCe MOCHMBHUPOUIBI, 3a
uckmouennem CLVd (Botermans etal., 2013); Bropas (peakiuoHHass CMeCh 2) CHEHU(PHYHO
unenrupunupyer CLVd (Monger et al., 2010). [ns xoutposns Beigencuust PHK B ananu3 BkitoueH
BHYTPCHHHI KOHTPOJIb Nadd, OCHOBaHHBIM Ha mpaiimepax, paspaboranusix Menzel et al. (2002) mst
ammnpukanun MPHK 13 mutoxonapuii pacrennii (Mutoxonapuaibubiii red NADH-aeruaporenassr).
Banupaius merona (cM. tabnuily 1) Ha JIMCTRSIX TOMaTa Mokasaja, 4To ¢ noMols GenPospi MoxHO
ONpPEACNATh M30JIATHI M3 BCEX H3BECTHBIX BHUJOB  IOCIUBHPOMIOB C  OTHOCHTEIIBHOM
gyBcTBUTeNbHOCTRIO 0,13% (ut0 cooTBercTBYeT pasBedenuro 1:770). JlaHHbBIA METO SIBISETCS
crelUIHBIM, TOCKOJBKY TEPEeKPECTHOW peakiud ¢ JAPYTMMH BHPOWAAMH, BHPYCAMHU WIH
HYKJICMHOBBIMH KHCJIOTaMH PAaCTCHHUI-X03s51€B HE OTME4YeHO. [I0BTOpsSEMOCTh U BOCIPOU3BOIMMOCTD
3TOr0 METOoja B MekiaboparopHom cpaBHeHunn coctaBmwia 100%. Mertox GenPospi 3apekomeH1oBa
ce0s1 Kak XOpOLIMH MHCTPYMEHT JIIsi KPYITHOMAcIITaOHOTO CKPHHUHTA NOCTIMBUPOUIOB. it Apyrux
00pa31ioB (MOMHMO JIMCTHEB TOMATa) JAHHbIH aHAIN3 HEOOXOIMMO BaJIUIUPOBATD.

Ipaiimepor

TCR-F 1-1: 5-TTC CTG TGG TTC ACA CCT GAC C-3" (Botermans et al., 2013)
TCR-F 1-3: 5°-CCT GTG GTG CTC ACC TGA CC-3" (Botermans et al., 2013)

TCR-F 1-4: 5°-CCT GTG GTG CAC TCC TGA CC-3" (Botermans et al., 2013)

TCR-F PCFVd: 5°-TGG TGC CTC CCC CGA A-3" (Botermans et al., 2013)

TCR-F IrVd: 5°-AAT GGT TGC ACC CCT GAC C-3" (Botermans et al., 2013)

TR-R1: 5°-GGA AGG GTG AAA ACC CTG TTT-3" (Botermans et al., 2013)

TR-R CEVd: 5"-AGG AAG GAG ACG AGC TCC TGT T-3" (Botermans et al., 2013)
TR-R6: 5"-GAA AGG AAG GAT GAA AAT CCT GTT TC-3" (Botermans et al., 2013)

CLVd-F: 5°-GGT TCA CAC CTG ACC CTG CAG-3" (Monger et al., 2010)
CLVd-F2: 5"-AAA CTC GTG GTT CCT GTG GTT-3" (Monger et al., 2010)
CLVd-R: 5-CGC TCG GTC TGA GTT GCC-3" (Monger et al., 2010)

nad5-F: 5°-GAT GCT TCT TGG GGC TTC TTG TT-3" (Menzel et al., 2002)
nad5-R: 5°-CTC CAG TCA CCA ACATTG GCA TAA-3" (Menzel et al., 2002)

30H0b1
pUCCR: 6FAM-5"-CCG GGG AAA CCT GGA-3-MGB (Botermans et al., 2013)
CLVd-P: 6FAM-5"-AGC GGT CTC AGG AGC CCC GG-3"-BHQ1 (Monger et al., 2010)

nad5-P: VICr-5-AGG ATC CGC ATA GCC CTC GAT TTA TGT G-3'-BHQ1 (Botermans et al.,
2013)

O0e peakumoHHble cMecH ocHoBbIBaroTcs Ha TagMan RNA-to-Ct 1-Step Kit (Applied Biosystems).
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Peaxkuuonnan cmeco 1 (6ce nocnueupouowt, kpome CLVd + nadb)

JanHast peakuuoHHas cMech coctouT m3 12,5 mka cmecum 2x TagMan RT-PCR, 0,6 mxn cmecu
depmentor 1x TagMan RT, 0,75 Mk (10 mxM) npsimeix npaiimepoB (TCR-F 1-1, TCR-F 1-3, TCR-F
1-4, TCR-F IrVd, TCR-F PCFVd u nad5-F) u oopatusix npaiimepoB (TR-R1, TR-R CEVd, TR-R6 u
nad5-R) (urorosast xonuentpanus kaxmoro 0,3 MmxM), 0,25 mxn (10 MxM) TagMan-3zouma pUCCR
(uroroBas xommentparms 0,1 mMxM) u 0,5mxn (10 MmcM) TagMan-zonma nad5-P  (utorosas
kouuenrparus 0,2 MkM). Boay MmosekynsipHO-Groornyeckoro kadectsa u 2 Mk PHK-matpwuiist
JOOABIISIOT 7S TOBEIEHUSI OKOHYATEITHHOTO 00bheMa J0 25 MKII.

Peaxyuonnasn cmeco 2 (CLVd + nadb)

Jannast peakuuonHas cMech coctoutr u3 12,5 mkn cmecum 2x TagMan RT-PCR, 0,6 mxn cmecu
depmentor 1x TagMan RT, 0,75 mxi (10 mxM) npsimbix npaiimepoB (CLVd-F, CLVd-F2 u nad5-F) u
obpatusix mpaiiMepos (CLVd-R u nad5-R) (urorosast kourentpanus kaxaoro 0,3 mxM), 0,25 mxr (10
MkM) TagMan-3ouna CLVd-P (utorosas konuentpaiws 0,1 MmcM) u 0,5 mxi (10 mxM) TagMan-3ona
nad5-P (utorosas xourenTpanusa 0,2 MKkM). Boay MONeKyIIpHO-OMOIOTHIECKOT0 KayecTBa M 2 MKJI
PHK-matpuibl 100aBIsIOT 1715 TOBEACHUS OKOHYATEIHHOTO 00heMa 10 25 MKII.

Y ciioBUsI TEPMOIMKIUPOBAHUS AJ1s1 00enX peakunoHHbIX cMmeceit: 15 mun npu 48 °C, 10 mun mpu 95 °C,
40 rukmoB o 15 ¢ mpwm 95 °C u 1 mun pu 60 °C.

Hns  nmanHoro wmeroma Botermans etal. (2013) wunrepnperupoBanu 3Hauenusi Ct <32 kak
MOJIOKUTENbHBIE, 3HA4YeHHWS B [uama3oHe Mexay 32 u 37 Kak HeJoCTaTO4YHbIe, TpeOyolue
MONTBEP)KIACHUS, W 3HaueHus >37 Kak oTpuuareibHble. OAHAKO 3TH 3HAYEHHs] MOTYT MCKIIIOYaTh
HU3KHUE YPOBHH WHOHUIHMPOBAHHUS B HEKOTOPBIX TKaHSAX W TOTPEOYIOT ONpeieieHUs] B KaKAOH
nabopaTopuu.

3.3.4 Bricokocnenuduunbie MoJieKyJIsipHble MeTObl 00Hapy:xeHnss BBKK

3.3.4.1 Cranpapraas OT-IILP c ucnosib30BanueM npaiiMmepos, pa3padoTaHHBIX
Shamloul et al. (1997)

IIpaiimepsr st OT-IILP, ucnonp3oBaHHBIE B 3TOM aHanu3e, paspadoransl Shamloul et al. (1997) u
omucanbl Takke Weidemann and Buchta (1998). auusie npaiimepst BeisiBisitor MPVd, BBKK, TCDVd
u TPMVd. UccrnenoBanus in Silico mokasamu, uro criemyromme wu3onsatei BBKK wmoryt He
JIETeKTUPOBATHCS M3-3a2 OIIMOOYHOTO CHAPHUBAHUS MPaiiMep-MOCIeI0BATEIbHOCTEH B KPUTHYCCKHX
toukax: AY372394, DQ308555, EF459698 mis o6paTHOTro npaiiMepa. Eciin pu ncnonb30BaHAN 3THX
npaiimepoB PHK He Obuta amminduimpoBana, MOXXHO UCIIOJIb30BaTh mpaiimepsl Vid.

Ipaiimeput
3H1-F: 5-ATC CCC GGG GAA ACC TGG AGC GAA C-3" (ar 89-113)
2H1-R: 5"-CCC TGA AGC GCT CCT CCG AG-3" (ut 88-69)

Memoo 1 (SuperScript One-Step RT-PCR with Platinum Taq (Invitrogen))

Juns xaxnon peaknm 1 Mxn matpuanoit PHK no0aBistor k 24 MK MacTep-cMecH, B KOTOPYIO BXOJISIT
no 1,7 MK KaXI0ro U3 HpsAMbIX U o0patHbIX mpaiimepoB (15 MxM), 12,5 mxn 2x Reaction Buffer,
0,5 mxst RT/Platinum Taq u 7,6 Mk Bozsl. YcioBus TepmorukiaupoBanus: 30 mun npu 43 °C, 2 muH
npu 94 °C, 3arem 10 nukios 30 ¢ mpu 94 °C, 90 ¢ npu 68 °C u 45 ¢ npu 72 °C, 3atem 20 muxios 30 ¢
npu 94 °C, 90 ¢ npu 64 °C u 45 ¢ npu 72 °C, 3aBepmaromuii 3tan 3noxranuu: 10 mus npu 72 °C u 1
muH nipu 20 °C.

