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1. Hudopmauusi 0 BpeIHOM OpraHu3Me

Tilletia indica Mitra BeI3bIBacT KapHaJIbCKYIO TOJOBHIO MILICHUIIBI, TAK)KE M3BECTHYIO KaK MHIMHCKAs
rojosus mmenuis! (Triticum spp.). KapHanbckas romoBHs Oblia BIIEPBEIE OIFcaHa B ropoje Kapnai B
Wnaun B 1931 rogy. Ilaroren mmpoxo pacrnpocTpaHeH B HEKOTOpPbIX dacTax FOxHo#i Asuu u lOro-
3anagnoit Asumn (USDA, 2007; Wiese, 1987). Kpome Toro, oH Takke ObUT BBISBJICH B HEKOTOPBIX
paitonax CIIIA u Mekcuku u B IOxuoit Adpuxke (Crous et al., 2001; Fuentes-Davila, 1996).

Pacrenus-xo3geBa Bkiarodarot Triticum aestivum, Triticum durum u Triticum aestivum x Secale cereale.
Omnosemmenne o BRIABICHHN Ha Triticum aestivum x Secale cereale peaxu, ognako Secale spp. Mmoxer
MOTEHIHANBHO OBITh pacTeHHeM-xo03stHOM (Sansford et al., 2008). Boutu ciryuan 3apakenus T. indica
JPYTUX BUIOB TPaB B TEIUIMYHBIX YCIOBHUSIX, HO OH HHKOTJA HE BBIABISUICA B MOJSX HAa ITHX
albTepHATHBHBIX pacTeHusx-xo3seBax (Inman et al., 2003).

T. indica sBiseTcst MaTOreHOM, 3apa)karolMM TONOBHEH comBerus. CeMeHa WHPUIUPYIOTCS 4epes
3apOBIIEBYI0 4YacThb siApa, rpud pa3BUBaeTCsl BHYTPH NepUKapmus, IOe OH o0pasyer
MOPOIMIKOOOPa3HYI0 KOPUYHEBATO-UEPHYIO0 Maccy Tennocnop. CBesKue Macchl O CIIOPaMHU MPOU3BOIST
3JI0BOHHBIN 3amax (TpHUMETHJIAMHH), TOXOXHI Ha 3amax THHIoUIeH pelObl. B oTiamune ot cucteMHOR
TOJOBHHM, OOBIYHO HHOUIMPYIOTCS HE BCE CEMsAHA KOJOCKAa PAaCTCHHA-XO35iMHA, M KOJIOChS C
3apa’keHHBIMH CEMEHAMHM HE OTJIMYAIOTCS 110 BHEIIHEMY BUAY OT 3J0POBBIX KosocheB (puc. 1). Cemena
0OBIYHO JIMIIH YACTHYHO KOJIOHU3UPOBAHBI, HA HUX MPOSIBIISIFOTCS 3apasKeHHS pa3IMYHOM CTeNeHH (pHC.
2). [ToaToMy O4eHB TPYAHO BBISIBUTH OOJIE3HB B TIOJIEBBIX YCIOBHAX. CHUMIOTOMBI OOBIYHO HE BHHBI JI0
cOopa yporkasi, €ClH TOJIBKO YPOBEHb 3apaKCHUS HEBBICOK.

T. indica cHmKkaeT Ka4ecTBO 3epHa, YTO CBSI3aHO C 00CCIIBEYMBAHIEM H NIPUAAHUEM 3€PHY U IPOAYKTaM
U3 HEro HexesaTenbHOro 3amaxa. OH Takke BBI3BIBAET HEOOJBIOE CHIDKEHHE ypoxaiHocTh. Kak
npaBuio, Triticum aestivum, B koTopoii comepxkutcsi 6osiee 3% siaep ¢ TOJOBHEH, CYMTAeTCs He
noxo el st morpebnerns B numty. (Fuentes-Davila, 1996).

Ectb u npyrue Bugs Tilletia, kotopsie Mmoxuo nepenytathb ¢ 7. Indica, oHM OOBIYHO BCTPEUAIOTCS B
coOpaHHOM ypoykae 3epHa win B cemeHax. Cpenu nux Tilletia walkeri (maroren Lolium perenne u
Lolium multiflorum), T. horrida (matoren Oryza spp.) u T. ehrhartae (maroren Ehrharta calycina). B
Asctpanuu T. walkeri u T. ehrhartae BeisiBiIeHBI Kak 3aCOPSIONINME BPEAHBIE OPraHU3MbI HA COOPAHHOM
ypoxae cemsiH Triticum aestivum. T.walkeri u T. horrida npucyrctBytor B CIIIA u BbIsSIBICHBI Ha
cobpaHHOM ypoxkae cemsiH Triticum aestivum, ocobenno tam, rae Oryza spp. u Lolium spp.
BBIpAIUBAIOTCA Mo ouepean ¢ Triticum aestivum (Castlebury, 1998; Castlebury and Carris, 1999;
Pascoe etal., 2005). B cBss3u ¢ MOP(OIOTHUIECKAM CXOJICTBOM OTHX IATOTEHOB Ba)KHA TOYHAS
UACHTU(DUKAIIHS.

2. TakcoHomuueckass HH(popManus
Ha3Banue: Tilletia indica Mitra, 1931 rox
CHHOHHUMBI. Neovossia indica (Mitra) Mundkur, 1941 roa

Takconomuueckas mosunusi: Eukaryota, Fungi, Basidiomycota, Ustilaginomycotina,
Exobasidiomycetes, Exobasidiomycetidae, Tilletiales, Tilletiaceae

OO0bIYHOE HA3BAHHE: Kapnanbckas roioBHS WU UHAUKCKAS TOJIOBHS
PedepenTHbliii maTepuad: MycoBank 267835

3. BrisiBiienue

Juarnoctuyeckas cxema 1. Indica, npeliCTaBiICHHAs Ha PUCYHKE 3, ONUCHIBAET NPOLEAYpHI AJIS
BBISIBJICHHSI TETMOCIIOP B CEMEHAX MJIM 3epHE pacTeHHii-x03s5eB. OOpa3ibl CeMsIH WK 3€pHa MOJIeXKaT
BHEIIIHEH IpOBEpKe Ha HalMW4ue siep ¢ ronoBHel (paszaen 3.1). Ecau BRIABIAIOTCS siIpa ¢ TOJNOBHEH,
TEJIMOCHIOPHl MOXKHO yIaJduTh W uaeHTH(uumposath T.indica mo Mop(hOIOrH4ecKHM NpHU3HAKAM
(paznen 4.1).
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Ecnu siipa ¢ ronoBHel He BBISABICHBI B 00pasiie, 00pasel] MOXKHO MPOBEPUTHh Ha HAJMYKE TEIHOCIIOP,
UCIIOJIB3Ysl TECT-IPOMBIBAHUE UEPE3 CUTA C OTBEPCTUSMH OTPEICICHHOTO IMaMETpa Ha TPEX HaBeCKax
(pazgen 3.2). Tem HEe MeHee TaKOe TECTUPOBAHWE MOXKET HE OTIMYHUTH 3apaKeHHOE 3€pPHO OT 3€pHa,
3aCOPEHHOTO TEIMOCIIOPaMH Ha MOBEPXHOCTH CeMsH. Eciu Tennocnopbl He BBISBICHBI ITOCIE TECTAa-
MPOMBIBAHUS Y€PE3 CHTA C OTBEPCTHUSMHU OIPEICICHHOTO IMAMETPa, NUATHOCTHYECKUN pEe3ysIbTaT
BBIOOPKH SIBJIICTCS OTPHIATSIIBHBIM. ECIIM BBISBJICHBI TEIHOCIIOPHI, 1O KOJWYECTBY BBISBICHHBIX
TEJINOCTIOP OTNPECISIOT, KAKOW METOJT MOXKET OBbITh HCIIOJIh30BaH JIIsl UACHTH()HUKAIINH:

- Ecmu BeisiBneno 10 wim Ooliee TEMMOCHOp, MEPBBIM IArOM SIBISIETCS WACHTH(UKAIUS BUIOB
terocniop (pasmen 4.1) mo mopdonormueckum mpusHakaMm. Ecmu TpeOyercs nanpHeiIee
MOATBEPXKICHNE, CIEAYIOIUM IIaroM OyAeT .60 BBIACICHWE W TMPOpAIIMBAaHHE TEIHOCIIOP
(paznmen 4.2.1), a 3aTeM MOJEKYJIIpHBIE MPOTOKOJIBI, OMUCaHHbIE B pa3aenax 4.3.1-4.3.3, aubo
yaaneHue OTHeIbHBIX Tenroctop (pa3men 4.2.3), a 3aTeM MpoBeeHHE MPSMON MOTUMEPa3HOI
nenHoit peakuuu (I1LIP) B peasibHOM BpeMeHHU Ha OTAENBHBIX Tenuocnopax (pasznen 4.3.4) (cMm.
A, B u C Ha puc. 3).

- Eciu BeiiBneno menee 10 Ttemwocmop, A HAAEKHOTO YCTAaHOBJICHHUSA pa3IMuUil MEXITy
T. Indica v aHaIOTUYHBIMHU BUJIAMH HACTOATEIILHO PEKOMEH/TyeTCsl HOBTOPHUTH TECT-TIPOMBIBAHHE
Yyepe3 CUTa ¢ OTBEPCTHSAMH OIPENEIEHHOTO AUaMeTpa Ha HOBBIX HaBeckax. lIpenen BbIsBICHUS
MOJET OBITh PaBEH PerIaMEHTaLMOHHOMY NpeAey WIH OTINYaThCs OT HEro.

B sTOM AMarHocTH4eckoM NPOTOKOJIE METOBI (BKJIFOUAsl CCHUIKM HA HAa3BaHUs OpPEHI0B) ONUCHIBAIOTCS
B MOPS/IKE WX OIyONHMKOBaHMS, MOCKOJBKY OHH OMpPEICTUIN W3HAYAIbHBIA MOIY4YEeHHBIH YpPOBEHb
YyBCTBUTEIILHOCTH, CLICIU(UIHOCTH H/WUITH BOCIIPOU3BOAMMOCTH.

3.1 TIlpoBepka cemsiH/3epHa

HenocpencrBennas BusyanbHas MpoBepka JUO0 Ha HalWuue SAEp C TOJIOBHEH, JUO0 Temuocmop,
3aCOPSIOIINX CEMEHA MU MOBEPXHOCTH 3€pHA, HE CUMTAETCS HAJSKHBIM METOJIOM B (PUTOCAaHUTAPHBIX
nensix. Tem He MeHee, siipa C TOJOBHEH MOTYT OBITh BBISBICHBI IPU BHU3YAJIbHOH NpOBEpKe
HEBOOPYKEHHBIM IJ1a30M B COUETAHUH C U3YUYEHHEM I10]I MUKPOCKOIIOM C MaibIM yBennueHnueM (10-40-
KpaTHOe yBenuueHue). HacTosimumii mpoToKon OCHOBaH Ha NPOBEPKE oOpasla ceMsSH WM 3epHa
o0wvemoM 1 Kr; Bech 00pasel 10JKeH OBITh TPOBEPEH HAa HATMUHE sSI/IEp C TOJIOBHEH (pUC. 2) MK JPYTUX
cemstH 311ak0oBBIX (Poaceae, Hampumep Lolium spp.). CuMITOMBI HaOTIOAAIOT U 3aMKUCHIBAIOT HAIHIHE
Ipyrux cemsiH Poaceae.

Ecnu siapa ¢ rojoBHEH NPUCYTCTBYIOT, MOJIOKUTEIBHBIM AUArHO3 MOKET OBbITh IIOCTABJIEH Ha OCHOBE
Mopdororun Tenuocnop. CriexyeT MOATOTOBUTH NMPEAMETHBIE CTEKJIA C TEIHOCIOPAaMH M OMHCATh
Mopdosoruio 3Tux Tenuocnop. Eciu mopdonorus Teamocnop cooTBeTCTBYeT npr3Hakam 7. Indica (cm.
pazznen 4.1 u puc. 4-8), MOXKeT OBITH TIOCTABJIEH TOJOKUTEIBHBINA AUATHO3.

UT0oOBI MOMOYH BH3yaM3UPOBATH CUMIITOMEL, sifjpa MOKHO 3aMouuTh B 0,2% NaOH B Teuenue 24 4
npu Temmneparype 20°C, 4ro MIrko oTOeIMBaeT 3HAOCHEPM M KOHTPACTHO BBHIAEISIET MOYEPHEBIINE
3apakeHHbIE y4YacTKHA. DTOT MpolLecc OCOOEHHO MOJIe3eH AJISi XUMHYECKH 00pabOTaHHBIX HapTHH
CEMsIH, Ha KOTOPBIX IIBETHbIE KPACHTENIM MOTYT CKpbIBaTh cuMnToMbl (Agarwal and Mathur, 1992;
Mathur and Cunfer, 1993). [Ipu TsbkenoM 3apaK€HUU W 3aCOPSHUU TEIHUOCIIOPHl MOXKHO YBHJIIETh HA
noBepxHocTH cemstH (Mathur and Cunfer, 1993).

