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1. HNupopmanus o BpeIHOM OpraHusme

CocHoBas ctBosioBas Hematona Bursaphelenchus xylophilus (Steiner and Buhrer, 1934; Nickle, 1970)
SBJISIETCS BO30yauTeaeM OOJIe3HHM, BRI3HIBAIOIIEH yBsmanue XBOoWHBIX mopox (BrmaT). B. Xylophilus, kak
MOJIAraroT, SBIETCS abopureHHbIM BUoM CeBepHOU AMEPUKH, TIe OHA MIUPOKO PACIPOCTPAaHCHA B
Kanane u Coemunennsix Illtatax (Ryss etal., 2005) u Takxke, MO-BUAAMOMY, OTPaHHUCHO
pacnpoctpaneHa B Mekcuke (Dwinell, 1993). CeBepoamMepukaHCKUE XBOHHBIC MOPOIBI
HEBOCIPHUMYHMBEI WIIH, 110 KpaiiHe# Mepe, yctoiumBel K B. xylophilus, Ho sk3otuueckue mopomsi,
BhicaxkeHHBIE B CeBepHON AMepHKke, OCOOCHHO B 0oJiee TEIIBIX FOKHBIX paiioHax CoeaMHEHHBIX
[ITaToB, MOrMOAOT MPH 3apAKSHUU HEMATOIAMH.

B. xylophilus 6biia 3aBe3sena B Smonuro B Hadame XX Beka, MPEANONIOKUTEILHO B APEBECHHE,
9KCIIOPTHPOBaHHOM 13 CeBepHON AMEPHKH, U CTala OJHUM M3 CAMbBIX OITACHBIX JIECHBIX BPEIUTEIICH B
CTpaHe, TJIe OHa JI0 CHX IOp BBI3bIBACT 3HAYMTEIbHBIC MOTEPH COCHOBBIX JepeBbeB (Pinus densiflora,
P. thunbergii u P. luchuensis). B. xylophilus Takxxe Obiia 3aBe3ena B Kwurait (Bkirouas TaiiBanb) u
Kopero, rae 6si1a oOHapykeHa Bo Bropoii momosute 1980-x romos. B 1999 roxy B. xylophilus 6sira
BriepBbie BoisiBeHa B Esporne (ITopryranus) Ha P. pinaster, koropas moru6aet or HeMaTo/Ibl B TCUCHHUE
HECKOJIBKUX MecsIieB mociie 3apaxenus (Mota et al., 1999; Fonseca et al., 2012). B. xylophilus Taxxe
Obu1a 0OHapy:keHa Ha P. nigra u P. radiata 8 ITopryranuu u cnanuu, coorBerctBerno (Inacio et al.,
2014; Zamora et al., 2015). B 2008 roay B. xylophilus 6bu1a Briepsbie BoisiBiiena B Mcnanuu (Abelleira
etal., 2011).

B. xylophilus neperocutcs ¢ nepeBa Ha iepeBO OOUTAIOIIMMHE B ApeBECUHE )KyKamu poga Monochamus
(Coleoptera: Cerambycidae) (Linit, 1990; Evans etal., 1996). Hematomsl BHepsiOTCS B Tena
HACEKOMBIX BCKOPE TOCJIE BBIXO/[a MOCIESIHUX U3 KYKOJKH M HEMOCPEACTBEHHO Mepe]] X BhIXOZOM K3
nepesa-xo3suna (Wingfield, 1987). )Kyku netar B KpoHY 3710pOBBIX JIEPEBbEB M MUTAIOTCS MOJIOIBIMU
noberaMd M JIMCThAMH (JOTIOJHUTEIbHOE MNHTaHHUE). 3aTeM OHHM CHAPHBAIOTCS W CAMKH HIILYT
ocnabieHHoe MO0 HEAaBHO MOTHOIIee JepPeBO, CTBOJNBI WM KPYIHBIE BETKH (B TOM YHCIE CpEIU
MOPYOOYHBIX OCTATKOB), B 3aBUCHMOCTH OT BHaa Monochamus, Kyma OHU OTKIIAABIBAIOT siIa depe3
KOpy. BbutynuBIIMecs W3 SUIl JIMYMHKH JKyKa B TEYCHHE HECKOJIBKAX MECSIEB IUTAITCS
KaMOHWANbHBIMA TKAHSAMH HEMOCPEJACTBEHHO TOA Kopoil. [lo JOCTMXKEHWUHM 3peioCTH  OHU
3aCBEPIUBAIOTCSA BIIIYOb JiepeBa JUIs OKYKIUBAHHS, KOTOPBIM 3aBEPIIACTCS MX KHU3HCHHBIA ITUKII.
B. xylophilus ncnonb3yer 0COOEHHOCTH 3TOTO KM3HEHHOTO IUKJIA IJIsi PacIpOCTPaHEHHs HA ApYTHe
nepesbst (Wingfield, 1987). Mx mepeceneHne Ha HOBBIE JEpEBbS MOXKET MPOWCXOIUTH B MPOIECCE
SATEKITAJIKH )KYKOB (3TO, 10 BCeH BUIMMOCTH, €TUHCTBEHHO BO3MOXKHBIN CIIOCO0 PACTIPOCTPAHSHHUS JTS
HEKOTOpbIX BUIOB Bursaphelenchus, kotopeie kononusupytoT MeptBbie aepesbs) (Edwards and Linit,
1992). Bmecte ¢ Tem, B. Xylophilus, moxxanyii, efuHCTBEHHAS U3 STHX BHIOB MOXKET MEPEHOCUTHCS Ha
HOBOE JIEPEBO B MPOIIECCE JOMOTHUTEILHOTO MUTAHUS JKYKOB, TIOOTOMY BHIIT MOXET Pa3BHUBATHCS B
pe3yJibTaTe nmepeHoca Bpeautens Ha Mononaeie moderu (Wingfield, 1987).