Memoo 2 (OT-I1LP 6 0sa smana)

Tpu mpoBeieHUH TaHHOTO aHAIN3a YYBCTBUTEILHOCTH K BhistBiicHHio BBKK B S. tuberosum cocrasmnsier
He MeHee 17 i BBKK — camasi HM3Kasi U3 HCIBITHIBABIINXCS KOHIIEHTpanuid. OMHAKO JOCTUragMast
YyBCTBUTEIIPHOCTh B Pa3HBIX JIA0OpaTOpUSX pa3iudHa, W B OOibIMHMHCTBE Jaboparopmii BBKK
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o0HapyKUBatOT pu KoHIeHTpaiwu He meHee 89 mr (Jeffries & James, 2005). Onucanue metozaa 2 cM.:
EOK3P (2004).

[Tocne OT-TIILP mnpoaykrer TP (mpubnusurensro 360 m.H.) aHATM3UPYIOT C MOMOUIBIO Tellb-
anekTpodope3a, Kak ONUCAHO, W AaMIUIMKOHBI HYXHOTO pa3Mepa CEKBEHUPYIOT, UTOOBI
UICHTU(HUINPOBATH BUJ BUPOHIA.

BHyTpeHHHiT KOHTPOJIb ¢ Mcnonb3oBanueM npaiimepos nad5 (Menzel et al., 2002) npoBoausics ¢ 3TUM
METOJIOM B cHMILICKCHOM (oTmenbHO#) peakimu (Seigner et al., 2008). IpaiiMepbl UCIONB3YIOTCS B
KoHeuHOU koHueHTparwu 0,2 uM. JlnuHa amriukona — 181 m.H.

nad>5 sense: 5 -GATGCTTCTTGGGGCTTCTTGTT-3" (ur 968-987 u 1836-1838)
nad5 antisense: 5-CTCCAGTCACCAACATTGGCATAA-3" (ut 1973-1995)

3.3.4.2 OT-IILP B pe:kuMe peaibHOT0 BpeMeHH C HCIOJIL30BAHMEM MPaiiMepoB,
paspadoranabix Boonham et al. (2004)

IMpaiiMeps! 1 30H]1, UCIIOJIB3yEMbIE B 3TOM aHanu3e, paspadboranst Boonham et al. (2004). Oxnako Hu
3TOT aHAJIN3, HU JIIOOOH Ipyroi u3 omyOIMKOBaHHBIX KOJIMYECTBEHHBIX aHAIN30B B PEAIbHOM BPEMEHU
He uneHtupunmupyior BBKK cnemmduueckn. Ecnmu OT-IILP B pexume peanbHOTO BpeMEHH AaeT
TIOJIOKHUTENBHBIA ~ pPe3yNbTaT, BHPOWJA HEOOXOAWMO OyIeT HIACHTU(QHUIMPOBATH, HCIONB3YS
crangaptayto OT-IILP u cekBeHHpOBaHUE.

Hannsriii ananus Beisieiisier BBKK, MPVd, TCDVd u TPMVd. YyBcTBUTETEHOCTS K BhIssBIIcHHI0 BBKK
B S. tuberosum npu ucnosnb3oBannun CTAB-metona Beizenenus cocraBuia Muaumym 17 it BBKK —
camasi HU3Kas uccienoBaBiasics kKonuenrpaus (Jeffries & James, 2005). Tects ¢ BapuanTamu BBKK
W CHHTETHYECKMMH OJMIOHYKJICOTHIAMM ITOKa3ajld, YTO JaHHBIH aHalu3 HIACHTHPHUINPYET BCE
W3BECTHBIE BapUaHTHI ocieaoBarensHocteii (Boonham et al., 2005). OxHako AUBEPreHTHBIE H30JISATHI
VIR-06/7L u VIR-06/10L, HenaBro ommcannbie Owens et al. (2009), moryt He uAeHTHOUIIMPOBATHCS
W3-3a BCTPAWBAHHS JOMOJHHUTEIBHOTO OCHOBAaHHUS (JIOTMOMHUTEIBHBIX OCHOBAHWH) Ha YyYacTKe
cesaspiBanms 3ou1a (W. Monger, muanoe coobrenue, 2011 r.)2.

Ipaiimepor

PSTV-231-F: 5"-GCC CCC TTT GCGCTG T-3" (nt 232-247)

PSTV-296-R: 5-AAG CGG TTC TCG GGA GCT T-3" (nt 297-279)

PSTV-251T: FAM-5"-CAG TTG TTT CCA CCG GGT AGTAGC CGA-3" TAMRA (nt 278-252)

IMpaiimepst COX BHYTpEHHETO KOHTPOJIS aMILTH(DUIMPYIOT F'eH IIATOXPOMOKCH 1a3bI 1, 0OHAPYKESHHbIH
B Mutoxonapusx pacrenuii (Weller et al., 2000).

COX-F:5°-CGT CGC ATT CCA GAT TAT CCA-3
COX-R: 5"-CAA CTA CGG ATATAT AAG RRC CRRACC TG-3
COXsol-1511T: VIC-5"-AGG GCA TTC CAT CCA GCG TAA GCA-3° TAMRA

PeakimonHasi cMech paccurtaHa Ha 96-IyHOUYHbIH IUIAHIIET M MPEACTABISCT CO00N MOANU(UKAIIUIO
meromga EOK3P (EOK3P, 2004), Biro4aromero IymieKCHY0 peakiuio mis oonapykerns BBKK u
COX u cumrutekcHyro peakimto st oonapykennss BBKK (Roenhorst et al., 2005).

Peakmnonnast cMech cocroutT u3 13,75 mxm Bomsl, 25 mxa 2% Master Mix (Applied Biosystems),
1,25 mxn 40x MultiScribe Reverse Transcriptase (Applied Biosystems), mo 1,5 mxn kaxmoro u3
npaiimepoB PSTV-231-F u PSTV-296-R (10 uM) u 1,0 mxn 3onma PSTV-251T (5 puM). Cwmech
pa3aeisaoT Ha JABE paBHBIC YacTh 00beMoM 1o 22 Mk, A u B. B wacte A 100aBistoT 2 MK BOJIbI, B
gacth B nobasmsitor no 0,75 Mk kakporo npaiimepa COX (10 uM) u 0,5 mxn 3oama COXsol-1511T
(5 uM). Tlo 1 mxn PHK-murienu no6aBinsioT Kk 4yactaM A u B, 10BOAS OKOHYATENBHBIH 00BEM

! Jlanuwie na 1 mapra 2010 roga (W. Monger, B iuunom coobuieruu, 2011 rox).
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PEaKIIMOHHOM cMecH 110 25 MKJI Ha JIYHKY peakIIHOHHOTO TUTaHIIeTa. PeakiimonHas cMech A obecreuuT
unaentudukanuto BBKK, peakunonnas cmech B — unentudukamo BBKK u COX B aymiekcHoi
PEaKIuu.

Ycnosus tepmonuknupoBanust: 30 mut nipu 48 °C, 2 mun nipu 95 °C u 40 nuknos o 15 ¢ npu 95 °C u
1 mun npu 60 °C.

3.3.4.3 OT-IIIIP B pe:xume peannHoro Bpemenn (Tecr-cucrema Plant Print Diagnostics)

B 1aHHOM aHanmmM3e HMCIONB3YIOTCS TpaiiMepsl W 30HI, paspaboranubie Bertolini etal. (2010) u
JOCTYIHBIE B KOMIUTeKTe mpom3BoacTBa Plant Print Diagnostics (Ref. PSTVd/100). Ananu3 BbisiBisieT
CLVd, BBKK u TCDVd. Jomkusr unearnduuposatscs Bce 327 nzomatoB BBKK, mpeacraBieHHBIX
B 0Oasze manabix GenBank, mockonbky wuccinemoBanus In SiliCO mpoaeMOHCTpUpOBadHM, 4YTO BCE
OIMOOYHBIC CIAPUBAHMS IPAMEP-TOCIEeI0BATEIBHOCTEH HAXOJUINCh HE B KPHUTHYECKUX TOYKAX
(N. Duran-Vila, muunoe coobmienune, 2014).

JlaHHble IO BaMIaIMK TIpeacTaBiicHbl B Ta0mure 1.

Hpaiimepo

PSTVd-F: 5’-CCT TGG AAC CGC AGT TGG T-3’ (ur 339-357)

PSTVd-R: 5°-TTT CCC CGG GGA TCC C-3’ (ut 87-102)

PSTVdP: FAM-5’-TCCTGTGGTTCACACCTGACCTCCTGA-3’ TAMRA (ut 19-45)

[MTIP-KOKTEHIb COMEPIKUT JTUOPHIHN3UPOBAHHBIC TIpaiiMephl U 30H (IIOCTABJIAIOTCS B TECT-HAOOpE), K
KOTOPBIM MOXHO JT00aBUTh JTFO0YI0 KOMMepUecKyto Mactep-cmech it OT-TTLP. Jlns kaxxno peakiuu
3 Mk matpuunoit PHK mobasnstot k 9 Mk [TIP-kokTeins, cocTosiero u3 6 MKI KOMMEPUYECKOTO 2X
OT-IILIP 6ydepa, mo 0,6 Mx ipssmoro u obpaTHoro mpaiiMepor (10 uM), 0,36 Mk 3ou1a TagMan (5
uM), 0,5 Mk 25x OT-IIIP cmecu depmentoB u 0,94 MKIT BOIBI IS JOBEACHHUS OKOHUYATEIHHOTO
oOBvema peaxiuu 10 12 MKII.

Ycnosus tepmonukiupoBanust: 10 mun npu 45 °C, 10 mun nipu 95 °C u 40 muxiios (15 ¢ mpu 95 °C u
1 mun ipu 60 °C).

IIpy nMcHoNb30BaHUM 3TOr0 MeTojAa 00pas3ell CUMTAeTCsl MOJOKUTENbHBIM, eciau BenuunHa Ct <40 u
OTpHULIATENIbHbIE KOHTPOIM OTpHUIATeNbHbl (amiummdukaims orcyrcTByer). OOpaser sBIsSeTCs
oTpunaTensHbIM, Koraa BennunHa Ct >40 1 monoXuTeNbHbIe KOHTPOJIN TTOKA3bIBAIOT aMILTH()UKAIHIO.