[pu oTcyTCTBUM S1/1€p C TOJOBHEH MOKHO MCIIOJIB30BATh TECT-IIPOMBIBAHHE YEPE3 CHTA C OTBEPCTHAMH
oIpeieIeHHOro auameTpa (paszen 3.2) It OnpeesieHus: TOro, MPUCYTCTBYET MM HE MPUCYTCTBYET
T. indica B oOpasue. Kpome TOro, mpu OTCyTCTBUH SCp C TOJOBHEH MOXHO CUUTaTh, uto 7. Indica
orcyTcTByeT. Ecimu BBISIBICHO 3acopsoiiee obOpaserr cemsi Lolium spp., cymiecTByeT BbICOKast
BEPOSATHOCTH TOTO, 4TO 7. walkeri OyieT BhIsIBIIEH B 00pasIie.
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3.2 BblaeieHue TeJHOCNOP U3 CeMsTH/3epHA, TeCT-MPOMbIBAHHE Yepe3 CHTA C
OTBEPCTUSIMH OIIPe/IeJIEHHOT0 THaMeTpa

TecT-mpoMBIBaHHE Yepe3 CUTA C OTBEPCTUSMH ONPEACTICHHOTO JHAMETpa SBISCTCS HAJICKHBIM
METO/IOM BhIssBIIcHHs Teimocmop T. Indica B HeobpaboTanHoM obpasreTriticum aestivum, Triticum
durum wmu Triticum aestivum x Secale cereale. BaxxHo mpoBepuTh, KAK MHHHMYM, TPH TTOBTOPHBIE
HaBeCKH, Kaxkzaas oO0beMoM 50 T, 4YTOOBI TapaHTHPOBATh BBIABICHUE TEIUOCIOP, €CIH OHHU
NPUCYTCTBYIOT B oOpasie (cM. Tabmumy 1 Juis 4ucia BHIOOPOK, HEOOXOJMMBIX [UISl BBISBICHHS
Pa3IMYHOrO0 4YHUCIa TEJIHOCNOp). DTOT MeToA B cpeaHeM wumeeT 82%-Hywo 3(QeKTHBHOCTH
BOCCTaHOBJICHUS, W JUISi WUCCIIEIOBAHUS T0J] MHKPOCKOTIOM OOBIYHO TPEeOYIOTCS TONBKO HECKOJIBKO
peaIMeTHBIX cTekon Ha S0 T o0pasia. MeToj onrcan HUke, OoJiee Mo apoOHas mH(opManus MpuBeIcHa
B pabotax Mumana u ap. (Inman et al., 2003), TTetecona u ap. (Peterson et al., 2000) u Paiita u ap.
(Wright et al., (2003). TIpenen BbISBICHHUS MOXET ObITh PaBEH PETIIAMEHTAIIMOHHOMY IMpEeTy HIIH
OTJIMYATHCS OT HETO.

BaxxHO 3aMOUYUTH Mepe]] UCTIONIb30BaHHEM Bce 000py/I0BaHue B TeUeHUE 15 MUH. B Ae3MHGUITPYIOLICM
pactBope (1,6% runoxioputa Hatpus (NaOCl) akTUBHOTO MHIPEAMEHTA), YTOOBI MCKIIIOUUTH PUCK
JIOKHBIX  Cpa0aThIBAaHUM TNPU  TEPEKPECTHOM  3aCOPCHHHM  OT  MPEABIAYIIMX  00pasIioB.
Jle3nHQUIUP YO pacTBOP yOUBACT TEIHUOCHOPBI U JEIACT MX MPO3PAYHBIMU MO CPABHEHHIO C HX
OOBIYHBIM TEMHBIM, OKpAIlCHHBIM IMUTMEHTOM BHEINHUM BujoM. [locie 3amauuBaHuMS BCe
000pyI0BaHUE MPOMBIBAIOT BOJOIPOBOIHOMN BOJIOM.

50-rpamMMOBEIiT 00pa3en; HEOOPaOOTaHHBIX CEMSH IOMENIAIT B KOOy Opienmeiiepa (250 mi) co
100 mn BomHoro pactBopa 0,01% Tween 20. OOpaser; MoMemalOT Ha IICHKEp Ha 3 MUH. MPH
200 o6opoTax B MHHYTY, YTOOBI BBIJIEITUTH TEIHOCTIOPEI, 3aTEM MIEPETUBAIOT YePE3 CUTO C OTBEPCTHSIMH
JIMaMETPOM 53 MKM B CHTO C OTBEPCTHAMHU JuamMeTpoM 20 MKM, KOTOPOE Pa3MeIleHO BHYTPH BOPOHKH
B BepxHeil yacTu apyroit konosl (500 mir). KonOy, B koTopoi Ob11 00pasell, 3aTeM JBaX bl IPOMBIBAIOT
CTEpUJILHON BOJOIPOBOIHONW BOJOW, NPHOIM3UTENBLHO S50 MII KaxIbld pa3: MPOMBIBHYIO BOJIY
BBUIMBAIOT Ha oOpaser uepe3 cuto. [locne 3Toro oOpasen MpOMBIBAIOT CTEPHIILHONW BOJIOIPOBOIHOM
Bojoi (200-300 ™mJ1), UCHOJIB3yS OTCOCHYIO CKJISHKY, 4YTOOBI OOECIEYUTHh XOpOIIee yIaleHue
tenrocnop u3 cemsiH. OOpaszelr ¥ CUTO C OTBEPCTUSAMHU guamMeTpoM 53 MkM yaansor. CHTO ¢
OTBEPCTUSIMU AuamMeTpoM 20 MKM HaKJIOHSIOT MOA yriioM 45° U ¢ IOMOUIBIO OTCOCHOU CKIISIHKU CO
CTEpUIILHON BOJOIMPOBOJHON BOJIOM MPOMBIBAIOT OCTATKH CEMSH Ha CHTE CBEPXY BHH3 HIMPOKUM
JBIDKEHHEM B CTOpPOHY, JIBHTas CHTO Ha3aJ W BIeped. DTOT IMpollecc BhIMbIBaeT M3 o0Opasma Bce
TEJIMOCTIOPHI, OCTABIINECS B HIDKHEH YacTH CUTA. 3aTeM TEIMOCIIOPHI M OCTATKU CEMSH IPOMBIBAIOT B
KOHUYECKOH MpoOupke ais neHTpudyru oobemMoM 15 mi. BakHo MCTIONB30BaTh MOTUIPOIHIIEHOBEIE
MPOOUPKH, TAK KaK TEITMOCIIOPHI MPUIIMIIAIOT K CTEHKaM MPOOUPKH W3 TIOJUKapOOHATa, YTO MPUBOIUT K
JIOKHBIM peE3yJibTaTaM. Ot JleﬁCTBI/IH MOBTOPAIOT, IMOKa CHUTO C OTBEPCTHAMH 20 MKM HE CTaHET
yucThIM. VTOroBBIN 00BbeM mpoOWpKu — mpumepHO 8§ Mil. Eciu HEOOXOIUMO, CHTO C OTBEPCTUSIMHU
20 MKM MOXHO pacCMOTPETH MO MUKPOCKOIIOM C MaJlbIM YBCIWMYCHUEM [JIs NPOBEPKHU Ha HAJIUYHC
OCTaTOYHBIX TEIHOCIIOP.

CoOpannyto cycriensuto eHTpudyrupyot npu 1000 g B TeueHue 3 MUH., 4TOOBI COOPATh TEIHMOCIIOPHI,
TaK Kak OHM IUIOTHEE, 4YeM OOoJIbIIasi YacTh OCTATKOB CEMsIH, COOPaHHBIX B X0JI€ TeCTa-POMBIBAHHSI.
VYpaBHeHue s pacuera OoTHOCUTeNnbHOW eHTpoOexHoi cuibl (RCF (g)) B oboporax B MUHYTY —
RCF = 1.12 I'max (r.p.m./100), 1€ I'max — MaKCUMAaJIbHBIH pagryc (MM) OT LIEHTPA BPAILIEHHS JI0 HIKHEN
yacTu NeHTpudyxkHoU mpobupku. CyrepHaTaHT OCTOPOKHO yIAISIOT, He HapyIas 0CaJIOK B TPOOUpKe,
UCIIONIb3Ysl HOBBIE oOfHOpa3zoBble mumneTku [lactepa. Ocagok 3aTeM MOXKHO PacCMOTPETh MOJ
MHUKpOcKomnoM. Ecin ocagok CIMIIKOM TyCTOH, AJsl pa30aBiIeHus! CyClieH3UH MOXHO JOOaBUThH BOAY,
nepesi McciaeJOBaHUEeM 10/ MHKPOCKOTIOM OCaJI0K MEePEeMEIINBAIOT HAKOHEYHUKOM ITHIIETKH, YTOOBI
CYCIICH3Us CTajla OJHOPOHOM.

Bech ocaziok cycrieH3uH HAaHOCUTCS Ha IPEIMETHOE CTEKJIO MUKPOCKOIIA KaruisiMi 00beMoM 20 MKIT 1
HAKpBIBAETCS TIOKPOBHBIM CTEKJIOM. Claiiibl M3y4yaroT NpH MOMOIIN MUKPOCKOIIA 110 METOAY CBETJIOTO
nosst ipu 20-40-kpaTHOM yBenuueHNH. BakHO M3YUHTh Ha HATMYHE TEIMOCHIOP KaXKAbIM KBaIpaTHBIN
MWUIMMETP CYCHEH3MM Ha IpeAMETHOM cTekie. Ecinm HalleHbl TeIHOoCIOphbl, 3aluChIBAIOT
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Mop(hooTHyYecKie XapaKTepUCTHKH (HAlIpUMeEp pa3Mep, [IBET U OPHAMEHT) W KOJIMIECTBO TEITHUOCIIOP,
HaWJICHHBIX HA KaXJIOM IIPEIMETHOM CTEKJIE.

Ta6bnuua 1. Konnyectso NOBTOPHLIX HABECOK 06 beMOM 50 I, HEOGXOAMMBIX AN BbISIBNEHWUS Pa3fNYHbIX YPOBHEMN
3acopeHnst ¢ 3afaHHbIM YPOBHEM AOCTOBEPHOCTW, C AOMYLUEHWEM PaBHOMEPHOrO pacnpedernieHvs Ternmocnop
(Peterson et al., 2000)

Kon-Bo noBTOpHLIX HAaBeCOK, Heo6xoanuMoe Ans BbisiBNeHUs1 B
COOTBETCTBMM C YpOBHEM focToBepHOCTH (%)

YpoBeHb 3acopeHus 99% 99,9% 99,99%
(konunyecTBo TENMOCNOP Ha
50 r obpasua)

1 3 5 6
2 2 3 4
5 1 1 1

4, HUnentudguxanus

Wnentudukanus T. Indica ocHOBBIBaeTCsI 0O (8) HA CUMIITOMAX Ha SIpax U MOP(OIOrHH TEIUOCIIOP,
wiu (b) Ha MOpdOIOTHHU TETHMOCTIOP U BBISBICHUH YHUKAIBHO#M mocienoBarensHocT JITHK ¢ momorbio
onuoro u3 meronoB [ILIP (cm. puc. 3).

4.1 MopdoJiorust TeJHOCHOP

Kornma mpu Tecre-nmpoMBIBAaHHM Yepe3 CHUTa HAXOMST IOJO3PUTEIIBHBIC TEIMOCIIOPHI, SIpa KaK U3
MPOMBITBIX HABECOK, TaK U W3 OCHOBHOrO 00pasiia MOTYT OBITh MOBTOPHO MPOBEPEHBI HA HATUYHE
CUMNTOMOB. EcM cUMNTOMBI HAaWICHBI, UX CIACIYET MOATBEPAUTH MyTEM W3YUYCHHS TEIUOCIOP MO/
MUKpocKomoM. JIroOble ceMeHa TpaB, HaiJIcHHbIC B O0pasile, TaKXKe JOJDKHBI ObITH MPOBEPECHBI Ha
HAJIMYUE TIPU3HAKOB 3apa)KCHHUs T'OJOBHEW W, €CJIU OHM HAHJICHBI, COOTBETCTBYIOIIUE TEIHOCIIOPHI
CIeJyeT paccMOTPeTh MO MHUKPOCKONMOM. Eciu Tenmocnopbl, HalJAeHHbIE MPH TECTE-MPOMbBIBAHUU
yepe3 CHTa, TaKUE e, KaK U Ha sjipax ¢ TOJIOBHEH, MOXKHO MOCTaBUTh auarto3. Eciu, omHako, sjpa ¢
TOJIOBHEH HE BBISBJIICHBI B BHIOOPKE OOJIBIIETO pa3Mepa, s UACHTU(HUKALUN PEKOMEHYETCS TPOBECTH
aHaJIM3 OJIHUM U3 MOJICKYJISIPHBIX METOJI0B (paseisl 4.3.1-4.3.4).

B tabnuiie 2 npuBeeHb MOP(HOIOrUIeCKHe XapakTepucTuKy Teroctop T. indica, a taxke Tearocnop
o6mero Buna Tilletia, koTopble MOXKHO HAWTH B CEMEHAX MJIM NApPTUAX 3epHA U ciyTaTh ¢ 1. Indica.

4.1.1 Mopdosioruueckast uieHTuGUKaANUA

Temnocnopsr T. indica mapoBuaHbEE WX OKPYTIIBIE, HHOTA ¢ HEOONBIIMM (hparMEeHTOM, MMEFOIIHM
rudsr (6ojee pacHpOCTpaHEH Ha HE3PENbIX TENHOCIOpaX, HO WHOTJA BBIABISETCS M Ha 3PEIbIX
TEJINOCIIOpax ), B OCHOBHOM 22-47 MKM B IHaMeTpe, HHOT[a OobIiie, 10 64 MkM (cpenHuit 35-41 Mkm);
OT OJICIHOTO OPAHKEBO-KOPUYHEBOI'O IO TEMHO-KPAaCHOBATO-KOPUYHEBOTO I[BETA; 3PEIIbIE TEIIMOCIIOPHI
YepHbIE W Hempo3pauHbie (pUC. 4 U 5); ¢ IUIOTHBIM OPHAMEHTOM, MMECIOIIMM YETKOE YKa3aHHE B
HAMpPaBJICHUH YCEUYEHHOTO IIHIA, MHOT/Ia ¢ U30THYThIMU Bepxyiikamu, 1,4-5,0 (-7,0) MKM B BBICOTY,
YTO TPU PACCMOTPEHUU CO CTOPOHBI IMOBEPXHOCTH BBITIISIUT JIMOO KaK OTJENbHBIC MIMIEI (TUIOTHO
OKPY’KCHHbIE KOPOTKMMH LIUIIAMH ), THOO0 KaK OJIM3KO PacIoI0KEHHBIC Y3KUE XPeOThI (UETKO MMEIOIIUE
CXOJICTBO C peibe(oM KOpbI FOJIOBHOrO Mo3ra) (puc. 4 W 5); LIMIBI MOKPHITHl TOHKOW T'MaJIMHOBOM
MemOpanoii (Carris et al., 2006; CMI, 1983).

CrepunbHhsbie kieTkd 1. Indica mapoBuAHbIC UM OKPYTIIbIE, MHOT A KaIUIEBUAHOW OPMBI, KEITOBATO-
Kopu4HeBbIe, 10-28 MKM*48 MKM, ¢ MATIEHBKUM OCTpHEM (KOPOTKasi HOKKa) WK 0e3 Hero, C TIaAKUMHU
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CTEHKaMH 10 7 MKM, MHOrocjioineie. CTepuibHBIE KIETKH Yalle BCEr0 HE BCTPEYAKOTCS IOCTE
npombiBanus depes cuto (Carris et al., 2006; CMI, 1983).

Ecnu nocne Tecta-nmpoMbIBaHus Yepe3 CUTO BBIBICHO 10 wiu OoJiee TETUOCIIOp, MOXKHO TIOITBEPIUTh
Mopdosiorndyeckyto unaeHrudukammo. Ecim BeisiBieHo MeHee 10 Tenwocmop, Mopdonormueckue
XapaKTEPUCTHKH HE CUUTAIOTCS aOCOTIOTHO HAACKHBIMH I IocToBepHOH maeHTHdukanuu (EPPO,
2007). B aToM citydae peKOMEHIyeTCs TIOBTOPHBIH 0TO0p P00 13 00pasiia myTeM MOArOTOBKH HOBBIX
HABECOK M3 IMEPBOHAYAILHOTO 00pa3iia 00beMOM | KT U MX IPOBEPKHU.

4.1.2 Mopdosornyeckoe cpapHenue ¢ Apyrumu Buaamu Tilletia

Hamnbomee BaxkHble MOP(HOIOrMUYECKHE XapaKTEPHCTHKH, KOTOphIe pasmuuaror T.indica, T.walkeri,
T. horrida u T. ehrhartae, — 310 pasmep Temuocnop (IUamna3oH 1 3HAUYEHIE), OPHAMEHT M IBET (TabI. 2;
puc. 4-8). B onyOnMKoBaHHBIX OTYETaX YacTO MPUBOISTCS Pa3IMuHbIC 3HAYCHHUS pa3Mepa crop. Pazmep
CIIOP 3aBHMCHT OT 3AJHUBOYHON cpemsl W TemioBoi ob6pabotku. Ilackos u mp. (Pascoe etal., 2005)
nokasai, yto B ABctpanuu T.walkeri u T. ehrhartae sacto 3acopsiror cobpanubliii ypoxaii Triticum
aestivum. B Coenunennbix LlTatax Mmopdonorndecku u renerndecku cxoxuii rpud T. walkeri, a Takke
T. horrida u3BecTHBI Kak 3acopuTenu codpanHoro yposkas Triticum aestivum (Castlebury and Carris,
1999; Cunfer and Castlebury, 1999; Smith et al., 1996). Kpome Bumos Tilletia, ykazanusix B Tabmmie
2, npyrue Bumsl Tilletia ¢ GyropkoBuaHbIME criopamMu MOKHO cryTath ¢ T. indica (Durén, 1987; Duran
and Fischer, 1961; Pimentel et al., 1998). BeisiBiieHue 3TuX BHIOB Kak 3acopsroumx Triticum aestivum
Mmeree BeposTHo. Ouu Brimogarot Tilletia barclayana sensu lato (romosus pasauunbx BuaoB Poaceae,
Harp. Panicum u Paspalum), Tilletia eragrostidis (ua Eragrostis), Tilletia inolens (1a Lachnagrostis
filiformis), Tilletia rugispora (ua Paspalum) u Tilletia boutelouae (na Bouteloua gracilis). He 6bu10
BBISIBJICHO, YTOOBI KaKOH-THMOO M3 3THX MOP(HOJOTHYSCKH CXOKHX BHAOB HMHGpHUIHpoBan Triticum
aestivum ecTeCTBEHHBIM ITyTEM.

[Tpoduu MUNOB CPEeAMHHBIX TEIUOCIIOP MOXKHO YIIYUIIUTh TyTeM oTOenuBanus Tenuocnop B 10%-m
NaOCl B teuenne 15-20 muH. [Ipr HEOOXOIUMOCTH TEIHOCIIOPHI 3aTEM MOXHO MPOMBITH JABAXKIBI B
BOJIC M OKPacuTh, HANPUMEP, B TPHUMAHOBBIA CHHUN WM CHHUH IJIS XJIOTKA IBET MPU ITOMOIITH
rmIepuHa-iakTo (puc. 8).

4.2 BblgejeHue U NpopandBaHHe TEJTHOCTIOP

B Hacrosmiee Bpems CyHIECTBYIOT [Ba MeETOJQ IIOATBEPXKACHUS HICHTH(UKAIUU TEIUOCIIOP,
BBISBJICHHBIX B XOJ€ TeCTa-IpOMbIBaHMs uepe3 cura (paszmen 3.2). CymecTByeT CTaHAapTHas
NpoIIelypa BOCCTAHOBIICHHS TEITHUOCTIOP C MPEIMETHOTO CTEKIIA U CTUMYJIMPOBAHHUS X MPOPALIHUBAHUS
(pasmen 4.2.1), a Takke HOBast mpoileaypa, paspaborannas Tanom u ap. (Tan et al., 2009), koropast
no3sossieT nmposectu I[P HenocpeacTBeHHO HA OIHOMN TENHOCTIOPE, BOCCTAHOBICHHOM C TPEMETHOTO
crekna (pazmen 4.2.3).

4.2.1 TIpopamuBaHue TEJIHOCHOP

T. indica sBasiercst ycmoBHbIM OMOTpOdoM. J[JIst TTOTYUIEHUS KYJIBTYP TEIHOCITIOPE! 3aMauMBalOT B BOJIE,
OBICTPO CTEPUIIN3YIOT MIOBEPXHOCTD, a 3aTEM MPOPAIIMBAIOT HA YaIIKaX C BOJSHBIM arapoM.

Tenuocnopbl MOT'YT OBITH BOCCTAHOBJIEHBI C IPEIMETHBIX U MTOKPOBHBIX CTEKOJI MTyTEM MPOMBIBAHUS HX
JUCTUIIJIMPOBAHHON BOJOM Yepe3 CUTO C OTBEPCTUSIMH AuaMeTpoM 20 MKM B YHCTYIO CTEPHIIBHYIO
KOHHYECKYIO IPOOUPKY st IeHTpudyrH (kak B pazaene 3.2). O0beM 0KeH ObITh MPUOTU3UTEITHHO
3-5 mut. [Tpobupky HHKYOUPYIOT B T€USHHE HOUM Mpu Temriepatype 21°C miist yBlaxkHEHHS TETHOCTIOP,
a TaKkXxe JUIs TOro, YTOOBI c1eaTh TPUOKOBEIE U OaKTepUalIbHBIE 3aCOPUTENH 00JIee BOCIPUUMUNBBIMU
K IOCIeqyrouel MoBepXHOCTHOHM crepunu3anuu. Ilocne mHKyOanmum B TeueHHWE HOYM TEJIMOCIOPHI
ocaxaaroT neHTpudyrupoanuem npu 1200 g B TeueHue 3 MUH.

CynepHaTaHT yAaJIsoT, a TEJIMOCIOPbI CTEPHIIN3YIOT ITyTeM CYCIIEHIUPOBAHUS Ocajika B 5 MJI pacTBOpa
runoxyioputa Kameius (0,3-0,5% NaOCIl akTtuBHOrO HWHrpemneHTa), OBICTPOTO IMEpEeBOpadYMBaHUS
npoOupku Tpu pasza u Hentpudyruposanus npu 1200 g B Teuenne 1 muH. HekoTtopbie Tenmocnopsl
MOTYT OBITh YHHUYTOKEHBI, €CIM BPEMS BO3ACHCTBUS THUIOXJOPHUTA KajblMsi NPEBBICUT 2 MUH. B
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KauecTBe aIbTEPHATUBHI OOPaOOTKE THUIOXJIOPUTOM KaJbIHsI TEITHOCIIOPH MOXXHO TIOBEPXHOCTHO
cTepuin3oBath B TeueHue 30 MuH B 5-10 M1 OKHCICHHOM 3neKTpou3upoBanHol Bone (AEW). AEW
3¢ (HEeKTUBHO CTEPHIIN3YET MOBEPXHOCTh TEIHOCIIOP, HO, TI0 CPABHEHUIO ¢ 00PAaOOTKOM THIIOXJIIOPHTOM
KaJbIHs B TeueHue 1-2 MHH, CTUMYJIUPYET, a He CHIKaeT mpopamuBanue teanocnopsl (Bonde et al.,
1999). Tennocnopsl 3aTeM MPOMBIBAIOT ABAXKIBI, YA CylIEpHATAHT, pECYCIIEHANPYS 0CaJIoK B 1 M
CTepUIILHON TUCTIWLTHpoBaHHOK BoAbl (SDW) u nentpudyrupys npu 1200 g B TeueHune 5 MUH.

Ocanok pecycrneHAUPYIOT B | MII CTepWbHON AUCTHILIMPOBAaHHON Boxbl, 200 MKI CyCIIEH3WH
TEIMOCTIOP MTOMEMIAIOT B aCENTHYECKHUX YCIOBHSIX B HAIIKH € 2%-M BOJSHBIM arapoM ¢ aHTHOMOTHKAMU
(WA + A) u paccemBaroT ¢ MOMOIIBIO CTEPIILHOTO paccenBaTens. Mcmonb3yemble aHTHONOTHKA: 60
Mr neHUIWUIMH-G (HatpueBas coib) 1 200 Mr cTpenToMuiinHa cyibhara Ha mutp arapa (EPPO, 2007).
Yamkun ¢ WA+A unkyOupyror npu Ttemmneparype 21 °C mpu 12-yacoBol NpOJOIKUTEIHHOCTH
CBETOBOTO AHS. YaIllKu BBIACPKUBAIOT MPUOTU3UTENFHO B TEUCHHWE 5 THEW MO TepMeTH3alluu HITH
YIIAKOBKHU B MPO3payHbIe MOIUITUICHOBEIC MAKETHI.

Uepes 7-14 nueil He HaxonsAIIUEcs B COCTOSHUU IOKOS TEIUOCHOPBHI IMPOU3BOISAT MPOMHULEIHM,
Hecymui 32-128 unu Oonee 6a3uauocnop (MEpBUYHBIN CIIOPUANI) HA CBOCH BEpXYIIKE. DTH KOJIOHUN
00BIYHO TPOM3BOAST BTOPHYHBIC CIIOPUAMU JABYX THIIOB: HUTEBUIHBIC W aJUTaHTOWAHBIE. X MOXHO
KYJIBbTUBAPOBATh HEMOCPEICTBEHHO Ha TBEPAOH cpere (puc. 9) WM Ha KUIKOW MUTATENLHON cpere,
HampuMep, Ha KapTo]erbHO-IeKCTpo3HOM OyihoHe. BripezaroT HeOompime 6oku arapa (1 cMx1 cm)
C MPOPOIICHHBIMH TEIHOCIOpaMH MM KOJIOHUSIMH M 3aTeM MPHUKPEIJISIOT UX Ha HU)KHIOIO CTOPOHY
KpeIIkd vamku lletpu Takum o0pa3zom, 4TOOBI TPOpOINEHHas Telmuocmopa Oblia oOpamieHa K
MIOBEPXHOCTH OY/IbOHA. DTO MO3BOJISET BBIMYCTUTh CIOPHUAMH HA IOBEPXHOCTH OyiboHA. Yamku
UHKYOUpytoT npu Temmneparype 21 °C npu 12-yacoBoif MpOJOIKUTENBHOCTH CBETOBOTO JHA. Yepes
2-3 s 0a3uAMOCIIOpH, HAHECCHHBIE HA MOBEPXHOCTH OYJIbOHA, MPOU3BOIAT HEOONBLIYIO TUICHKY
Muuenust guamerpoM npumepHo 0,5-1,0 cm. Kaxknas nieHka Muuenus yJoaiasieTcsi CTEpPUIbHOM
NpenapoBaibHOM UTJION W MPHUKIIAABIBAETCS K CTEPUIBHON (HIBLTPOBAIBHON Oymare, 4ToObl YAaIHTh
W3MMIIHAKA ~ OynboH.  Munenuii  momemiaercss B MOAXONsANIME  TPOOMPKM  (Hampumep
MUKpoLeHTpuyXHbIe Mpodupku oobemom 1,5-2,0 mur) st HerocpeacTBeHHOTo Bhinenerns JJHK nm
xpaHutcs npu temreparype -80 °C nns nocnenyromero Beigenenus JHK.