3.4 KoHTpo/IM MOJIeKYJISIPHBIX AaHAJIN30B

UToOBI pe3ynbTaT aHAW3a CUUTAJICS HANCKHBIM, KOKIas CEpUs BBIACICHUS HYKJICHHOBBIX KHCIIOT H
aMIu(pUKa HYKJIEHHOBOW KHCIOTHI BUPOWIA-MUIICHU JIOJDKHA COMPOBOXIATHCS IMOCTAHOBKOM
HaJJISKAIUX KOHTPOJIEH, BEIOOP KOTOPBIX 3aBUCUT OT THIIA UCIIOIB30BAHHOTO aHaln3a U TPeOyeMoro
ypoBHs goctoBepHOCTH. J{71s1 OT-ITLP 1010KUTENBHBIN KOHTPOJIb BEIICICHUS HYKJICHHOBON KUCIIOTHI,
BHYTPEHHHH KOHTPOJb WM OTPHUIATENbHBIA KOHTPOJIb aMIuTHpHUKauid (KOHTPOJIbL 0€3 MaTpHIlb)
SIBJISIEOTCSL TEM MUHUMYMOM, KOTOPBIH ClIeAyeT UCIOJIb30BAaTh.

Ilo/10KATEJBHBIA  KOHTPOJb BbIJEJICHUS HYKJICHHOBOW KHCJOTBHI. [laHHBIA  KOHTPOJb
WCTIONB3yeTCA ISl  OTCIIeKHBAHHMS NPOAYKTMBHOCTH aHajn3a. B KkayecTBe KOHTPOJS MOTYT
WCIIOJIb30BaThCS MPEIBAPUTEIHHO MOATOTOBIEHHAS (COXpaHEHHAs) HYKJIEHHOBas KHCJIOTa BHPOUIA,
JIHK mocrne TOMHOTGHOMHON aMmin(UKaluyd WX CHHTCTHYECKUH KOHTpONb (Hampumep,
KJIOHHpoBaHHbIH npoaykT [1LIP) ¢ ncronp3oBaHneM ToM ke napsl MpaitMepoB, YTO HCHOIB30BATACH JUIS
nertekiuu. Takke MOXKET HCHONIb30BAThCS KOHTPOJNb Tpefena OOHapyKeHus (HE sBISeTCS
00513aTeIIbHBIM).

BuyTpennnii koutpoab. s cragmaptaort OT-IILP u OT-IILP B pexxume peaabHOT0 BpeMEHHU
koHcTuTyTHBHBIN el (KI') pactenus, Hanpumep COX mmu NAD, Brmoyatot B mpotokon OT-TILIP,
YTOOBI HWCKIIOYUTH BO3MOXKHOCTH JIO)KHOOTPHIATENBHBIX PE3YNbTaTOB B CBS3M C HEynaded IpH
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BBIJIETICHNH HYKJICHMHOBOW KHUCIOTHI JHOO JAerpajalii Wid MpucyTcTBus wuHruouropos I[ILIP.
[IpeAnOYTUTENBHBIM SIBIISICTCS WCIIOJNIB30BAaHUE MNpaliMEepOB BHYTPEHHEI'O KOHTPOJS B JIYIUICKCHOU
peakiuu ¢ mocnuBupounamu/BBKK-npaiimepamu. OHako, OCKOJIBKY TOOHTHCS 3TOT0 63 CHIKEHUSI
YyBCTBUTENBHOCTH aHAN3a K BUPOUIY MOXET OBITh 3aTPYAHUTENBHO, PEKOMEHIyeTcs, KOrna 3TO
1eNIeco00pasHo, MPOBOJANTh AYIUIEKCHYIO peakiuio mocruBuponnoB/BBKK-mpaiimepos ¢ KI'-
npaiiMepamH, a TaKkkKe CUMIUIEKCHYIO PeakInio TobKO ¢ mocnuBuponaamu/BBKK-npaitmepamu.

Murtoxouapuanbheiii TeH nadb cyobenununiiel 5 NADH-meruaporenassl mokaszan cebs HaJeKHBIM
WHJIMKATOPOM KauyecTBa MPOIEAYpPhl BhIICICHHUS U dTarna 00paTHON TPAHCKPHIIMH JJIsl CTAaHAAPTHON
OT-IIIP (Menzel etal., 2002). Ou mpoIren UCILITaHHS CO MHOTHMH BHIAMH PACTEHHM, BKJIIOYAS
S. tuberosum u agpyrume Buael Solanum (S. bonariensis, S. dulcamara, S.jasminoides, S.nigrum,
S. pseudocapsicum, S. rantonnetii u S. sisymbrifolium), Acnistus arborescens, Atropa belladonna,
Brugmansia spp., Capsicum spp., Cestrum spp., Lochroma cyanea, Nicotiana spp. u Physalis spp.
(Seigner et al., 2008). TTpaiimepsr had5 mepeKpHIBAIOT HHTPOH M, CJICIOBATENBHO, HE aMIUTH(HIIUPYIOT
JHK. PHK ammuduimpyercs mocie ynaneHust ”HTpOHA.

XoTs B Ka4ecTBEe BHYTPEHHETO KOHTPOJISI B 9TOM MpoTokose ucnoinbsyercs red COX, npaiimepsr COX
ammmudunupyor PHK u JIHK, cooTBeTcCTBEHHO NaHHBI KOHTPOJbL CBUACTEIBCTBYET O KayecTBE
ammumpunupyemoii IHK, a ve ogroit PHK u e kxonTponmupyer stam OT.

Ecnu B onucanuu merona [P He ynomunaercst BHyTpeHHuit kontposs COX unu nads, mabopatopust
JIOJDKHA BHIOpATh BHYTPEHHHUN KOHTPOJIb M BAJIMAUPOBATH €TO.

OTpunaTebHbIi KOHTPOJb aMIUIHpuKanuu (KOHTPOIL 0e3 MaTpuubl). J[aHHBIH KOHTPOJIb
HeoOxoaum utst cranaapTaHoit OT-TILP u OT-IILP B pexunme pearsHOTO BpEMEHH, YTOOBI UCKIIFOUNTh
JIOKHOTIOJIOKUTENIbHBIE  Pe3yNbTaThl, OOYCIOBJICHHBIE 3arps3HEHHEM BO BPEMs MPUTOTOBJICHUS
peakuMoHHOM cmecu. Mcrnosb3oBaBuiasics MpU MHOJATOTOBKE peakIMOHHOW cMecu Boja mis [IIP
no0aBiieHa Ha 3Tare aMITH()UKaIIH.

Ilos10KUTEIBHBIA KOHTPOJIb BbiAedeHHs. J[aHHBIN KOHTPOJIb HCIOJB3YETCS JUIsl MOATBEPIKICHUS
TOTO, YTO HYKJIEHMHOBas KHUCIIOTa BHPOWJA-MHUIIEHH BBINEIEHA B JOCTAaTOYHOM KOJIMYECTBE H
nocrarouHoro kadectBa ansi OT-TIHP w 4To BUpOMI-MHUIIEHb TOJIaeTCS OOHAPYKEHHIO.
HyknenHOBYIO KHCIIOTY BUPOUJIA BBIACTSIOT W3 TKAaHW WHOUIIMPOBAHHOTO PACTEHUSI-X03WHA WIH U3
TKAaHH 3JJ0POBOTO PACTEHMs], B KOTOPYIO BHECIH BUPOU,.

[ToJ10KUTENBHBIH KOHTPOJIb COCTABISIET puMepHo 1/10 KonmmuvecTBa TKaHH JTUCTHEB OJHOTO PACTCHUS,
ucnonb3oBaHHOTO s Bhiienenus PHK. Eciu 00pasibl 00bequHsIN B COOPHYIO MPOOY, KOITUYECTBO
MIOJIOXKHUTETEHOTO KOHTPOJIS CIIEAYET COOTBETCTBEHHO KOppeKTHpoBath (Hanpumep, 10 cepuii 00pasios
mo 20 mr, o0benuHeHHbIX s Boiaesenus PHK, 2 mr unduimpoBanubix muctheB + 198 Mr TkaHu
3IOPOBBIX JTUCThEB KapTodens). Eciau PHK He BbieneHa, aHa u3 MOBTOPSIIOT JIMOO YMEHBIIIAIOT HOPMY
00BeIMHEHNS 10 TEX MOP, TOKa He OYIET JOCTUTHYTO TOCTOBEPHOE BBIICTICHUE.

IIpu xontpone OT-IILIP cnexyer npuHATH MEpBI [Tl IPEAOTBPALIEHHS a3PO30JIbHOTO NEPEKPECTHOTO
3arpsi3HEHUS] OT TOJIOKUTENBHOTO KOHTPOJIS HIIM TIOJIOKHUTENBHBIX 00pas3roB. VICcronb30BaHHBIA B
71a00paTOPUH KOHTPOJIb CIIETyeT CEKBEHHPOBATH TAK, YTOOBI ITOJIyYEHHYIO IIOCIeI0BATEIbHOCTD MOXKHO
OBLIO JIETKO CPAaBHUTD C MOCIIE0BATENLHOCTHIO, TOMydeHHOH oT [11{P-aMIiInKoHOB HYKHOTO pa3Mepa.
Hpyrum crocoOoM SIBIsIeTCS M3TOTOBIIEHHE CHUHTETHYECKHX ITO3WTHUBHBIX KOHTPOJIEH C M3BECTHON
IIOCJIEI0BATENBHOCTHIO, KOTOPYIO MOXKHO cpaBHUTH C [II[P-aMIuIMKOHAMU HYKHOT'O pa3mepa.

OTpunartelbHblii KOHTPOJbL BblAejJeHUsl. JaHHBII KOHTPOJL CTAaBUTCS JJIS OTCICKUBAHUS
3arps3HEHMS B TPOIIECCE BBIIEIEHUS HYKJIEHMHOBON KUCITOTH M/HMIH MTEPEKPECTHON PEAKIINHU C TKAHBIO
pacteHus-xo3suHa. KOHTpOIh BKITIOYAET HYKJICHHOBYIO KHCIIOTY, BEIICIICHHYIO U3 HEMH(DUIIMPOBAHHOM
TKaHU PaCTCHHS-XO3IMHA U aMIUTU(UIIMPOBAHHYI0. PEKOMEHIyeTCsl CTaBUTh HECKOJIEKO KOHTPOJICH B
TeX CIydasx, KOTAa 0>KHJAI0TCs OOJBIINE KOIHYECTBA MOJIOKUTENBHBIX 00pa3IioB.
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3.5 MHurepnperauus pe3yabraroB ctanaaptaoii OT-IIHP u OT-IILP B pexume
peabHOr0 BpeMeHH

3.5.1 Cranpapruas OT-ITILP

Bupoua-cnienuduueckas I[1LP Oynet cuntarbest AEHCTBUTENHFHON TOJIBKO €CIH:

- MIOJIOXKUTENIBHBIA KOHTPOJIb BBIJCICHHUS HYKIEUHOBOM KHUCIIOTBI ITPOU3BOAMT IIPABUIILHBIN
pa3zmep ITIP-ipoaykTa a1 BUpouaa;

- B OTPHUILIATEIILHOM KOHTPOJIE KauyecTBa BBIACICHHUS W OTPUIIATEIILHOM KOHTPOJIE aMIUTN(UKALIH
HE MPOU3BOIUTCS AMITIMKOHOB MPaBUIBHOTO pa3Mepa JUlsl BUPOHA.

Ecnu ucnone3yrores takke COX u/umu nadb mpaiiMepbl BHYTPEHHETO KOHTPOJIS, TO OTPULIATENIbHbIH
(TkaHb 310POBOTO PACTEHHs) KOHTPOJIb (B Cllydae HCIIOJIb30BAHHMSA), MOJOKUTEIbHBIA KOHTPOJIb W
KaXaas W3 Mpod IODKHBI MPOU3BOAWUTE aMiuiikoH mmuHod B 181 mu. (had5). Otkas mpob
aMILTUHUIIPOBATHCS C MTpaiMepaMu BHYTPEHHETO KOHTPOJIS MOXKET CBHIETEIILCTBOBATh, HAIIPUMED, O
TOM, YTO BBIJICJICHHE HYKJICHHOBOM KHUCIOTBI HE yIaJ0Ch, HYKICHHOBAs KHCIIOTA He Obla BKIIIOUCHA B
peakunoHHy0 cMmech, tan OT He ynmancs, B BBIIEICHHOW HYKICMHOBOW KHUCJIOTE MPUCYTCTBYIOT
coeauneHyst, noaapmstomue [1L[P, niubo HykIenHOBast KUCIIOTA IerpaupoBaa.

OO0pas3er OyeT CUUTAThCS TOJIOKUTEILHBIM, €CJIH OH MPOU3BOAMT aMIUIMKOH MPAaBHILHOTO pa3Mepa.
s unentudukanuu Buaa supouaa [IIP-npoaykT HEOOX0AMMO CEKBEHUPOBATb.

3.5.2 OT-IILP B pe:xnMe peajibHOTO BpeMeHH

OT-IILIP B pexxume peanbHOTO BpeMeHHU OyIeT CUNTAThCA JeHCTBUTEIBHOMN TONBKO ECIIH:

- TMOJIO’KUTENBbHBIH KOHTPOJIb BbIJICTICHUS HYKJIEHHOBOM KHCIIOTHI MIPOU3BOAUT
aMITU(HUKAIMOHHYIO KPUBYIO C BUPOHI-CIIEHU(PUUECKIMU NpaiiMepaMu; 1

- ammumdukanonHas kpuBas He HaOmomaetcs (t.e. Ct = 40 muGo wHOMy 3Hauenwmio Ct,
OmpeIeICHHOMY JTabopaTopueil Iocie BaH/IAMK) C OTPHIATEIBHBIM KOHTPOJIEM BbIJICICHHS 1
OTpHIIATEFHBIM KOHTPOJIEM aMILTH(QHKALINH.

Eciau ucnone3yrorest taroke COX u nad5 mpaiimMepbl BHYTPEHHEro KOHTPOJISI, TO OTPUIATEIIbHBIH
KOHTPONb (B CiTydae HWCIONB30BAHUA), IMOJOXKHUTEIbHBIA KOHTPOJIb M Kakas W3 MPOO JIOIDKHEI
MPOU3BOAMTH aMIUTH(PHUKAIIMOHHYIO KpuBYI0. OTKa3 po0 MpOU3BOIUThH aMIUTM(UKAIMOHHYIO KPUBYIO
C mpaiiMepaMu BHYTPEHHETO KOHTPOJISI MOXKET CBUACTEIHCTBOBATh, HAIIPUMED, O TOM, UTO BBIJEIICHUE
HYKJICMHOBOMW KHCJIOTHI HE yJIaJI0Ch, HYKJICHMHOBAs KUCIIOTa He Obljla BKIFOUYECHA B PEaKIIMOHHYIO CMECh,
B BBIJCJICHHOW HYKJICHMHOBOW KHCJIOTE MPHCYTCTBYIOT coeauHeHus, nonarmsomue [P, mubdo
HYKJIGHHOBAsI KUCIIOTA JIeTPaIipoBaa.

OO6pazer OyeT cYUTaTHCS MOJOKUTENBHBIM, €CIM OH MPOU3BOAHUT TUIWYHYIO aMITTH(PUKAITHOHHYIO
kpuByto. KonkperHasts nadopmamus no noporooii Bennuune Ct st AByX METONOB NMPUBOIUTCA B
pasnenax 3.3.3.4 u 3.3.4.3.

4, HUnentudguxanns

WneHTudukanys MpOU3BOAUTCS MyTEM CEKBCHUPOBAHHS MPOAYKTA, MONYUYECHHOTO TPaJUIHOHHBIMH
merogamu OT-TIIP ¢ ucnonb3oBanuem npaiimepos Shamloul wiu Vid, onucanusix B pasaenax 3.3.4.1
1 3.3.3.3 COOTBETCTBEHHO, U IIOMCKOM COBIIAIAIOIICH MOCIICI0BATEILHOCTH B OTKPBITBIX 0a3aX TaHHBIX
HYKJICOTHIHBIX TOCHeaA0BaTebHOCTEH. [ waeHTHGUKAIMA MOXKET TOTPeOOBATHCA MOMOIIH
CICIUAIUCTOB 10 cekBeHupoBanuto. Eciu mpoaykr TP cmabo ammmmduimupoBan wimm olOpaselr
3apakeH 0Oojiee YeM OJHUM IMOCHHMBHUPOMIOM, TOJYYUTh CEKBEHIIUIO MOXHO, KIOHUPOBAB MPOIYKT
TTLIP.

ITonoxurenpHbINA 00pa3er, BeisBiIeHABIH OT-IILP B peskuMe pealbHOTO BpeMEHH, JOJIKEH, €CITH JTO
TpeOyeTcs i TOATBEPXKICHUS, MPOWUTH IOBTOPHBIM aHaIW3 C WCIOJB30BAaHUEM CTaHIAapTHOU
OT-IILIP, xoTopas IO3BOJIUT CEKBEHHUPOBATH M HACHTHUDHUIIMPOBATh MPOIYKT. CEKBEHHpPOBAHHUE
HermocpencTBeHHo mpoaykTa [TLP B peskime pealbHOTO BpeMEeHH He 00eCIIeInT HHGOPMAIIHIO, KOTopas
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MO3BOJIMIIA OBl HAaJEKHYIO HIICHTH(HUKAINIO. Takoe CEeKBeHHPOBAaHUE ITO3BOJIUT OIMPENETHTh TPOIYKT
KakK BUPOH], HO HE MICHTU(UIMPOBATH BUJ Win AuddepeHuupoBaTs NpOIYKT OT HCIOIH30BABLIETOCS
MOJIOKUTENBHOTO KOHTpoIs. [lockonbky ayBcTBUTEN HOCTE OT-IILIP B peskuMe peaabHOrO BpeMeHH
BBIIIIE, CYIIECTBYET BEPOSTHOCTH TOTO, YTO IONYYHTh NPOAYKT myTem cranmaptHoit OT-IILP we
ynactes. B ciryuae co cOOpHBIMH TpoOamMu MOBTOPHBINA aHANN3 MEHBIIMX BHIOOPOK MOYKET MOBBICHTH
HaJCKHOCTh amiumpukanuu mnytem craHgaptHoi OT-III[P. B kadecTBe anbTepHATUBBI MOXHO
MTOBBICUTH KOHIIEHTPAIMIO BUPOHA IO YPOBHEH, KOTOPEIE MOTYT OBITh OOHapyXeHbl crangapTHoi OT-
IILIP, nHOKYNMMpOBaB pacTeHHss ToMaToB. OAHAKO OLIEHKA 3TOTO MOJAXO0Ja HE MPOBOAMIACH, U €CIU
pe3ynbTaThl OynyT HEyOeAUTEIbHBIMU, MOXKET MOTPEOOBATHCA TOBTOPHEIM OTOOD MPO0 M aHANHU3.

4.1 CexkBeHHUPOBaHHE H AHAJIU3 NOCJIE10BATEILHOCTH

AHanu3 1nocnea0BaTeIbHOCTH J0JKEH IPOBOAUTE TOJIBKO ONBITHBIHN cnenuanuct. Eciu nabopaTtopHoe
000pyIOBaHKE HE O3BOJIET IPOBECTH CEKBEHUPOBAHNE CBOMMHU CHUJIAMH, IPUBIIEKAIOT KOMMEPYECKYIO
komnanuto. Ouumiennsiid [TLP-ipoaykT (4, mpy HEOOXOIMMOCTH, MPSIMON U OOpaTHBIN TpaiiMephbl)
OTCBUIAIOT B KOMIIAHHIO IJIsl MPOBEACHHSA CEKBEHHpPOBaHMsA. HeEKOTOpble KOMIIAHMM MOTYT, €CIH
notpedyeTcs, TaKKe MPOBECTU OYUCTKY MPOAYKTA.