He Bcerna BO3MOXXHO IPOBECTH NPOpAIIMBaHUE TEIUOCHOP AJISI MOJIEKYJISIPHOTO aHalu3a, HarpuMep,
eciu cemena oopaboransl NaOH, kak B ciy4ae ¢ 3epHOM, 00padOTaHHBIM QYHTUIMIAMU. Y BeITHUCHHE
KOJIMYECTBA MPOCESHHBIX HABECOK MOXET YBEIMYUTHh KOJMYECTBO BOCCTAHOBJIEHHBIX TEIHOCIIOP H,
CJIEZIOBATEIbHO, KOJIMYECTBO TEITHMOCIIOP, KOTOPBIE MOTYT OBITh MPOPOLIEHBI. Tearocnopsl MOryT OBITh
B COCTOSIHMHM TOKOSI, YTO MOKET HEraTUBHO OTpa3uThes Ha mpopaniuBanuu (Carris et al., 2006). Oty
po0JieMy MOXKHO PEIIMTh MyTeM npoBeacHus npsmoi TP B peasbHOM BpeMEHH Ha OTACIbHBIX
Tenrocnopax (cM. pazzuen 4.3.4).
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Tabnuua 2. Mopdonoruyeckue xapakrepuctuku tenuocnop Tilletia Indica, Tilletia walkeri, Tilletia horrida v Tilletia ehrhartae n pacteHus-xosseBa, cBA3aHHbIE C 3TUMW YeTbIPbMS

BMOaMM
Paswep
FEETED) Tenuocnopsbl ®dopma O6onou4ka PacTteHus-
Bug TenMocnopbl op LiBeT Tenuocnopsbl p LUvnkl Tennocnopsl
(MKM) (cpeaHuin) TenmMocnopbl TenMocnopbl xo3seBa
(MKMm)
T. indica® 22-64 35-41 BbnenHo oparmxeso-  LWaposugHas  [pucytctByeT 1,4-5(-7) MKkm Triticum spp.
KopuiHesas unu unu okpyrnas CBepxy NMNOTHO OKPYXeHbl KOPOTKNMM
TEMHO-KpacHo- LUMNaMU UMK BbIFMSIAST Kak 6rnM3ko
KopniHesas, PaCMONIOXEHHbIE Y3K1e XPebTbI (HETKO
3pernbie Crnopbl MMEIOLLIME CXOACTBO C perbeoM Kopbi
HepHble nnu TOJTIOBHOMO MO3ra).
Henpo3payHble y
po3p C6oky bonee rnmagkue, 6onee NomnHbIn
KOHTYp M3-3a LUMMNOB, KOTOPbIE NNOTHO
pacnornoXeHbl, HOTAA C U30THYTbIMU
KOHLUaMW.
T. walkeri® 28-35 30-31 Ot 6nepHo-xentoro  LlaposugHaa  [MNpucytcTeyer, 3-6 MKM Lolium perenne n
00 TeMHoro PacMpoCTPaHARTCA  [pyBpie + / - UMEIOLLME CXOLACTBO C Lolium multiflorum
KpacHosato- Ao BepxyLuek penbedoM Kopbl FONIOBHOrO MO3ra.
KOPWYHEBOrO LiBeTa NPOEKLINiA, i 6
(He BbiBaeT HI 'ManVHOBAS MAW NpOKMe HemorHble XpebThbl, UMetoLme
YepHOIA, Hit KENTOBATO- CBEpXyY CXOACTBO C penbedom Kopbl
Henpo3payHoW) KOpW4HeBas rONOBHOTO Mo3ra.
C6oky npodunb HeperynspHbIi, C
3a3opamy Mexay wunamm.
T. horrida® 14-36 24-28 CeeTtnas nnu LWaposuaHaa  [MpucytcTeyer, 1,5-4 MKkm Oryza spp.
(3penbie <25) TeMHO-KallTaHOBasi, ~ WNN OKPYrMasi  PacrpoCTPaHAETCA  YacTo MaorHyThie, CBEpXY BLIFMAAAT Kak
MOXET ObITb § [0 KOHLa LWunoB, NOMaHble YeLLyiiK.
nonynpo3payHom rManvHoBast unu
TOHMpOBaHHas
T. ehrhartae? 17-25 HeT gaHHbix  O4yeHb TeMHas, LWapoeuagHass  lpucytcTByerT, 1-2,5 MKMm Ehrharta calycina
OJIBKOBO- nny okpyrnas - pacnpoCTPaHSeTCa | |ynunapudeckue Unu cnerka

KOpWYHeBas, koraa
3penas. MoxeTt
ObITb HEMPO3paYHON

[0 KOHLa nnoB

KOHM4YecKkune Wnnbl.

MexayHapoaHas KOHBEHLMA NO KapaHTUHY U 3awuTe paCTeHVIVI
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Pa3mep
FEETED Tenvocnopsbl ®dopma O6onou4ka PacteHus-
Bug Tenvocnopbl op LiBeT Tennocnopbl p LUnnkl Tennocnopsl
(MKM) (cpeaHun) Tenuocnopsl Tenuocnopsbl xo3feBa
(MKM)
n3-3a MenaHusauum U1 HEMHOTO CBepxy peako HanoMuHatT penbed
yeLuyek. hanblue KOopbl ronioBHoro Moara. bornbLuve,

OCTpbl€ NonnroHanbHble WWNbI.

C60oKy LUIMPOKO yCeYeHHble, BNOTb 40
crerka 3akpyrieHHbIX Ha BEpPXYLUKe.

MpumeyaHns: ®Ha ocHose paboTsbl MHmaHa 1 ap. (Inman et al., 2003). "Ha ocHose pa6oT Castlebury, 1998; Milbrath et al., 1998; Castlebury and Carris, 1999; Cunfer and Castlebury, 1999. °As
T. barclayana: Duran and Fischer, 1961; CMI, 1965; Duran, 1987; Castlebury and Carris, 1999. Kak T. horrida: Khanna and Payak, 1968; Aggarwal et al., 1990; Castlebury, 1998. “Pascoe et al.,

2005.
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4.2.2 TIpopamuBaHue BHA0B mMoao0HbIX Tilletia

Ha xynbrype T.walkeri u T.indica oOpa3yroT oueHp moxoxwue Kononun. Ha kaprodenbHO-
nexcrpoznoMm arape (KJIA) aepes 14 queit mpu temneparype 19°C u 12-9acoBoii mpoI0HKATETFHOCTHIO
CBETOBOTO JIHS 00a BHJIa 0OBIYHO MPOU3BOISAT MEAJICHHO PACTYIINE HEPETYIISIPHBIE KOJIOHUHU OT OeJIoro
bi (o) KpEMOBOTO 1BeTa, HUMEIOIIHE TBEPIBIT MOKPOB, MPUMEPHO
4-6 MM B muamerpe (puc. 9). B orimume oT 3TOro, CONoCTaBHMbIC KyNbTypwl 1. horrida pactyt
3HAYUTEITFHO MejIcHHee (KOJOHHUH TOJBKO 2-3 MM B IHaMeTpe) u3-3a 0oyiee BHICOKOH ONTHMaIbHOM
JUIs HUX Temmeparypbl. M3omsater T. horrida moryt Taxke MpOM3BOIMTH KPAaCHOBATO-(HHOJCTOBBII
nurMeHT (puc. 9), kak Ha KJ[A, Tak 1 Ha KapTo(enbHO-IEKCTPO3HOM OyITHOHE.

4.2.3 BoccTaHoBJIeHHE OTEJIBHBIX TEJIHOCIIOP

ITocne TOro, Kak TEJIUOCIIOPBI U3YUYEHBI U 3alHMCAHBl X MOP(OIOTHUECKUE XaAPAKTEPUCTUKH, MOXKHO
BBICYIIUTb NIPEJMETHOE CTEKIIO, THO0 BMECTE C TOKPOBHBIM CTEKJIOM, 1100 6e3 Hero. Kornia nokpoBHoe
CTEKJIO yJajsieTcs, ero MOMEINAIT Ha IPEIMETHOE CTEKIO OOpaTHOM CTOPOHOHM, YTOOBI €ro MOXKHO
OBUIO IPOBEPUTH HA HATUYKE TEIHOCIIOP, IPIIUILINX K HEMY.

Ha npyroe mpeaMeTHOe CTEKIIO MOMENIAIOT OJWH KyCOYeK IMOKPOBHOTO CTEKJIA, MONy4EHHOTO MyTeM
paspe3aHust Ha Menkwe Kycouku (1x1 mm2), KOTOpBI OBLI CTepWIN30BaH (B aBTOKJIABE NpH
temneparype 121°C B teuenue 15 MuH uinu B nieuu npu temnepatype 170°C B teuenue 2 4). Kammo
OydepHoro pactBopa, coctosmiero u3 1 Mk Tpuc-3TrineHaMaMuHTETpayKCycHOM KUCIoThl (D/TA)
(TE), moMemiaroT Ha 3TOT KyCOUeK ITOKPOBHOTO cTeka. JInbo 1o/ OMOoI0rmaecKuM MUKPOCKOTIOM, JTH00
IIPY IOMOIIM [IPENapOBAIbHON JIYIIBI OJIHY TE€JIUOCIIOPY IOJIEBAIOT OYEHb TOHKOM UITION U IIOMEUIA0T
B Karuto Oydepnoro pactBopa TE. Tennocnopa nepetifer B kamto. [Ipy moMomy mumoB Ipyroi
CTEPWIN30BaHHON HEOOJBIION KyCcOYeK IMOKPOBHOTO CTEKJIa KIAJyT CBEPXY, YTOOBI MONYYHIICS
"conBud". Tenmocnopa n3MenbyaeTcs IyTeM HaJaBIMBaHH IUIIAMU HA TOKPOBHOE CTEKJIO, a 3aTeM
"coupBuu" u3 crekia nepeHocat B I[IL[P-npoOupky oobemom 0,2 mu. Jlanee MOKpPOBHOE CTEKIIO
npoburcst konurkom numnetku (Tan et al., 2009).

Crnenyronias 3aTeM npolieaypa onvcana B paszene 4.3.4.1.

4.3 Mouexyasipuas uaeHTupukanus

EcTb wenblii psii MOJNEKYJISPHBIX METOAOB, JOCTYIHBIX Ui uiaeHTubwukammu T.indica. MoxHo
UCIIOJIb30BaTh JTFO0O0H U3 CIIOCOOO0B, ONMCAHHBIX HIMKE, OHAKO BaYKHO, YTOOBI CIIPABOYHBIA MaTepHal
(TIOJTOXKUTENBHBIN KOHTPOJIB) OB TMOJTyYeH OT CIEUATUCTOB B 3TOH 001acTu (cM. pasfen 6).

[lepBble TpU NMPOTOKOJNA, ONMCAHHBIE HIDKE, XOPOLIO pabOTaloT, HO IMOJIATAlOTCs Ha MpOpalliBaHue
TEJIMOCTIOPHI, TIPH KOTOPOH MOKET OBITH MosrydeHo goctarodno matepuana JJHK n3 oOpa3oBasmeiics
TieHKn Munenus. lIpopaiiuBanne TENMMOCHOPBHI MOXKET 3aHATH 10 Tpex Henenb. llerepcon u ap.
(Peterson et al., 2000) onpenenuiu, 4T0 CpeHss HOPMa IMPOPAIIMBAHUS TEIHOCHIOP cocTaBiseT 55%,
YTO 3HAYUTEIBHO CHW)KAET NIAHCHI WACHTH()HKAIUM TEIUOCIOP 3THMU TPEMsl MOJEKYISPHBIMU
METO/IaMHU. 3aTeM OIHCHIBAETCS YETBEPTHIH MOJIEKYJSIPHBIA MPOTOKOJ, KOTOPBHIH HE TOJaraeTcsl Ha
NpOpaIIMBaHUE TETHUOCIIOP.