Ecnun  cekBeHHMpOBaHHE TIPOBOAMTCS CBOMMH CHJIAMH, METOAbI INPOBEACHUS HOJDKHBI OBITh
YCTaHOBJIICHHBIMH 1 X COOJIOZIeHHEe MOJHKHO obecneunBathes. Kaxkmas nens npomykra [P nomkaa
OBITh CEKBEHUpOBaHa C wucmnojb3oBanueM [II[P-npaiiMepoB B KauecTBe CEKBeHHMpyROImUX. JIBe
He3aBucuMoO cekBeHupoBanHbie Henu JIHK (oT ucnonb3oBaHusi IpsSMOro U 00OpaTHOTO MpaiiMepoB)
JOJDKHBI OBITH COEAMHEHBI B OMH KOHTUT, MOATBEPXKIasi TOXKIECTBEHHOCTh KKIOI0 HYKJICOTHIHOTO
caiita. IlpeamodrureNibHee MCIONB30BaTh acceMOiepbl (Hampumep, MPOrpaMMHOE OOECICUCHHUE
Geneious, CLC Genomics Workbench wmu Lasergene), KoOTOpble HCHIONB3YIOT JUIS aHaIHM3a
anexTpodoperpamm. PacxoxkaeHus: MexIy IOBYMS LeNsIMH B 0OpaOOTaHHOH IMOCIEI0BATENbHOCTH
MapKHpyIOT KaKk COMHHUTENbHbIE OCHOBaHus. OOpabOTaHHYIH0 KOHCEHCYCHYI (000O0IIeHHYTO)
IIOCJIEIOBATENBHOCTD, ONPEJECICHHYI0O CpPAaBHEHHEM [IByX LIE€NEH, 3aTéM MOXHO CpaBHUTb C
NOCJIEOBATENFHOCTSIMUA TIOCIIMBUPOMIOB B PEJIEBaHTHOM 0Oa3e HaHHBIX. B cilyyae cMemaHHOro
MHQULIUPOBAHMUSA XpOMAaTorpaMMa MOKET OKa3aThCsl HEUWTaeMOH, B TakoM ciydae npomykrt IIL[P
CleyeT KJIOHUPOBAaTh U CEKBEHUPOBATb.

B cnywae ¢ mnocnmBuponmamu TpeOyeTcs TIIATEIbHOE BBIPABHUBAHUE IIOCIIEIOBATEIBHOCTEH,
MIOCKOJIBKY Pa3HWIA B HECKOJBKO HYKICOTHJIOB MOXKET WTpaTh PEIIAIoNlyl0 poiib NMPU OTHECEHUH
BUPOU/Ia K PETYIMPYEMBIM WM HEPeryJupyeMbIM BpeOHbIM opraHm3Mam. JUis mnepBHYHOM
unentudukaimn  PSTVdA mocnenoBarensHoctn mpaiimepoB  (mpaiimepsr  Shamloul wim Vid) B
KOHCEHCYCHOH MOCJIeJOBaTeIFHOCTH MOTYT COXPAHSATBHCS, MOCKOJBKY OTH TpaiMepbl HaXOMISATCS B
HanboJiee KOHCEPBATHBHBIX YYacTKax I'€HOMa BHPOWA, M MAaJOBEPOSTHO, YTO OHM TOBJIHSIOT HA
uaeHTudukanuio. JlobaBieHHbIe MOTMMEPa30i B IPOLIECCE MIOHTANH 3'-BBICTYHAIOIINE HYKICOTUABI
B ciydae OOHapyXeHus yaanstorces. Jns waeHTHOUKAUH PEKOMEHIYETCSl  HCIIONb30BaTh
00paboTaHHYI0 KOHCEHCYCHYIO IOCIIEI0BATEIbHOCTh, HAYMHAIONIYIOCS C MO3UIMK 1 reHoma Brpounsa,
JUIS CpaBHEHHSI C OJHOW M3 KOMIUIEKCHBIX 0a3 JaHHBIX MOCJIeNOBaTeNbHOCTEH HykIeoTH1oB. [lonck
npoBoauTcs B 0aze manHbpix GenBank wa BeO-cailite HanmoHaabHOTO IEHTpa OMOTEXHOJOTHUYESCKOM
uadopmarmu (NCBI) mnn B EBporeiickomM HYKJICOTHIHOM apxuBe Ha BeO-caiite EBpomeiickoit
MOJIEKYJISIpHO-Ononorudeckoi adoparopun (EMBL) ¢ ucnonb3oBaHueM MporpamMMbl JIOTHYECKOTO
CpaBHEHHs aMHHOKHCIIOTHBIX U HYKJICOTHIIHBIX mociienoBaTenapHocTeld Basic Local Alignment Search
Tool (BLAST). Kpome Toro, wuacHTH(HKAIMS MTOJDKHA OCHOBHIBATHCS HA  CIEIUPUUECKOM
KJIaCTepHU3alluu pe3ysibTaToB norucka B BLAST B MOCTpOEHHOM METOOM IPHCOCIMHEHHS COcelei
(Neighbour Joining) ¢unorenernyeckom nepese.

Coracao MexayHapoIHOMY KOMHUTETY 1Mo TakcoHoMud BupycoB (ICTV), rimaBHBIM KpUTEPHEM IS
UICHTU(UKAMA BHIA SBISCTCS MIACHTHYHOCTH MOCIEIOBATEIBHOCTH HYKICOTHIOB cBbime 90%
(Owens etal., 2011). Tem He MeHee, €CaM IIONyYEHHAs I[OCIEIOBATENBLHOCTh IIOKA3BIBAET
WICHTHYHOCTh Oym3kyro k 90%, HeoOXOoJMMO BKIIOYATH JOMOJHHUTENLHBIE TapaMeTphbl, TaKue Kak
Ouonornueckue cpoiicTBa. I'pynma mo uzydenuro BupouaoB ICTV B Hacrosiiee BpeMsi oOcykaaeT
KJIacCH()MKAIWIO BUPOUIOB H KPUTSPHHU pa3rpaHUUuCHUS BUIOB.
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B tex cayuasx, korna tpedyercs 100-nmporieHTHAs TOYHOCTh MOCEIOBATENILHOCTH, HATIPUMEp, €CIIN
MOCJIEe0BaTEIFHOCTD JOKHA BHOCUTHCS B 0a3y JaHHBIX MJIM MPEAIOJaraeTcsi HOBBIM BHUJ BHPOUA,
HeoOxoaumo mposectu Bropyio [II[P. Bropas IIL[P Oymer oxBarbiBaTh, NOMHMO ydYacTKa
MTOCJICIOBATEIPHOCTA TIpaiMepoB, HMCIOJb30BaBIIerocs mis mepBoit I[P, mroOble BBI3BIBaAIOIINE
COMHEHHMsI OCHOBaHHMs. JIJisl 3TOH el MOKeT MoTpedoBaThes pa3padoTKa HOBOTO Habopa mpaiMepoB
OT HCXOIHOH CEKBEHIWH, HO MOXXET OKa3aThbCs JTOCTATOUYHBIM M Tap-paiiMepoB, pa3paboTaHHBIX
Shamloul u Vid.

5. JlaHHBIE

JlaHHbIe W pe3yJbTaThl WCCICIOBAHUM JOJDKHBI XpaHUThCS, Kak omucano B MCOM 27
(Huacnocmuueckue npomoxonvl OJis pe2yiupyemvix 6PeOHbIX OP2AHUIMOB).

B Tex chywasx, korma pe3ynabTaThl JUATHOCTUKHA MOTYT OTPAa3UThCS Ha JAPYTUX TOTOBAPHUBAIOIIUXCS
CTOpOHAX, TaHHBIE ¥ CBHUJIETEILCTBA, B OCOOEHHOCTH B CITydasx HECOOTBETCTBHS, a Takxke ecia BBKK
BBIABJIICH B CTpaHC NN O6JIaCTI/I BHCpBI)IC, CHCI[YIOHH/IG JOIIOJTHUTCJIBHBIC MaTepI/IaJIbI JOJI?KHBI
XPaHUTBCS CTIOCOOOM, OOECTIEUHBAIOIIMM ITOHYIO OTCIE)KHBAEMOCTD!

- UCXOHBIN o0Opa3sell (eciu OH COXpaHHUJICS) CIEAYeT XpaHUTh 3aMopoxeHHbIM Tipr —80°C 6o
An0(UIH3UPOBATh M XPAHUTh NIPU KOMHATHO TeMIeparype;

- €CJIM 3TO IPUMEHUMO K JaHHOMY ciry4ato, oopasiel PHK cnenyer xpanuts nmpu —80°C;

- €CIM 3TO NPUMEHMMO K JaHHOMy ciyd4atro, nponykrel OT-IILP crenyer XxpaHuth mpu
temmneparype oT —20°C mo —80°C;

- CIIEZlyeT COXPaHsAThH (ailybl TpaccupoBkH nocienoBarensHocT JJHK, rcnonbp3oBaBimecs ams
CO3J1aHMsI KOHCEHCYCHOH MOCTIe10BAaTEIbHOCTH ISl MACHTU(UKALIMH 00pa3LOB.

Ecnu u30J1T JeMOHCTPHPYET MOJIEKYJISPHBIE WM OMOJIOTHYECKHE XapaKTePUCTHKH, OTIMYHBIE OT
XapaKTePUCTHUK paHee OMMCAHHBIX M30JISATOB, €r0 CIeIyeT NMPEJCTABUTh B aBTOPUTETHYIO KOJIICKITHIO
BpeauTenel pacrenuii/apxus (Hampumep, Q-bank (kxomrurexcHas 6a3za JaHHBIX MO KapaHTHHHBIM
BpeIUTESIM pacTenuit u 6osesnsm), DSMZ (Hewmerikast KOJUIEKIHS MHKPOOPTaHU3MOB U KIIETOYHBIX
KyabTyp nipu Muctutyte Jleibnuia)).

Ecnu ecTh cBUIETENBCTBA TOTO, YTO JIFOOOH U3 OTMCAHHBIX METOJIOB aHAIM3a HE MOYKET BBISIBUTH U30JIST
BBKK, nundopmaruto 00 uzonsare (IpearnoYTHTENFHO YHUKAIBHBIN HOMED ITOCIIeI0BaTENbHOCTH B 0aze
nanHeix GenBank) criienyer otocnars B Cekperapuar MKK3P.

6. KoHTakTHBIE JHIIa AJ5 NOJy4YeHUs JONOJTHUTEIbHOH HHpOpMaIUK

I[OHOJ'IHI/ITCJ'ILHYI-O I/IH(l)OpMaI_II/IIO 10 JAHHOMY OPOTOKOJY MOXKHO IIOJIyYUTh B:

Science and Advice for Scottish Agriculture (SASA), Roddinglaw Road, Edinburgh EH12 9F],
Scotland, UK (Dr C.J. Jeffries, e-mail: colin.jeffries@sasa.gsi.gov.uk).

National Plant Protection Organization, PO Box 9102, 6700 HC Wageningen, The Netherlands (Dr J.W.
Roenhorst, e-mail: j.w.roenhorst@nvwa.nl; Dr J.ThJ. Verhoeven, e-mail:
j.th.j.verhoeven@nvwa.nl).

Department of Environment and Primary Industries, Biosciences Research Division, AgriBio, 5 Ring
Road, La Trobe University, Bundoora, Victoria 3083, Australia (Dr B. Rodoni, e-mail:
brendan.rodoni@depi.vic.gov.au).

Canadian Food Inspection Agency (CFIA), Charlottetown Laboratory, 93 Mt Edward Road,
Charlottetown, PE, C1A 5T1, Canada (Dr H. Xu, e-mail: huimin.xu@inspection.gc.ca).

Conselleria de Agricultura de la Generalitat Valenciana, Centro de Proteccion Vegetal y Biotecnologia
(IVIA), 46113 Moncada (Valencia), Spain (Dr N. Duran-Vila, e-mail: duran_nur@gva.es).

USDA-APHIS, Plant Germplasm Quarantine Program BARC-E, BLD 580, Powder Mill Road,
Beltsville, MD 20705, USA (Dr J.A. Abad, e-mail: jorge.a.abad@aphis.usda.gov).
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Laboratorios Bioldgicos, Direccion General de Servicios Agricolas, Ministerio de Ganaderia,
Agricultura y Pesca, Milldan 4703, Montevideo, Uruguay (Dr A. Etchevers, e-mail:
anitaetchevers@hotmail.com).

3ampoc Ha MEPecMOTpP IMArHOCTHYECKOTO IMPOTOKOJA MOKET OBITh HampaBieH HalWOHATbHBIMU
opraHu3aIusMu 1Mo Kapantuny u 3amure pacteHuid (HOK3P), pernoHaabHbBIMH OpraHU3aIMsAMH 110
kapantudy u 3amute pacrenuii (POK3P) wim BcrmomorarenbHbIMH oOpraHamu Komuccuu 1o
¢urocanuTapasiM Mepam (KOM) yepes Cekperapuar MKK3P (ippc@fao.org), koropslit HarpaBuT ero
B TeXHUUYECKYIO IPYIITY SKCIIEPTOB IO TUarHOCTHYecKuM mpotokosam (TTDIT).

7.  BblpaxkeHHe NPU3HATEJbHOCTH

[TepBblit poekT Hactosimiero mnpotokoia Obu1 Hamucan C.J. Jeffries (SASA, UK), J.W. Roenhorst
(National Plant Protection Organization, the Netherlands), B. Rodoni (Department of Environment and
Primary Industries, Australia), H. Xu (CFIA, Canada), N. Duran-Vila (IVIA, Spain), A. Etchevers
(Laboratorios Biolégicos, Uruguay) u J.A. Abad (USDA-APHIS, USA) (cM. KOHTakTHYIO
uadopmarmio B paszgene 6). Takke B pabOTy Haja MPOTOKOJIOM BHEC 3HAYMTENbHBIH BKiaan J.Th.J.
Verhoeven (National Plant Protection Organization, the Netherlands).

Beipakaem Gmarogapaocts take S.L. Nielsen (Denmark); L. Seigner, S. Winter u M. Wassenegger
(Germany), H. Koenraadt (the Netherlands) u A. Fox, T. James, W. Monger u V. Mulholland (UK) 3a
HX ICHHBIC 3aMCUYaHNA U KOMMCHTApHH, COI[GIZCTBOB&BHII/IG pa60Te HaJ OIPOTOKOJIOM.

8. CuhpaBouHble MaTepHAJIbI

Hacrosiuii cTangapT cchiiaeTcs TAaKXKe Ha IPyrue MeKIyHapOIHbIE CTAHAAPTHI O (PUTOCAHUTAPHBIM
mepam (MCOM). MCOM pasmerieHsl Ha MexayHaponHoMm ¢urtocanutapHom moptaie (MOIT):
https://www.ippc.int/core-activities/standards-setting/ispms.
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Ta6bnuua 1. O63op NPOTOKONOB, NCNOJb3YHLLNXCA ON14 BblABNEHNA BUponga BepeTeHoBUAHOCTU K.I'Iy6Hel7I KapTodhens B pasnuyHbix MaTpuuax, U Banugalmm aTMx NpoTOKOSIoB

(Bec/oObem)) ryannanna
raapoxJopuaa +
n3upyrouuii oydep;
romoreHusaTop Homex
6

etal. (1997)

Pazmep IHoaroroBka Boinenenune
Mannua MeTtoa BbIsSIBJI€HHS HPI/IMe‘laHl/lﬂ o BaJivaanum MeToaa
o0pa3ua o0pa3ua HYKJIEMHOBBIX KHCJIOT

JIuctes Tomara 1r 3,5 M (1:2-1:5 RNeasy Plant Mini Kit OT-IIIIP B pexume Ilpeden obuapyscenun: OOHApYKEHHE BCEX M3BECTHBIX BHIOB IIOCHHBHPOHIOB 0
(Bec/obbem)) ryannanna | (Qiagen) mim Sbheadex pEabHOTO BPEMEHH: OTHOCHTENILHOTO YpoBHs 3apaxenHoctu® B 0,13% (cootsercTByeT passenenuto B 770 pas:
ruzpoxiopuia + maxi plant kit (LGC meroz GenPospi, npe/elibHOe pa3BelieHne, I[pPH KOTOPOM coxpaHsercs HuH(peKuuoHHocts) ¢ 99,7%
nusupyromuii 6ydep; Genomics) Ha yctaHOBKe Botermans et al. OIIpe/IeTIEHHOCTHIO
romoreHusarop Homex KingFisher 96 system (2013) Ananumuueckan cneyugpuunocms: BHICOKOCIEAHICH
6 (Bioreba) (Thermo Scientific) CenleKmugHoCmy . JIACThsI TOMATa

Ilosmopsemocmo u eocnpoussooumocms:. 100%
(Naktuinbouw, 2012a; Botermans et al., 2013; NPPO-NL, 2013d)

JIucthst ToMara 1r 3,5 M (1:2-1:5 RNeasy Plant Mini Kit OT-IIIIP B pexxume IlIpeden o6napyscenus: BHIABISET NATOTEH [0 YPOBHS COOTHOLIEHMS 3[J0POBBIX JIHCTHEB
(Bec/obbem)) ryaHuanHa PEabHOTO BPEMEHH: toMara K 3apaxkeHHbiM B 10 000:1 (penensHOe pasBeieHHE, MPH KOTOPOM COXPaHAETCS
ruapoxyopuna + Boonham et al. (2004) | uH}exkurOHHOCTB)
nusupyromuii 6ydep; Ananumuueckas cneyuuunocms. sesiBier MPVdA, BBKK, TCDvd, TPMVd
romorenusarop Homex (HEKOTOpBIE U30JIATHI)

6 CeneKkmugHoCH b THCThSI TOMATa
Iloemopsiemocme u eocnpouseooumocms. 100%
(Naktuinbouw, 2012b)

Jluctes Tomara 1r 3,5 M (1:2-1:5 RNeasy Plant Mini Kit OT-IILIP: npaiimMepsi IlIpeden obuapyscenusn: BbisBIseT Bce Buabl mocmuBupousoB (kpome CLVd) o

(Bec/oGbem)) ryaHnanHa Pospil-FW u Pospil- OTHOCHUTEIIFHOTO YPOBHSI 3apa)KEHHOCTH B 2,5%
THIPOXJIOpHa + RE, Verhoeven et al. Ananumuueckas cneyuguunocms: BuisBiIeHuE nateHTHOro BUupouaa xmens (HpLVd, pox
nusupyromuii 6ydep; (2004) Cocadviroid) u BBKK
roMmorenusarop Homex Cenekmugnocms: TACTbSI TOMaTa
6 Ilosmopsiemocms u eocnpoussooumocms: 100%
(NPPO-NL, 2013a)

JInctes Tomarta 1r 3,5 M (1:2-1:5 RNeasy Plant Mini Kit OT-IILIP: npaiimepsr IIpeoen oonapyscenun: seisisnsier CLVdA, BBKK n TCDVd 10 OTHOCHTEIBHOTO YPOBHS