CyIecTBYIOT TUarHOCTHYECKH 3HAYMMBIE Pa3Inyus sIepHON 1 MuToxoHapuaibHoi (MT) JJHK Mexmy
T. Indica, T. walkeri n T. horrida. MexBumoBble MOTUMOP(PHU3MBI ObLTH ONPENENICHbl C MOMOIIBIO
paznmnunbix MeTonoB [P, B ToM uncne cinydvaiiHoi amrumdukanyu monumopdroit JJHK (RAPD),
nonuMopdusMa  JUIMHBL  peCTpUKIMOHHBIX  (parmeHtoB (RFLP) wu  ammmdunupoanHoTro
noymmopdusma umHbl pparmenta (AFLP) (Laroche et al., 1998; Pimentel et al., 1998). B nepsoii u
BTOPOH 00JaCTSAX BHYTPEHHETO TpaHCKkpuOupyemoro creiicepa (ITS) smeproit pudocomnuoii (r) JJHK
6omee 98% cxomcTBa Mexay mocienoBarensHocTssmu 1. walkeri w T.indica (Levy etal., 2001).
Opnnako, B mpenenax obmactu [TS1, 7. walkeri wmeer MUarHOCTUYECKH 3HAYUMBIA yYACTOK
pectpukrasbl (Scal), kotopsiid otcytcTByeT y 1. Indica, T. horrida wim npyrux GIM3KOPOJCTBEHHBIX
BunoB (Levy et al., 2001; Pimentel et al., 1998). Pazmwuus B mocnenoarenbaocTsx MTJIHK mossommmn
paspaborars Bunocneuuduyansie npaiimepst aist 7. indica u 7. walkeri (Frederick et al., 2000). Otu
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mpaiiMepsl MOTYT OBITh MCIIOJIb30BaHbl B 00bI4HbIX [11[P-ananu3ax, B cucreme TagMan® B coueranuu
¢ 3oua0M (Frederick et al., 2000) min mpu MyJIbTHILIICKCHOM aHAIHM3€ B PEATLHOM BPEMEHH C IATHIO
sonaamu (Tan et al. 2009).

4.3.1 Anaau3 pecrpukra3snl o6jgactu ITS1

LleneBoit obOnacteio rena sBisiercss ITS oOmacte simepHoro rena pPHK (Pimentel etal., 1998).
IIpouzBoaumerii I11[P-amrmnkon BkiTrodaeT B ce0s1 kak ITS1 u ITS2, Tak 1 KOHCEpBaTHBHBINA (hparMeHT
5.8S. DTOT aMIUTHKOH comepKuT npuMepHOo 670 map ocHoBaHUH (11.0.), BKIIOYAs MOCIEA0BATEILHOCTH
npaiiMepoB. OJIUTOHYKICOTH/IBI, UCTIONB3YeMble st T. indica:

[Mpsmoii npaiimep ITS1 (5'-TCC GTA GGT GAA CCT GCG G-3)
O6partnbiii paiimep ITS4 (5'-TCC TCC GCT TAT TGA TAT GC-3') (White et al., 1990).

JHK BeIgensroT u3 MUtienus. JTo Ieraercs 100 MyTeM H3MEITbYCHHS MUIIENTHS C TOMOIIBIO CTYTIKH U
NeCTUKa, MO0 myTeM momenieHus npuMepHo 0,1 r MULeIus B CTEPUIbHYI0 MHKPOLEHTPU(YKHYIO
npoOUpKy 00bEeMOM 2 MII, HAMOJIHEHHYI) Ha OJHY TPETh CTCPHIBHBIMH CTEKISHHBIMHU INApPUKaAMHU
muamerpoM 0,5 MM u 1 M Bomel mns MojekynspHoit Owomormn (MGW). Ilpobupka mioTHO
3aKpBIBAETCS] BBUHUMBAIOLICHCS KPBIILIKOM C YIJIOTHUTEIBHBIM KOJIBLIOM U MOABEPTaeTcs KONeOaHusIM
B romorenusarope tumna beadbeater wiu Tuna tissue lyser Ha 4eTBEpTh MOIIHOCTH B TEUCHUE 5 MHH.
W3menpuennyto npoOy ocraBisaoT Ha 30 ¢, 3atem ee JJHK BeIAENsoT mpu MOMOIIM CHEIHAIBEHOTO
Habopa mns Beigenenus JIHK rpubos. Ouncrka JJHK He TpeOyercsa. Brimenennyio JJHK moxHO
HCIIOJIb30BaTh HEMEJJICHHO, XPaHUTh NpH TemnepaTtype 4°C B TeyeHHe HOUM WU MPU TeMIiepaTrype —
20 °C B TeueHue 00€e JIUTEILHOTO MePHOJIa BPEMEHH.

[IIIP 11 modydeHHs PECTPUKLMOHHOIO AaMIJIMKOHA MCHOJIB3YET CIEAYIOUMA MAacTEP-MHUKC
(KoHIIEHTpalUs Ha ojHYy peakiuio oobemoMm S50 mki): 1xIIL[P-Oydep (comepxkarmmii 1,5 MM MgCI2
(Applied Biosystems))!, 0,2 MM xkaxmoro dNTP, 1,25 mkn AmpliTaq (5 en/mxn) (Applied
Biosystems)1, 0,5 MmxM kaxmoro mpaiimepa u 1 mkn Boienennoi JIHK. Tlapamerpsr numkma TTLIP:
neHatypanus npu temmeparype 94°C B reuenue 2 muH; 30 nmukioB npu temmnepaTrype 94°C B TeueHue
1 muH, npu Temneparype 54°C B Teuenne 1 MuH u npu temneparype 72°C B TedeHne 1 MUH. U Tan
asIoHTranuy npu temmeparype 72°C B reuenne 10 MuH.

Pecrpukmus  [II[P-ammumkona  nemaercss  crmepyonM — obpazoMm. PecTpukumoHHas — cMech
(KoHIIEHTpanusl Ha OHY peakiuio oovemoMm 20 Mki): 7,3 Mk1 MGW, 2,0 MKI pecTpUKIIMOHHOTO
Oy(epa (Promega)?, 0,2 MKJI GBIYBETO CHIBOPOTOYHOTO anbOymuna (10 Mxr/MKir), 0,5 MKII PECTPHKTA3bI
(yin6o Taql, m6o Scal mpu 10 en/mxn (Promega))2 u 10,0 Mk unctoro pactsopa JJHK-amruinkona,
MOJY4E€HHOI0 corylacHo onucanuto Beime (> 50 ur/mkn JHK). Oty cMech nHKYyOHpYIOT B TeueHue 3 4
npu Temnepatype 37°C, peakuHOHHYIO CMECh OCTOPOXKHO TIEPEMENINBAIOT METOJAOM HHBEPCHUH B
nporecce HMHKyOanuu. PecTpUKIMOHHBIE TPOAYKTHI XpaHarT mpu Temmeparype 4°C  mepen
Busyanuzauueil Ha rene. Ilpu HeoOxomumocTn 10 MKJI PEakIMOHHOTO MPOIYKTa 3arpy’aercsi C
MOIXOJSIINM MapKepoM U IIPOToHsieTcs Ha 2%-M ree.

Ananu3z nonoxurteneH s 1. indica, ecau aMIumMQpUIUPOBAHHBIE HCHBITATEIbHBIE 00pa3lbl C
COKpalIeHusIMA pecTpukTazoil Taql maror mare mpomykToB (mpoucxonsmux Ha 60, 70, 110, 170 u
260 1.0.) u Her cokpamenuii Scal. ITomoxurenbHslii pesynbrar miss T. walkeri momygaercsi, eciau B

! Mcnionb30BaHue B 3TOM JMArHOCTHYECKOM MPOTOKOJIE MPOAyKToB Openja Applied Biosystems He Tpebyer ux
YTBEp KICHHUS M HE UCKIIIOYAET IPUMEHEHHS APYTHX MPOAYKTOB, KOTOPBIE TAKXKE MOTYT OBITH IMOIXOAAIINMHA. JTa
nHQOpPMALUS TPUBOIUTCS A yHoOCTBa TIONB30BaTeNeil 3TOTO0 MPOTOKOJIA W HE NPEACTaBiIsIeT CcoOoM
yrBepxkaeHne KOM Ha3zBaHHBIX BEIIECTB, PEarcHTOB W/HWiIM 000pYHOBaHMs. DKBUBAJICHTHBIC MPOIYKTHl MOTYT
UCIIOJIb30BAThCS, €CIIU OYAET I0Ka3aHO, YTO OHHU JIAIOT TaKOM XkKe pe3ybTarT.

2 Mcrionb30BaHUE B 9TOM JMATHOCTHYECKOM POTOKOJIE IIPOAYKTOB Openia Promega He TpebyeT UX yTBEps K IeH s
1 HE UCKIII0YAeT MPIMEHEHHS APYTUX MPOIYKTOB, KOTOPHIE TAK)KE MOTYT OBITH MOIXOAAIINMHA. DTa HH(YOpMAITHS
MIPUBOIUTCS sl yaoOCTBa TMOJIL30BATENeH dTOTO MPOTOKOJIA W HE TpeAcTaBiiseT coboil yrBepxkaeHne KOM
Ha3BaHHBIX BEIIECTB, PEATCHTOB W/WIN 000pyIOBaHMA. DKBUBAICHTHBIC MPOAYKTHI MOTYT HCIIOJBE30BAThCS, €CIIU
Oyzer J0Ka3aHO, YTO OHHU JAIOT TaKOH JKe pe3ybTar.

Ctp. 123 28 MexayHapoAHas KOHBEHLMA NO KapaHTUHY M 3aliuTe pacTeHUn



[dnarHoctnyeckune NpoToKoOnbl AN perynupyemMbiX BpeaHbIX OpraHn3mMoB 0r 4:2014

amumuIrpyemMbele aHaIM3UpyeMble 00pasiel mobaBineHa pectpukrasa Taql mms Toro, dToObI
MOJYYHUTh T€ K€ MATh PparMeHTOB, Kak U y T.indica, HO mpu J00aBICHUH B aMILTH(DUITUPYEMBIX
MPOAYKTHl pecTpukTa3del Scal momywaror aBa ¢parmenta: npu 140 mo. m 520 mo. Ecam
aMIu(pUIPOBaHHBIE POILYKTHI TOXy4YeHb! U3 1. horrida, Taql mpousBomuT uetsipe ¢pparmenta JJHK
(60, 110, 150 u 335 mo.), a Scal nHe mpousBoguT cokpamienuii. JIpyrue Bumasl Tilletia Beimator
pa3IMYHbIC PECTPUKIIMOHHBIC CXEMBI C 3TUMH U Apyrumu ¢pepmentamu (Pimentel et al., 1998).

4.3.2 O6brunslii IIIP-ananu3 ¢ ucnoab3oBaHueM BujaocnenupuIHbIX NpaiMepos

Dror ananu3 6611 pazpadoran @peneprrom u ap. (Frederick et al., 2000) mpu ucnonszosannu MTJIHK?,
MPOM3BO/ISIIEH aMIUTHKOH U3 414 1m.0. OJUrOHYKICOTH IBI, HCTIONB3yeMbIe s T. indica:

Ipsimoii npatimep Tin 3 (5'-CAA TGT TGG CGT GGC GC-37)
O6parwsrii paiimep Tin 4 (5'-CAA CTC CAG TGA TGG CTC CG-3').

JHK Beimensiror w3 wMumenus. OJTo JAenaeTcs myTeM wusMmenbueHus 0,5-1,0 © wwumenus B
MUKpoLeHTpu(yXHOI Tpodbupke oobeMoM 1,5 mit ¢ 75 MK mu3upyromero Oydepa u Mmocleayomero
HN3MECJIbYCHUSA CTCPUIIbHBIM IMECTUKOM, NPUKPCIUVICHHBIM K JPCIIN. I[O BbIJICJICHUA I[HK cricaJIbHbIM
HabopoMm s BeiaeneHus JJHK rpuGor nomomHuTensHO 100aBISIOT 75 MK M3upyoinero oydepa.
Ounctka JIHK sHe TpeOyercs. Brinenennyto JIHK M0XHO HCIIONB30BaTh HEMEAIECHHO, XPAHUTH TPH
temrneparype 4°C B TeueHwe HOUM Wiu npu Temmepatype -20 °C B TeueHue Ooyee IUTEIHHOTO
nepuoa BpeMeHH.

[P nmns sTOrO aHaNM3a MCIONB3YeT CIEAYIONINA MacTep-MHUKC (KOHIIEHTpamnus Ha OIHY PEaKIHIo
obbsemom 25 mxn): 1x I[TLP-6ydepa (comepxkamero 10 MM Tpuc-HCI, 50 MM KCI (pH 8,3), 1,5 MM
MgCl; u 0,001% (Bec / 06bem) xenatuna), IATD, nl TO, AlITD u ATTO, KaxabIil B KOHIIEHTPAIIUH
0,1 MmxM; kaxxapiit mpaiimep B koHteHTparuu 0,1 mxM; 0,5 en JIHK momumepassr AmpliTaq; u 1,0 Mk
Beiienennoi JIHK, momydenHoil, kKak OmiucaHo BBIIIIE.

ITapamerps! nukna IIHP: lenatypanus npu temnepatype 94°C B teuenue 1 mMuH; 25 HMKIOB NpU
temneparype 94 °C B teuenue 15 ¢, mpu temnepatype 65 °C B Teuenue 15 ¢ u npu remmeparype 72°C
B TeUeHHE 15 c¢; a Taroke 3Tam 3IoHranuu npyu reMmneparype 72°C B TeueHue 6 MUH.