(Bec/obGbem)) ryaHnanHa Vid-FW/Vid-RE, sapaxxerHocTd B 100% (10% s CLVA*)
THIPOXJIOpHa + Verhoeven et al. * [paiiMepsl H3HAYAIBLHO co3/1anbl st BeistBiienust CLVd koMiuiemMeHTapHOro K npaiimepam
nmsupyromuii 6ydep; (2004) Pospil-FW/Pospil-RE RT-PCR (Verhoeven et al., 2004)
romoreHu3arop Homex Ananumuueckan cneyuguunocms: soisisiaser CLVdA, BBKK u TCDVd
6 CeneKmugnocms: TUCTbs TOMaTa
Hosemopsemocms u socnpouszgodoumocms: 100%
(NPPO-NL, 2013b)
Jluctes TomaTa 1r 3,5 mi (1:2-1:5 RNeasy Plant Mini Kit OT-IILP: Shamloul Ilpeoen obnapyscenus’ BoISBIEHHE 10 OTHOCUTEIBHOTO YPOBHS 3aPAYKEHHOCTH MUHUMYM

10%

Ananumuyeckana cneyu@uuHocms:
(HEKOTOpPbIE U30JIATHL)
CeneKkmugnocms: TUCTbs TOMaTa
Hosemopsemocms u eocnpouszgooumocms: 100%
(NPPO-NL, 2013c)

pesBiier  MPVd, BBKK, TCDVd, TPMVd
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Pasmep Iloaroroska Briaenenue
ManPﬂ.la MeTtoa BbIsSIBJI€HHS HpI/IMe'-laHl/lﬂ o BaJivaanum MeToaa
o0pa3ua o0pa3ua HYKJIEMHOBBIX KHCJIOT
Cemena Tomara 3000 cemsin | 20 mu (1:2-1:5 Sbeadex maxi plant kit na OT-IILIP B peasibHOM PaGoune XapaKTepuCTHKH METO/I@ TAKUE K€, KaK JUISl JIMCTHEB TOMATa
(Tpm (Bec/obbem)) ryannanna | ycraHoske KingFisher 96 Bpemenu: Boonham BeposTHOCTS 0OOHApYKEHHsI OXHOTO 3apaxXeHHOro cemeHd B mpode u3 1000 cemsn >95%
cyOnpoOsl o | ruapoxyopuaa + et al. (2004) mpu aHanuse tpex cyonpod mo 1000 cemsn. M3-3a GBICTPOro MEPEKPECTHOrO 3apajkeHHs
1000) nusupytouuit 6ydep; 3n0poBeix cemsin BBKK u3 3apaxeHHBIX IUIOZOB BO BpeMsi 00pabOTKH ceMmsH (¢
BagMixer (Interscience) HCTIONB30BaHUEM (pepMEeHTalH U 00pabOTKH MEKTHHA301) BEINKA BEPOSITHOCTD TOTO, YTO
B npoGe Oyzer nprcyTcTBoBaTh Ooublie 3apaxenHsix cemsH (Naktuinbouw, 2012c).
JIuctes 200 mr 20 mxu 10% Denon-xnopodopM u BosspaThblit IIpeden oonapyscenun: 2465 nr BBKK; HanMeHee TyBCTBUTENIBHBIN M3 MOJEKYISIPHBIX
KapToderst JOoJeHuIICyb(aTa JIBYX3TaIHast SKCTPAKIHSI anekTpodopes B METO/IOB, OLCHUBABILINXCS B KOJIBLIEBOM MEK/YHAPOJHOM TECTUPOBAHUH
(BBIpaleHHOrO B narpus, 180 mxi LiCl HOJIMATHIICHIIIMKOIEM HOJIMAKPUIAMHIHOM Ananumuueckas cneyuuyunocms: BbISABISIET BCE H3BECTHBIC OCIIUBUPOUIBI
11a00paTOPHOM 9KCTPaKIIMOHHOTO (II3T) rene (R-PAGE)? Cenexmugnocme: mo00ii copt KapToers, JINCThst KapToens WK pacteHust in Vitro
TEIUTHLIE) U oydepa, 400 Mk penos- Ilosmopsaemocmy u 60cnpou3e00umMocms: Boctporn3poaumocts 51% na 87 893 nr BBKK
pacteHuit xsopodopma st (camast Bbicokas kouuenrpauuss BBKK wu3 TtecrupoBaBmmxcs) n 42% wna mnpepene
Kaproderst in 9KCTPAKIHH B CTYIIKE C oGHapyKeHHsI
vitro HIECTUKOM
JIuctes 200 mr 1:1,5 (Bec/oGbem) ViMmoOunu3anus Ha JIMrokcureHuH- Ipeoen o6napyscenun: vmaumym 17 it BBKK (camast Hu3Kash KOHLEHTpaLusl M3
KapTodernst Oydepa Ames (EOK3P, mem6pane (Agdia, Inc.), meuenas (DIG) npo6a® | TecTUpOBaBIIMXCS)
(BBIpaIeHHOTO B 2004) most sxeTpakuun B | deHONI-X710p0dhopM 1 AHnanumuueckas cneyu@uuHocmy: BbISBISIET BCE H3BECTHBIC IIOCIIMBUPOUIBI
11a00paTOPHOH CTYIIKE C IECTHKOM JIBYX9TaIHAasl SKCTPaKLUA Cenexmugnocme: mo00ii copt KapToders, JINCThst KapToens WK pacteHust in Vitro
TEIUTUIIE) U nor Ilosemopsiemocms u 6éocnpouseodumocms: Bocupounssoaumocts 100% na 87 893 nr BBKK
pacteHuit n 23% na 17 nr BBKK
kaprodes in
vitro
Jluctes 50-500 mr 1:9 (Bec/oObem) Oydep RNeasy Plant Mini Kit CrangapTHas IIpeoen oonapyscenusn: muanmym 17 nr BBKK
KapToderst RH (Qiagen) ¢ nsyxoransas® OT- Ananumuueckas cneyuguunocms: obuapyxerane MPVd, PSTVd, TCDVd u TPMVd
(BBIpaIIEHHOTO B MHKPOLECHTPUDYIKHON TILP c npaiimepamu Cenexmugnocms: mo6oii copt kapTodens, IMCThst KapToers UM pacteHus in Vitro
11a00paTOpHOM npoOUPKOi 1 Shamloul et al. (1997) | IToémopsemocms u socnpoussodumocms: Bocriponspoaumocts 78% ua 87 893 nr BBKK
TeIUnIe) U MHKPOIECTHK WU (camas Beicokast koHueHTpanuss BBKK u3 tecruposasruxcst) n 44% wa 17 nir BBKK
pacTeHuit Homex 6
kaptodens in
vitro
JIuctes 1r 3,5 mi (1:2-1:5 Sbeadex maxi plant kit na OT-IILP B peansHOM Paboune xapakTepUCTHKH METOA TaKue e, Kak JIs JINCTHEB ToMaTa
kapToderst (Bec/obwem)) ryannauna | ycranoske KingFisher 96 BPEMEHH: METOT Ananumuueckan cneyuguunocmp. TEPEKPECTHON pPEAKIUH C BHPYCAMH, OOBIYHO
(BBIpaIIEHHOTO B THAPOXIOpUIA + GenPospi, Botermans BCTPEYAIOIINMUCS B KapTodese, HeT
11a00paTOpHOIA nm3upyrommii 6ydep ¢ etal. (2013) o
TeruTHIE) 1 Homex 6 Cenexmuenocmy: JCTbsl KapTodels U pacTeHus in Vitro
PpacTeHUH Banuauposan 1 o6beauHerns mpo6 1o 100 (100-npouentHoe BhIABIEHHE B 06pasie u3 1