[Ipu HeobxommmocTr 10 MK peakMOHHOTO MPOIYKTA 3arpy’KaeTcs C MOIXOJSAIIUM MapKepoM U
MporoHsieTcst Ha 2%-M arapo3HOM Tele.

[Tpu ananuze T. walkeri, Tin 3 npaiimep 3amemaercs 0,1 mxn npsimoro npaiimepa Tin 11 (5-TAATGT
TGG CGT GGC AT-3') (25 MkM). D10 IpUBOANT K aMILTUKOHY 414 11.0..

TTonoXUTeNbHBIC PEAKIUH MPOU3BOJAT CAMHUYHBIA aMmIuiikoH u3 414 m.o., kak gusa T.indica
(npaiimepsr Tin 3/Tin 4), Tak u mna 7. walkeri (npaiimepst Tin 11/Tin 4). Ecnu mnpaiimepst,
cnenupuunsie st T. walkeri n T.indica, He NPUBOIAT K MOJOXWTENLHBIM pe3yibTaTaM Ha
aHaJTM3UPyeMBIX oOpas3iiax (HO oOpasmbl MOJOKHTETHLHOTO KOHTpods JIHK monoXuTenbHbI), TO
HaBecKH oOpasiia mpuHaiexar k apyromy Buay Tilletia, nanpumep, x 7. horrida. PecTpuKIMOHHBIN
aHaJu3 MOXKET CI0COOCTBOBAaTh JalbHEUIICH HIACHTU(UKALIMK BHUIOB STHX OOpas3lOB B ciydae
HeoOxoxumoctH (11. 4.3.1).

3 Mdeppeiipa U ero Koulery NpPeACTaBMIM B TeHeTudeckuii 6ank GenBank perucrpannonnsie Homepa AF218058,
AF218059 u AF218060. DTu MHUTOXOHApPUANbHBIE IOCIEIOBATEILHOCTA JEIAT HU3KYI0 TOMOJIOTHIO C
MHUTOXOHIpHANBHON mocienoBarensHocThio JJHK T. indica ¢ unsenrapusiM Homepom DQ993184: Pesynbrarh
BLAST noxkassiBatoT Toibko npuOmusutensHo 30% romonoruu. bazoBas kommosumust noiu AT B
mutoxonapuanbaoit JJHK Beime, uem gomu GC, kotopas o0sraH0 coctaniser 30-40% (Kurtzman, 1985), oqHako,
ot AT B Tpex nocnenoBarensHocTsiX B GenBank, npeacrasnennsix deppeiipa 1 ero KoieraMu, COCTaBiIseT
43,5%, 1o ectb Hmxe, yeM noust GC (56,55%). (C) Ipaiimepst TIN3/Tind ne moryt mutoxoHapuansuyto JJHK
JUISL TOTO, YTOOBI IIPOU3BECTH JKEJIAEMbIH aMILIMKOH, KOT/1a IpaiiMephl MOJTYYeHbI U3 BBIICJICHHOW U OYHIIEHHOM
muroxonapuanbaoi JHK T. indica; moatomy Tpu npeacTaBieHHbIE MOCAESI0BATEIBHOCTH OTHOCATCS K TCHOMHOM
JHK.
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Kpowme Toro, oTcyrcTBre amrmmudukanuy MoxeT O0bITh Bbi3BaHo JJHK HU3KOTO KadecTBa. ITO MOKHO
MIPOBEPUTH IyTEM TECTUPOBAHUSA SKCTPAKTOB YHUBEpcanbHbIX npaiimepoB (ITS1 u ITS4), onucannsix
B pasmene 4.3.1. Ecimm oOpasubr cogepxkar JIHK xopomrero kadectBa u, cCleIoBaTelbHO,
aHanM3upyembie oOpasiibl oTHOCsTes He K T. indica wim T. walkeri, a k apyromy Buay Tilletia, Toraa
TOJIBKO 0JjHa Tosoca (mpubnusuTensHo 670 m.0.) Oyaet npousBoanuThes ipu padore [1L[P-aMrinkoHOB
Ha arapo3HoM rene. Ecnu ammindukanus Tak u He MPOMCXOIMT, clenyeT BoiaenuTs HoByto JJHK u
MIOBTOPHO IPOBECTH aHAJIU3.

4.3.3 IIIP-anaau3 ¢ Hcnoib30BaHNeM BUAOCHenupUuIeCKUX NpaiMepoB U
(pJ1yopecueHTHOr 0 30H1a

Oror aHanu3 Obur paspaboran ®dpemepukom u ap. (Frederick etal., 2000) mpu wucmoms3oBaHuH
renomHoit [IHK, nmpowusBopsimield aMmiukoH u3 212 m.o.. ONMroHyKJI€OTHABI, UCHOJb3YEMBbIE IS
T. indica:

ITpsamoii npaiimep Tin 3 (5'-CAA TGT TGG CGT GGC GC-3")
O6parnsiii npaiimep Tin 10 (5'-AGCTCCGCCTCAAGTTCCTC-3")

RT 3oma: TagMan® 3onx (10 mxM) (Applied Biosystemsl): 5'-(FAM label)-ATT CCC GGC
TTC GGC GTC ACT-(TAMRA quencher)-3'.

JHK BBIIEHSIOT M3 TKAHU MULICTHUS, KaK OMUCaHo B pasnaene 4.3.2.

[P nmns sTOro aHamM3a MCIONB3YeT CIEAYIONINI MacTep-MHUKC (KOHIIGHTpalus Ha OJHY PEaKIHio
obwvemomM 25 Mkn): 1xTagMan® yauBepcanbHbIN Mactep-Mukc, 0,4 MkM mpaiimepos 6o Tin3/Tinl0,
60 Tinl1/Tin10 u 4 MmxM 30Haa, 12,5 ur renomuoit JIHK mis 06oux aHanu3oB, cienuGUIHBIX JJIs
T.indica u T.walker, (monyuenHol, kak onucano B paszuene 4.3.2). ITapamerpst nukia ITHP: npu
temneparype 50°C B TedyeHue 2 MuH, npu temneparype 95°C B teuenne 10 MuH m 34 OUKIOB Npu
temneparype 95°C B Tedenue 15 ¢ u npu temneparype 60°C B Tedenne 1 MuH.

CJ'IC,I[yeT HCIOJIB30BATh ONITUYCCKUC PCAKITNOHHBIC HpO6I/IpKI/I U KPBIIKW JJI5I KOHTPOJIA aMHJ'II/I(l)I/IKaI_[I/II/I
B p€aJIbHOM BPpEMCHHU.

[Tpu anammze 7. walkeri, Tin 3 3amensttor 1,0 Mk npsimoro mipaiimepa Tin 11 (5-TAA TGT TGG CGT
GGC AT-3") (25 MkM), KOTOpPBIIi IPOU3BOANUT aMIUIMKOH 13 212 11.0.

T. indica mpousBoaut amruudukanuio ¢ npaiimepamu Tin 3/Tin 10, a T. walkeri ¢ npaiimepamu Tin
11/Tin 10. Ecnu HU oguH 13 HAOOpOB MpaiiMepoB HE MPOU3BOIUT aMILTH(PHUKAIINIO, HO KOHTPOJIbHEIE
00pas3iibl pearupyroT COriTacHO OXKUIAHUSIM, TO BhIeIeHHas 13 oOpa3sia JJHK npuHauiekuT K [pyromy
Buny Tilletia, nanpumep, x 7. horrida. Ilpu ananuse Ha T. indica ecnu moporoserii ki (Ct) odpasia
6onpmie 33, 3TOT pe3yiabTaT O3HAYAET OTPHIATENBHYIO peakmmio aias T.indica, m oueHb BepOSITHO,
obpaserr otHocuTes K apyromy Buay Tilletia. Kpome toro, mpu anamuse va 7. walkeri, ecnn Ct 6ombime
33, 3TOT pe3yNbTaT O3HaYaeT OTPHLATENbHYIO peakuuto s 1. walkeri, n oueHb BeposTHO, 0Opasen
oTHocHTCs K Apyromy Buay Tilletia. PecTprkinoOHHbIH aHAIN3 MOXKET CIOCOOCTBOBATH JAlIbHEHIIICH
UIeHTU(GUKAIINY BUIOB OTUX 00pa3IoB B ciiydae Heobxoaumoctu (1. 4.3.1).

OtcytcrBue aMIuMpuKanyy MoxeT ObITh BbizBaHo JJHK Hu3koro xadectBa. 3TO MOXKHO NMPOBEPUTH
MyTEeM TECTHPOBAHMUS SKCTPAKTOB yHHBepcanbHbIX mpaiimepoB (ITS1 u ITS4), onucannueix B pazmene
4.3.1. Eciu o6pasimt copepxkat JJHK xopoiero kauecTsa u, Clie10BaTeIbHO, aHAIU3UPYEMbIe 00pa3Ilbl
otHocsitest He k T.indica wiu T.walkeri, a k apyromy Bumy Tilletia, Torga toneko omHa mosoca
(mpubnmurensHo 670 1.0.) Oyaer npou3BoAuThCs 1pH padote [TIP-aMImiKoHOB Ha arapo3HOM ree.
Ecnu amruin¢ukanys Tak 1 He IPOUCXOIUT, clieayeT BeiaenuTh HoByro JJHK u moBropHO mposectu
aHam3.

[penenbl 9yBCTBUTENBHOCTH aHAIKM30B Kak T. indica, Tak u T. walkeri Opun onpezeneHsl Ha ypoBHE
5 nr o6rmrert IHK. DTa koHIIEHTpalnsa IPOU3BOAKIa BhIsIBIsieMble ypoBHH (uryopecueniinu (Frederick
etal., 2000). BumoBas crerupUIHOCT, aHANU30B Oblla TpoTecTHpoBaHa B orHommenun J{HK,
BeigenienHoit u3 T. barclayana, Tilletia tritici, Tilletia laevis, Tilletia controversa u Tilletia fusca. Hu

CTp. 14 n3 28 MexayHapoaHas KOHBEHLUMSI MO KapaHTUHY U 3alyuTe pacTeHUi



[dnarHoctnyeckune NpoToKoOnbl AN perynupyemMbiX BpeaHbIX OpraHn3mMoB 0r 4:2014

OIH W3 3THX M30JIATOB He ObLI amiummduiuposan cnennduunsiMu mus 1. indica mwmm T. walkeri
metonamu (Frederick et al., 2000).

4.3.4 Ilpsimas I11IP B pealbHOM BpeMeHH HA TeJIHOCIOPax

Drot aHamu3 6611 pa3paboTan Tanom u ap. (Tan et al., 2009) ms ncnonp3oBanms odaactu ITS, koTopas
BO3HUKAET MEXY sAepHOU Maioi u Oonpinoi cyosenuaunamu pIHK. beiio ycraHOBIEHO, 4TO BHABI
Tilletia umeroT nBe BapuabenbHbie obaactu (ITS1 u ITS2), pa3aencHHbIe COXPAHEHHBIM TeHOM 5,8S
pPHK (Levy etal., 2001; Tan and Murray, 2006). [IpoTokon mpeaHa3Ha4YeH ISl MEPBOHAYAIBHOM
ammumudukannu JTHK, ciemmudranoii ms Tilletia, n manpreiimero ucnons3osanus 1P B peaasHOM
BPEMEHH U ()ITyOpECIIeHTHBIX 30H10B st uneHtudukamu uaoB Tilletia. ITS1 odnacts B p/IHK Obuta
UCIIONIb30BaHa B JaHHOM HCCJICIOBAaHWUHM [Jsl TPOCKTUPOBAHUS MYJIBTHIUIEKCHOTO aHAllN3a;
msitudparmentapubiii Giayopectentsiii [TIP-anann3 s uaentndukanun Onuskux Buaos Tilletia,
BEISIBIICHHBIX B 3€pHE.

ANMKBOTY peaknimoHHOH cMecu no0aBisioT B [TI[P-ipobupky (u3 pazaena 4.2.3) u, UCHOAB3YS TOT Ke
KOHEI[ IMUTIETKH, CTEKJISIHHBIN "COHIBUY" M3MENbYar0T Ha KYCKH, YTOOBI OCBOOOIUTH MaTepUasl CIOp.
Baxno ciaenuts 3a TeM, uTo0b! [IL[P-mpobupka He moBpeauaachk BO BpeMs APOOIICHHS.

4.3.4.1 Amnaudukanusa JHK Tilletia no npoBenenus I[P B peasibHOM BpeMeHH

Ammndpukanus cnennduyeckoir mst Tilletia JIHK pasnuunbix Bumos Tilletia BeimonmsieTes ¢
ucnonp3zoBanueM npaitmepos MK56 (5°-GTA GGT GAA CCT GCG GAA GGA TCA TT-3') (Tan
etal., 1996) u Tilletia-R (5’-CAA GAG ATC CGT TGT CAA AAG TTG-3") (Tan and Murray, 2006).
Kaxxayto I1LP mpoBoast B 20 Mk (ogHa peakmwst), conepxkantux 1,5 MM MgCl,, 200 MM kaxxporo u3
yeThlpex Ae30KCUHYKIeoTUI0B JAT®, nTT®, nlT® u al' TO, 0,5 MmxM kaxxaoi napsl npaiiMepoB U
0,5 exunnn Taq JHK-nonmumepas (Invitrogen®) B 1 x 6ydeprom pactsope (50 MM Tris (pH 9,0), 20
MM NacCl, 1% Triton X-100 u 0,1% >xenatuHa).

TeMmrepaTypHbie TTapaMeTpsl ITUKJIA: HAYATBHBIA MUK Ipu Temmeparype 95°C B TedeHue 3 MuH;
20 nukioB npu temmnepatype 94°C B teuenue 20 c, npu Temnepatype 63°C B Teuenue 30 cex u npu
temneparype 72°C B Teuenue 30 ¢, Ipy CHIKEHUM TeMIlepaTypbl oTkura Ha 1°C 3a MKIJI B TeUEHHE
5 nukioB 10 Temnepatypbl 59°C u, HakoHell, MHKyOanus B Tederune 10 MuH 1 1 MUH ITpu TeMIepaType
72°C u 4°C, cOOTBETCTBEHHO.

IIpoayKThl pecTpUKIIMKM MOKHO XpaHUTH Ipu Temnepatype 4 °C. Ilpu Buzyanuzanuu Ha rejie, 10 Mxn
MPOAYKTA PEaKIUH 3arpy>kKaeTcs ¢ MOIXOASIINM MapKepoM U TPOroHsieTca Ha 2%-M arapo3HoM rele.
OxngaeMslii pasmep pparmenta coctasisieT 260 m.o. Tem He MeHee, 3TOT (pparMeHT He OyAeT BUJEH,
ecym [T1[P BeIMONHsIETCS HA OHOM TeNMOCHOpe, TaK Kak OyzaeT HegocTarouHo Marepuana JJHK.

4.3.4.2 lIaTudpparmentapublii payopecuentHbiii IIIP-anann3 B peanbHOM BpeMeHH
IJIsA I/IlIeHTl/l(l)l/lKaIIl/ll/l BH/10B

Amnanussl [P B peaqpHOM BpeMeHH C ABYCTOPOHHE TOMEYEHHBIMHU 30HIaMH U OJTUTOHYKJICOTUAHBIMU
npaiimepamu (Tadn. 3) B 20 MK peakiuu B MHUKPOIEHTPUQYKHBIX Mpodupkax odvemom 0,1 i
BBINOJIHSIOTCS B HHCTpyMeHTe Rotor-Gene 6000 (Qiagen®). IlatudparmenrapHas peakMOHHAs CMECh

4 Hcnonb3oBaHWE B 3TOM JMArHOCTMYECKOM MPOTOKOJE MNPOAYKTOB OpeHaa Invitrogen He TpeOyeT wnx
YTBEPIK/ICHHS U HE NCKITI0YAET IPUMEHEHHSI IPYTUX MPOAYKTOB, KOTOPHIE TAKXKE MOTYT OBITH MOAXOAAIINMH. JTa
nHopManus TNPHUBOIUTCS JUIA yJoOCTBa IOJb30BaTelIeld 3TOr0 NPOTOKOJAa M HE MpEACTaBIsieT COOOM
yrBepxkaeane KOM Ha3BaHHBIX BEUIECTB, PEareHTOB W/WIIM O0OPYIOBaHU. DKBUBAJCHTHBIE MPOIYKTH MOTYT
HCIIONB30BAThCS, €CITN OyIeT TOKa3aHo, YTO OHH JAIOT TaKOH e pe3ysIbTar.

% Ucnonb3oBanue B 3TOM JIMarHOCTHYECKOM MPOTOKOJIE TPOLYKTOB OGpenaa Qiagen He TpeOyeT UX yTBEPHKIACHHUS
Y HE UCKJII0YaeT IPUMEHEHUS JPYrUX NPOIYKTOB, KOTOPBIE TAK)KE MOT'YT OBITh HOAXOASAIIMMU. DTa HH(POPMALHS
NPUBOAMTCS ISl yIOOCTBA IOJIb30BATEICH 3TOr0 MPOTOKOJA W HE INpEACTaBisieT co0oil yrBepxiaenne KOM
Ha3BaHHBIX BEILIECTB, PEAreHTOB 1/WIIM 000pyJOBaHMs. DKBUBAJICHTHBIE MPOAYKTHI MOTYT MCIIOJIb30BATHCS, €CIIH
OyzeT noka3aHo, 4TO OHM JIAl0T TAaKOW )K€ pe3yJIbTar.
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cocrour m3 1xImmoBuffer (Bioline®, 5 MM MgCI2, 200 MKM Ka)moro M3 4YeThIpeX
nezokcuHykieotuioB TAT®, aTT®, allT® u al' T, 1 eguanna Immolase™ JIHK-mommnmepasst
(Bioline6) u 0,2 MmxM, 0,4 MkM u 0,9 MKM Ka)XJ0r0 U3 IBYCTOPOHHE TTOMEYCHHBIX 30HJIOB, YSTHIPEX
NPSMBIX IPaMEPOB H YEThIpeX OOpaTHBIX MpaiiMepoB, cooTBeTCTBeHHO (Tabm. 3). JHK-matpuna — 1
MKt ipoaykra [P, moiyuennoro mpu I[IP-ammummdukanun JJHK, cnienndwuanoii mis Tilletia (paszaen
4.3.4.1).

TemnepaTypHble MapaMeTpsl IUKIIA: HAYadbHBIA TUKI mpu temreparype 95 °C B teuenne 10 muH,
3areM 40 nukioB npu temmneparype 94 °C B teuenue 15 ¢ u npu temnepatype 65 °C B Teuenue 60 c,
MIpU CHIDKEHUU Temmeparypsl orxkura 1 © C B Tedenue 6 muxioB g0 temmepatypsl 60 °C. Ilapamerp
HOPMAJIM3AIINH JIAMIT B TUHAMUYECKOM PEXKHUME HCTIOTB3YETCS ISl OTIPE/ICIICHUS CPETHETO OKPYIKESHUS
JUIST  KaXAOTO OTAENhHOro o0pasma g0 Havdana aMiDiudukanun. JaHHele (uIyopecueHInn
PETUCTPUPYIOTCS T10 IISITU KaHAJIAM: 3€JIEHOMY, KEITOMY, OPAH)KEBOMY, KDACHOMY U MaJIUHOBOMY.

UyBCTBUTENBHOCTh aHalM3a A8 OJUMHOYHBIX crop cocTaBisia 10-40% (T.e. M3 H3BECTHBIX
HOJIOKUTENBHBIX criop T. indica toabko 10-40% nanu nonokutensHbie pe3yabraThl B xoze [11P) (Tan
and Wright, 2009). OTa 9yBCTBUTENBHOCTh BO3HHUKAET U3 Psiia IPUYHH, BKIIOYast TOT (pakT, 4To BCe
Cropsl W siipa ¢ TojoBHed T.indica moaBepraiuch aBTOKIABUPOBAHHIO TBAXKJIBI, YTO, BO3MOXHO,
MPUBENIO K MOBPEKICHUIO TeHEeTHYeckoro marepuana. Crermduyanocts 3ouaa asa 1. indica 6puta
uccinenosana B cMecu JIHK T. indica:T. walkeri wuin T. ehrhartae unu T. caries, B coornomenusx 1:0,1
nr u 0,1:1 nr (COOTBETCTBYIONIHNI TUANa30H KOHIICHTPAINY yKa3aH UCXO/IS U3 aHAIIN3a OJTHOU CITOPHI).
CrneunduyHOCTh MpaiiMepoB ObLIa MPOBEPEHa, M OBUIO BBISBICHO, YTO OHH HE BCTYMAIOT B PEAKIIUIO C
npyrumu Bugamu Tilletia.

CraHmapTHbiC KPUBbBIC [UIS KaKIOTO BBISBICHUS KaXIOTO BHIA CJIEAyeT T'€HEPUPOBaTh COTIIACHO
omucanuto Tana u ap. (Tan etal., 2009), ucrnons3ys usBecthbie konuenrparmu JTHK Tilletia spp.
[Monyuennoe 3nauenne Ct (3HaYeHHE MHUKIA, TA€ KPHBas aMILTH(DUKAIMK TEPeceKaeT MOPOrOBYIO
JIMHUIO) MCTIONB3YETCs ISl OPEICIICH s opora Juis 3Toro aHanusupyemoro Buzaa Tilletia. B memom,
sHayenne Ct, Oojee BBICOKOE, YEeM OMNpEICIEHHOE Ha 3TOM JTale, pPAacCMAaTPHBACTCS Kak
OTpPHLIATENILHBIN PE3yJIbTaT.

® Vcnionb30Banue B 3TOM JMAarHOCTHYECKOM IPOTOKOJIE TPOYKTOB Opensa Bioline He TpebyeT ux yTBEpKIEHHs
Y HE UCKJII0YaeT IPUMEHEHUS JPYrUX NPOIYKTOB, KOTOPBIE TAK)KE MOT'YT OBITh HOAXOASAIIMMU. DTa HH(POPMALHS
NPUBOAMTCS ISl yIOOCTBA I0JIb30BaTEICH 3TOr0 IPOTOKOJA M HE MpeICTaBiisieT co0oil yreepxkiaenne KOM
Ha3BaHHBIX BEILIECTB, PEAreHTOB 1/WIN 000py10BaHHs. DKBUBAJICHTHBIC IIPOAYKTHI MOTYT HCIOJIB30BAThCS, €CIIH
OyzeT noka3aHo, 4TO OHM JIAl0T TAaKOW )K€ pe3yJIbTar.
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Ta6bnuua 3. NocnegoBaTenbLHOCT U MOAUMMKaLMK NpaiMepoB 1 30HO0B, UCNOMb3YEeMbIX B NATU(PArMeHTapHOM
dnyopecueHTHOM guarHoctudeckoM aHanuae MUP T. indica n gpyrux 6nuskmx Buaos Tilletia spp.

Mapbi npanmepoB 30HAbI Kanan Uenb
(nocnepoBaTtenbHOCTbL 5'-3 ') (MoandmKaLmm 5, 3')
KB-DL-For: ACGGAAGGAACGAGGC (nt. 105— 3eneHbl  T.indica
CTTCGGAAGAGTCTCCTT (nt. 120) 7
64-81°%) (6-FAM, BHQ1)
KB-DL- Rev:
CCGGACAGGTACTCAG (nt. 127—- . )
142) ACE)GGAAGGAACAAGGC (nt. 67— Kenton  T. walkeri

82b)

(JOE, BHQ1)
Hor-DL-For: CAACCCAGACTACGGAGGGTGA Oparnxe T. horrida
GGCCAATCTTCTCTACTATC (nt. (nt. 60-81) BbIV (HEKOTOPbIE LUTaMMbI
40-59°) (CAL Fluor Red 610, BHQ2) HE BbISIBMEHbI)
Hor-DL-Rev:
CCGGACAGGATCACTA (nt. 87—
102)
Tri-DL-For: AGAGGTCGGCTCTAATCCCATC  KpacHbii  LLnpokun cnektp*
ATTGCCGTACTTCTCTTC (nt. 56— A (nt. 75-97)
739 (Quasar 670, BHQ2)
Tri-DL-Rev:
GTAGTCTTGTGTTTGGATAATAG
(nt. 99-112)
Ehr-DL-For: CAGAGTCATTGGTTCTTCGGAG  ManuHo  T. ehrhartae
CGCATTCTTATGCTTCTTG (nt. C (nt. 104-126) BbIV

72-90°)

(Quasar 705, BHQ2)

Ehr-DL-Rev:
GTTAGGAACCAAAGCCATC (nt.
128-146)

MpumeyaHus: PerctpauyoHHble Homepa reHeTudeckoro 6aHka: 2AF398434, "AF310180, ‘AF310171, “AF398447 n AY770433.
Mcnonb3yembiin nepeyveHb CNpaBoYHbIX MaTepUarnoB U MECTO NMPOUCXOXAEHNS NpuBeaeHbl B paboTe TaHa u ap. (Tan et al.,
2009), maTtepuan xpaHutcs B Elizabeth Macarthur Agricultural Institute (EMAI), NSW Dept. of Primary Industries in Australia
(c™m. pasgen 6, KOHTaKTHble ULa. HT., HyKNeoTuA.

*BkntovaeT T. caries, T. laevis, T. controversa, T. fusca, T. bromi, T. goloskokovii.

5. Januble

[lepeuyens nadopmanmu, KoTopast JOKHA OBITH 3alMcaHa M COXpaHEeHa, IpUBeNeHa B pasaene 2.5 B
MC®M 27:2006.

OT4er O AMArHOCTUKE JODKEH BKIIOYATH YHCIIO IMOJIOKUTEIFHBIX HAaBECKaX W IMPUOIU3UTEIEHOE
KOJIMYECTBO TECJIMOCIIOP, BBIABJICHHBIX B Ka)K)IOﬁ MOJIOKUTENEHON HaBecke. Ecim KYJIBTYPbI ObLIN
TIOJTYYEHBI JUISI MOJIEKYJISIPHOTO aHAJIN3a, CIIEAYET OMHCaTh MOP(OIIOTHIO KOJIOHU, 0COOCHHO KaKyIO-
mM00 MHUTMEHTAIMIO, a TaKXe TEMIBl pOCTa B 3a/IaHHBIX YCIOBUSX. KyImbTyphl ClieyeT XpaHUTh
(Munenuii 13 OyJNBOHOB WM MUIICITUAIBHBIA NMPOOKM W3 4YalleK C arapoM MOXHO XpaHWTh B
3amopokeHHOM Buie Tipu -80 °C).