kaprodes in
vitro

3apakenroro u 99 3gopossix nucteeB; NAK, 2011)
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Pasmep Iloaroroska Briaenenue
Mannua MeTtoa BbIsSIBJI€HHS HPI/IMe‘laHl/lﬂ o BaJivaanum MeToaa
o0pa3ua o0pa3ua HYKJIEMHOBBIX KHCJIOT
Jlucres 1,5 riucree | [pubnusurensHoO RNeasy Plant Mini Kit, OT-IILIP B peaibHOM Ilpeden o6napyscenus: BbIABICHHE NATOTEHA NPU PA3BEACHUM 3apaKCHHON TKAaHU B
kapTodernst wm 5T 600 mxi Oydepa s OpPOMUCTBIH Bpemenu: Boonham 310poBoii B cooTHOMmeHnH 10 10 000 pa3
(BbIpaleHHOrO B KiyOHei JINCTHEB WK LETUITPUMETHIAMMOHUIA et al. (2004) Ananumuueckas cneyuguunocms: soisiBisier MPVdA, BBKK, TCDvd, TPMVd
11a60paTOPHOI OPUOITH3UTENBHO 3 MIT (CTAB) 6ydep i nabop (HeKOTOpbIE M30JIATHI); IEPEKPECTHON PEAKIUH C BUPYCAMH, OOBIYHO BCTPEYAIOLIMMHUCS B
TeIUIUIE) U Oydepa s xiryOHel s Beiaenenus PHK umm kaproderne, HeT
JIMCThS U KITyOHH (Bb16Op Oydepa 3aBucur | Purescript (Gentra Cenexmugnocme: JCThst KapTo(est, pacTeHus in Vitro win KiyoHn
kaprodens in OT METOIa SKCTPAKLIMH) Systems; NB! stor Habop Iloemopsiemocmsb u socnpoussodumocms: 100% (puHr-tect B 4eThIpex 1a00paTopHsix)
vitro GoJIbIIIe HE TIPOM3BOIUTCS) Bamumuposan mist o6bemunenus mpo6 10 100 (100-mporeHTHOE BHIsSIBIICHHE B 00pasiie u3 1
sapaxkenHoro 1 99 310poBsix Jucthe; Roenhorst et al., 2005, 2006)
JlexoparuBHble 1r 3,5 ma (1:2-1:5 RNeasy Plant Mini Kit wiu | OT-IIL[P B peansroM Paboune XapaKTepUCTHKH METO/IA TAKUE K€, KaK JUISl JIACTHEB TOMATA
KyJIBTYpPBI (Bec/obbem)) ryannnuna | Sheadex maxi plant kit niust | Bpemenu: GenPospi Ananumuueckasa cneyugpuunocmy. KOHLCHTPALUs HOCIUBUPOMIOB U CEIEKTUBHOCTD
(JICTBS) THIpOXJIOpUa + ycranoBku KingFisher 96 ananu3, Botermans (MHrHOMpYIOIIIe KOMIIOHSHTHI) B COKE JINCTHEB 3aBUCAT OT BUJIA PACTEHHI
nusupyomuii 6ydep; et al. (2013) Banuauposan i obbeaunenus npo6 no 25 mis Brugmansia, Calibrachoa, Cestrum,
romorenusarop Homex Dahlia, Nematanthus, Petunia, Solanum jasminoides u Streptosolen jamesonii. NB: y
6 Calibrachoa, S.jasminoides u S.jamesonii marpuunbie 3¢deKTsl HAGIIOTAINCH [IPH
pasBemennn Oomnee yem B 100 pas. Io-BummmoMmy, it HEKOTOPBIX KYJIbTYp, HAIpHMEp
Dahlia, equHCTBEHHBIM IEPHOIOM, MOJXOISIINAM ISl (HA/IE)KHOT0) TECTHPOBAHHS, BJISETCS
JIETHUH TIEpHOL.
JlexopaTuBHBIE 1r 3,5 M (1:2-1:5 RNeasy Plant Mini Kit win | OT-IIL[P B peansroM Paboune XapakTepuCTHKH METOZA TaKue ke, KaK U JIICThEB ToMaTa
KyJIBTYpPBI (Bec/obbem)) ryanuauna | Sheadex maxi plant kit jiist | Bpemenn: Boonham Ananumuueckas cneyugpuunocmy. KOHLECHTpALHs MOCIUBUPOMIOB U CEIEKTHBHOCTD
(JICThS) THIPOXJIOpUIA + ycranoBku KingFisher 96 et al. (2004) (MHrHOMpYIOIIe KOMIIOHSHTHI) B COKE JINCTHEB 3aBUCAT OT BUJA pacTEHHIT
nmsupyromuii 6ydep; Banuauposan mist o0beauuenus mpo6 mo 25 mms Brugmansia, Calibrachoa, Dahlia,
romorenusarop Homex Petunia, S. jasminoides u S. jamesonii. NB: y Calibrachoa, S. jasminoides u S. jamesonii
6 MatpuaHble d3QheKxTs Habmoanmck mpu passenennn 6onee yem B 100 pas. TTo-Buanmomy,
IUIsL HEKOTOPBIX KyJIBTYp, Hanpumep Dahlia, enquHCTBeHHBIM MIEPHOIOM, MOIXO/SIINM TS
(nanexxHOro) TecTUpOBaHuUs, sBisieTcs netnuit nepuox (Naktuinbouw, 2012b).
JIucthst TOMaTa, 1 r nucteeB 10 ma (1:10 Otneuatok Tkauu, RNeasy | OT-IILIP B peanbHOoM Ilpeden oénapyrscenus: BBISABICHHE TATOI€HAa MPU COOTHOUICHHH 3apa’KEHHBIX JIMCTHEB
JIMCTBS, KITyOHH 1 TOMaTa WiIH (Bec/oGbem)) HaTpHii- Plant Mini Kit nm Bpemenu: Bertolini S. jasminoides k 3xopoBbiM srcTsIM S. jasminoides u romara go 1:10 000
ceMeHa KITyOHEH docdarHoro Gydpepa ¢ PowerPlant RNA Isolation | etal. (2010) Ananumuueckas cneyugpuunocme: soisisisier CLVd, BBKK u TCDVd
KkapTodens, kapToderst Homex 6 Kit (Mo Bio) Cenexmuenocmy: JTUCThsl KapTOQEIsi, KITyOHH WM CEMEHA TOMATa
JIeKOpaTHBHbIE WITH Hosemopsemocmo u 6ocnpouseodumocms: 100% (puHr-Tect B Tpex 1abopaTopHsix)
KYJIBTYpPBI OTIIEYaTKOB JlnarHoctnyeckasi 4yBCTBUTEIbHOCTh coctaBmia 100%, crenuuuHOCTh AMAarHOCTHKA
(JucThs) JIUCTHEB HA cocraBmwia 100% u OTHOCHTENbHAS TOYHOCTH B CPABHEHHH C METOJOM MOJEKYISIPHON
HEIJIOHOBBIX rubpuausanmu (Murcia et al., 2009) cocrasmia 100%. Baninauust aHann3sa npoBOAHIIach ¢
MeMOpaHax 208 moneBsiMu obpasuamu S. jasminoides, Brugmansia spp., Datura spp., Petunia spp.,

Dendrathema  spp., kaprodens u Ttomara. W3 208 obpasmoB 43  Obuti
HCTHHHOTIONOXHUTENbHBIME 1 150 — HCTHHHOOTPHIATENBHBIMU [0 PE3yJIbTaTaM aHaJIN30B,
[POBEACHHBIX ~ O0OMMH  METOJaMH.  AHauM3  METOJOM  THOpWIM3amud  Jal
JIOKHOTIONOKUTENbHBIN  pe3ynbrar 1o 15 obpasmam (BesiBuB TASVA u CEVd).
JIO)KHOOTPHLIATENBHBIX 0OPA3L0B HE OBIIO OOHAPYKEHO.

1 TIocKOIBKY KOHUEHTPAIMS BUPOUIa B OPUTHHAIBHOM HCCIIEAYEMOM MaTepualle HEM3BECTHA, U HEKOTOPBIX aHAIM30B Mpeae oOHapy)eHUs (4yBCTBUTENBHOCTD) BBIPAXKEH
B OTHOCHUTEIHLHOM 3HAYEHHHU. BEJICHHBIN JKEHHBII COK JINCTHEB CYMTAETCS % MHGUIHUPOBAHHEIM (B THOLIEHHHA 1 T JUCTOBOro Marepu :3 M .
OTHOCHTEJIFHOM 3HAa4e Hepassene 3apaxe co crheB cunrtaercs 100% 0OBa COOTHOIIIE 1 CTOBOI'0 Marepuaia . 3 oydepa
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anz JuarHoctuyeckrie NpoToKOIbI ANs perynmpyemMbix BpeAHbIX OpraHi3MoB

OTHOCHTENBHBIH Npenen 00HAPYKEHHUSI ONPEACIISUICS aHAJIN30M BOCHMH CEPUHHBIX pa3BeACHHH HHOUIIMPOBAHHOTO COKA JIMCTHEB B 30POBOM COKe. OTHOCHTENILHBIN Ipeet
OOHapyKEHHS OMpE/ICIICH KaK CpelHee CaMOi HU3KO# OTHOCHTENIBHOU 3apa)KEHHOCTH KaXOTO H30J151Ta, KOTOPYIO ellie MOXHO omnpeaenuTs (moporoesiid muka (Ct) <32), k
KOTOPOMY J100aBHITH TPH CPEIHEKBAIPATUICCKUAX OTKIOHEHH S, YTOOBI MOTy4YeHHAs OLIeHKa Oblia KoHcepBaTHBHOI ¢ 99,7% yBeperHocThio (Botermans et al., 2013).

2 Tpu metoma — R-PAGE, rubpuauzamus ¢ DIG-meuenoli mpo6oii u aByxsrannas cranpapthas OT-IILP ¢ npaiimepamu Shamloul etal. (1997) — cpaBnuBamuch B
MexayHaponHoM punr-tecte (Jeffries and James, 2005).
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He siensiemcs oghuyuansHol Yyacmeto cmaHdapma

2007-03 KOM-2 pobasuna Temy B nporpammy pabotsl (2006-002)

2012-11 Tr34MN nepecMmoTpena NPoeKT NpoTokora

2013-03 KC B ameKkTpOHHOM pelleHMn ogobpun TeKCT Ansg npoBeaeHuUst
KOHCynbTauum ¢ yneHamum (2013 _eSC_May_10)

2013-07 KoHcynbTauus ¢ yneHamu

2014-07 Tr3AMN paccmoTpena NpoekT npoTokona

2014-09 TrOMI B aNeKTPOHHOM peLleHun ogobpuna TekcT Ansa nepegayn
KC onsa ytBepxaeHus Ha npuHatue (2014_eTPDP_September_01)

2014-11 KC B 9NeKTPOHHOM peLUeHWM YTBEpAUNn nepuop HoTudmkauum
npoekTa npotokona (2014_eSC_Nov_13)

2014-12 Mepwrog HOTUdMKaLMK

2015-01 KC yrtBepann AN ot nuua KOM (dhopmarnbHbIX BO3paXKeHUNn He
BbICKa3bIBanoch)

MC®M 27. MpunoxeHue 7 Bupoud eepemeHoguOHOCMU KiybHel
kapmogbens (2016). Pum, MKK3P, ®AO.

2015-07 Cekpetapuat MKK3P Bkmounn pegakuMoHHbIE MOMNpaBku U
nameHun dopmat CcTaHgapToB Mocrne  npouegypbl  OT3biBa
cTaHgapToB, ycTtaHoBreHHon KOM-10 (2015).

2016-05 KC yTBEpAUN TEXHUYECKUI NepecMoTp HacToswero A1 B yacty,
oTHocswencs K npanmepy COX-F BHYTPEHHEro KOHTPOsis, COrfiacHo
npeactaeneHHoMy mctouHuky (Weller et al. 2000) (pasgen “3.3.4.2
OT-MUP B pexume peanbHOr0O BPEMEHU C WCMNONb30BaHNEM
npanmepos, paspaboTaHHblx ~ Boonham et al.  (2004)")
(2016_eSC_May_15). Traan npuHana k ceBegeHuo, 4YTo 0be
nocnegoBaTenbHOCTU — NpuBeAeHHas B npeabiaywen sepcuun O un
nocnepgoBaTenbHOCTb, onnucaHHasa B Weller et al. 2000, — aBnstTcA
pabounmun.
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