6. KoHTakTHbIe agpeca ISl AONOJTHUTEIbHOH HHpOpMaLUH

JloTOTHUTENbHY O HH(POPMALIHIO [0 3TOMY OPraHU3Me MOT'YT OBITh ITOJIYYEHBI B:
Department of Agriculture and Food, Government of Western Australia, South Perth, WA 6151,

Australia (Ms Dominie Wright; e-mail: dominie.wright@agric.wa.gov.au; tel: +61 8 9368 3875;
fax: + 61 8 474 2658).
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Elizabeth Macarthur Agricultural Institute (EMAI), New South Wales Department of Primary
Industries, Camden, NSW 2570, Australia (Dr  Mui-Keng; email:  mui-
keng.tan@idpi.nsw.gov.au).

Laboratory of Plant Inspection and Quarantine, Shenzhen Entry-Exit Inspection and Quarantine Bureau,
Shenzhen, 518045 Guangdong Province, China (Dr Guiming Zhang; email:
zgm2001cn@yahoo.com.cn; tel: +86 755 8211 1148; fax: +86 755 2558 8630).

United States Department of Agriculture (USDA) Agricultural Research Service (ARS), North Atlantic
Area (NAA), Fort Detrick, MD 21702, USA (Mr Gary Peterson; email:
gary.peterson@ars.usda.gov).

USDA Animal and Plant Health Inspection Service (APHIS), Riverdale, MD, USA (Dr Mary Palm;
email: Mary.E.Palm@aphis.usda.gov).

USDA APHIS, Beltsville, MD, USA (Dr John McKemy; email: John.M.McKemy@aphis.usda.gov)

Food and Environment Research Agency, York YO41 1LZ, United Kingdom (Dr Kelvin Hughes; email:
Kelvin.Hughes@fera.gsi.gov.uk).

3ampoc Ha MEPecMOTpP IUArHOCTHYECKOTO IMPOTOKOJIA MOXKET OBITh HampaBlieH HalWOHATBHBIMU
opraHuzalMsIMu 1Mo KapaHTuHy u 3amute pacteHuit (HOK3P), pernoHanbHbeIME OpraHH3alUs MU TI0
kapantuHy U 3ammre pacteHnit (POK3P) wmnm BcmomorarenbHbIME opraHamu Kommccnn 1o
¢urocanutapasiM Mepam (KDOM) uepe3 Cekperapuar MKK3P (ippc@fao.0rg), KoTopslii, B CBOIO
ouepesb, HANpaBUT €ro B TEXHUYECKYIO TPYIIy 3KCIEPTOB 1O pa3paboTKe IUarHOCTHYECKUX
npotokoios (TTIIT).
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9.  Pucynku

PlllcyHOK 1: 3apa)KeHHbIl7I KOSOC MLIEHNLbI C CUMATOMaMM KapHanbCKOW rOSIOBHM.

®omoepacpusi nobesHo npedocmasneHa [enapmamMeHmMoM CeslbCKo20 xo3slcmea u nuwesol npodyKyuu,
lNpasumernscmeo 3anadHol Aecmparnuu.

PucyHok 2: 3apaxeHHble 3epHa MweHULbl C CUMITOMaMM KapHarnbCKOW rOfIOBHM.

®omoepachusi nobesHo npedocmasneHa [enapmamMeHmoM CenbCKo20 Xxo3slcmea u nuujesol npooyKyuu,
lNMpasumenbcmeo 3anadHol Aecmparnuu.
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lMepBoHayvankeHbI 0bpasel, - 1 kr cemsH unu 3epHa (Triticum aestivum,
Triticum durum and Triticum aestivum x Secale cereale). O6paseL, nposepeH
Ha agpa c ronosHew (pasgen 3.1)

Het* |
3epHa C fa
rorioBHew
Mopdonornyeckas
TecT-npomMbiBaHne Ans 6yropkoBMaHbIX “AeHTUMKaLmus Tenmocnop
Tenvocriop Tilletia Ha HaBeckax (paspen 4.1)
o6bvemom 50 rp (pasgen 3.2)

1

O6paseu cumTtaeTtcs
NMONOXUTENbHBIM UIN
oTpuuaTernbHbIM B

Het

BbisiBnEeHbI

npegnonar
O6pasew cumTaeTtcs aemble SZ;oBu;g:::
oTpuUaTenbHbIM B Tenuocnop Bre
bl T. indica

OTHOLLUEHUN
BbisBNeHus T. indica

Ynucno
BbISIBITIEHHbIX
Tenvocnop

MoBTOpHBIV OTGOP
obpasLoB nyTem
NOAroTOBKWN HOBbIX HABECOK
13 nepBoHayansHoro 1 kr
(pasgen 3.2) n Havano
TecTa-npoMbIBaHNS
(paznen 3.2)

210
Mepengute k A) u ganee nu6o
B)
B) unun C), ecnin TpebyeTca
nanbHellwee noaTeepXxaeHe

MpoeHTudpukaums sugos
Ha ocHoBe Mopdonornm
Tenvocnop (pasgen 4.1)

BblgenuTe n npopacturte
npegnonaraemble TENMOCMopbI
(paspen 4.2.1) ona npoussBoacTBa
KynbTyp AN NOATBEPXAEHNS
MOINEKyNAPHbIMU aHanu3amm

|

O6paseLl cumTaeTcsi NONOXUTENbHBLIM
U oTpMLATENBHBIM B OTHOLLEHUN
BbIsiBNeHusa T. indica

RFLP MUP (paspen 4.3.1),
MUP c ncnonssosaHnem
BMAOCMELMPUYHBIX YaaneHue oTaenbHbIX
npaiiMepos (pasnen 4.3.2), Tenvocnop ang MNUP (pasgen
MLP BnaocneundunyHbie 4.2.3) n 3atem NUP B peancHom
npanmMepsbl TagMan System BPEMEHU Ha OTAEIbHbIX
(pa3nen 4.3.3) Tenuocnopax (pasgen 4.3.4)

\/ !

MaeHTudurkaumns Bnaos Ha 0CHOBE MOPAOSIOrMK TENNOCTOP U MONEKYMNSIPHOrO aHanuaa.
Ob6pasel cunTaeTcs MONOXUTENBHBIM UMK OTpULATENbHBIM B OTHOLLEHUM BbisiBReHust T. indica

* [Mpn OTCYTCTBUN S94€EP C rNONIOBHEN MOXHO

PucyHok 3: CTpyKkTypHas cxema, UnnocTpupytoLlas NpoLecc, UCNonb3yeMblii Ans BbiSBIIEHWS U MaEHTUdMKaLmUm
Tilletia indica B 06pa3suax cemsiH 1 3epHa.

MUP, nonumepasHas uenHasn peakuus; NOP®, nonumopdurama AnrH peCTPUKLNOHHBIX (PparMeHTOoB.
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=~ Densely echinulate (DE) to
finely cerebriform (FC).
Closely spaced ridges
Coarsely cerebriform (CO).
Coarsely arranged spines
forming wide incompletely
cerebriform ridges
ol o8
'~§ Incomplett'zly f:erebn'foml to
s coralloid ridges (CC)
~
. ‘ ' Thick clumps (TC)
Spines as polygonal scales (PS)
= sometimes forming ridges (left)
-?é or clumps (centre). Sharply
2 ; . pointed often curved spines
= (right)

PucyHok 4: nnocTpupoBaHHbINA Koy opHaMmeHTa Tenvocnop Tilletia. Micnonb3yeTesi B coveTanum ¢ Tabnuvuen 2
(paspen 4.1).

®omoepachuu nirobesHo npedocmasrnieHsbl A. Inman, Central Science Laboratory, York, United Kingdom.
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PucyHok 5: Tenvocnopel Tilletia indica, cTpykTypa opHameHTa noBepxHocTu. LLnnbl nnoTHO pacnonoxeHsl, nnbo
Mo OTAENbHOCTU (MNOTHO OKPY)XEHHbIE KOPOTKMMM LUMNamu), Nnbo Kak BrM3Ko pacrnonoXeHHble y3kue XpebTbl
(4eTko umeroLLMe CXOACTBO C penbedoM Kopbl FofioBHOro mosra). Macwrab: 10 mm = 17 Mkm.

®omoepacpuu nobesHo npedocmasnexsi A. Inman, Central Science Laboratory, York, United Kingdom.

W
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PucyHok 6: Tenunocnopsl Tilletia walkeri, cTpykTypa opHameHTa noBepxHocTu. LLnnbl HeGpexxHO pacnonoXeHsl 1
06pasyloT LUMPOKME, NMOSTHOCTLIO MMeloLMe CXOACTBO C pefibedhOM KOpbl FONMIOBHOTO MO3ra Unu KopannoBuaHble
XpebTbl Unu ryctele komku. Macwtab: 10 MM = 17 MKM.

®omoepacpuu nrobesHo npedocmasneHs! A. Inman, Central Science Laboratory, York, United Kingdom.
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PucyHok 7: Tennocnopsl Tilletia horrida, cTpyktypa opHameHTa noBepxHocTu. LLnnbl cobpaHbl B nonuroHanbHble
Yewymrnkn wunu MHOrga B WMEIWME CXOACTBO C penbedoM KOpbl FOMOBHOrO Mosra xpebtbl. MacwTab:
10 MM = 17 MKM.

®omoepacpuu nirobesHo npedocmasrneHs! A. Inman, Central Science Laboratory, York, United Kingdom.
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B

PucyHok 8: Tennocnopsl Tilletia indica (A) u Tilletia walkeri (B), nokasbeiBatowme npodunu Tenuocnop c6oky nocne
oTOEenuBaHUSA 1 3aTteM OKpalUMBaHWS MULEPUHOM-NAKTO B TPUMNAHOBLIA CUHWMIA LBeT. ObGpaTtnTe BHUMaHWE Ha
nnaeHble odyepTaHust Tenuocnop T.indica nNo cpaBHeHMIO ¢ Gonee HenpaBWUMbHLIMW OYEPTAHUSIMU MPU3HAKOB
Tenvocnop T. walkeri, KoTopble UMetOT 6onee oveBMaHbIE MPOGENBI MEXAY LUMMaMMU.

®omoepachuu nirobesHo npedocmasrnieHsbl A. Inman, Central Science Laboratory, York, United Kingdom.
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7 days

10 days

14 days

1. horrida

T. walkeri

T. indica

PucyHok 9: Kononun Tilletia indica (cnpaa), Tilletia walkeri (B ueHTpe) u Tilletia horrida (cnesa) 4yepes 7 gHen
(HaBepxy), 10 gHewn (B ueHTpe) 1 14 gHen (BHU3Y) Ha kapTodenbHO-AeKCTpo3HOM arape (KOA) npu TemnepaType
19 °C n npu 12-4yacoBoMm LMkne AHs/Houn. ObpaTuTe BHMMaHWe Ha Oornee MensieHHbIN pPoCcT U hrMoneToByd

nurMmeHTauuo Yyepes 14 gHen onsa konoHwun T. horrida.

®omoepachuu nirobesHo npedocmasrnieHsbl A. Inman, Central Science Laboratory, York, United Kingdom.
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UcTopusa nyénukaumm
Ucmopusi nybnukayuu He sierisiemcsi oghuyuarnbHoU Yacmbero cmaHdapma.

2006-03 Kd&M-1 pobasuna temy Tilletia indica / T. controversa (2004-014) nog
Temon: pnbbl 1 rpnbonogobHbIE OpraHM3mbl

2012-11 KC yTBepann npoekT ans KY nyTeM anekTpoHHOro NPUHATUS peLLeHuiA
2012-07 kOHCynbTauus YrieHoB

2013-05 ytBepxaeHue KC ans npuHATUSE NyTeM SMEKTPOHHOrO MPUHSTUS
pelueHun (Bo3spatleH TFIAMM)

2013-06 Tr3A4MN nepecmoTpena NpoekT

2013-10 HanpaBsneH B KC ans yTBepXaeHWs K NPUHATUIO NyTEM 3MEKTPOHHOIO
NPUHATUS PELLEHWI

2013-10 KC yrtBepaun npoekT Ans 45-gHeBHOro nepuofa HanpaBrneHus
HOTUMKaLMIA MyTEM SNEKTPOHHOIO NMPUHATUS PeLLEHWI

2013-12 45-gHeBHbIV Nepuog HOTUdMKALIN
2014-01 KC ytBepgun AN ot nuua KOGM

2017-01 Cekpetapuat MKK3P BHec B pasgen 6 naMeHeHue peaakuMOHHOro
xapaktepa

MC®M 27. 2006: Mpunoxenue 4 Tilletia indica Mitra (2014 roa)
2019-04: Cekpetapuat MKK3P ncnpasun ownbky B pucyHke 3

WcTopusi nybnukauum nocnefHuin pas obHoeneHa: 2019-04
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