Ipu nepenoce B. xylophilus B mporecce stiiliekIaiku HEMATOIbI OCTAIOTCSI OTHOCHTEIILHO HEMAICKO OT
MecTa 3aHeceHns. OHAKO MPH MEePEHOCEe Ha MOJOJbIC MOOETH M MOCICAYIOUIEM MOPAKSHUH JepeBa
BIJITOM HEMATObl PACIPOCTPAHSIIOTCS MO BCEMY JIEpPEBY, paspyllas ero TKAHW — SITHTeITHAIbHbIC
KJIETKH, KJIETKH IapEHXMUMbI OCEBBIX U paJHalIbHBIX KaHAIOB CMOITBL, KamoOus u (iosmel. B. xylophilus
TaK)Ke 0OHAPYKHUBAIOTCS B KOPHSIX, JaXe TOT/Ia, KOTIa HaJ3eMHas 4acTh IepeBa yKe MEepTBa, yCcoXia
uinn cpyOusieHa. Pa3Butie GOsie3HM yBsiIaHUSI XBOMHBIX MMOPOJT 3aBHCHT OT BH/IA JIepeBa (KakK MPaBuIlo,
nopaxkaeTcst TOJIbKO PiNUS SPP. HeaMepUKaHCKOTO TIPOUCXOXKICHHUS ), a TAKKE COCTOSIHUSI €0 3/J0POBbSI
1 KIIMMAaTUYIECKUX YCIOBHH (B YaCTHOCTH, TEMITEpaTyphl 1 00BOTHEHNS). ITH (HaKTOPHI TAK)KE BIUSIIOT
Ha PaCIpOCTPAaHEHHWE HEMATO] 10 BCEMY JEPEBY: OHO MOXKET ObITh KaK JOKAJIM30BaHHBIM, TaK W
HEPaBHOMEPHBIM, YTO HEOOXOAUMO MPUHUMATH B PAacyeT MPU OMPEACICHUH CTpaTernu 0TOopa mpod
(Schroder et al., 2009).

B. xylophilus Taxske BcTpeuarorcs B MepTBEIX HepeBbsax Abies, Chamaecyparis, Cedrus, Larix, Picea u
Pseudotsuga u apyrux XBOMHBIX (3a HCKIIOUEHHEM Thuja Spp.), HO HACKOJIBKO M3BECTHO, HU OIWH M3
ITUX POJOB HE TMOPAXKACTCS BUIITOM, XOTS NATOTCHHBIC HCCICIOBAHUS HA CAKCHIAX BBISBIIIH
npUMeYaTeNbHbIC peaklny, BKItovas rudens pacrenuii (Evans et al., 1996).
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B. xylophilus mourn Bcerma pasHocurcs Bumamu Monochamus. Bua-miepeHOCUHK BapbHpYyeT B
3aBUCHMOCTH OT reorpaduyeckoro pernona: Hanpumep, M. alternatus 8 Kurae u SImonun, M. saltuarius
B Smonnu, M. carolinensis B Ceeproii Amepuxe u M. galloprovincialis 8 TTopryramun. Bpems ot
BPEMEHHM BBISBILIFOTCS WHBIE XXyku cemeiicTBa Cerambycidae mim npyrue skecTKOKpBUIbIE, KOTOPbIE
MOT'YT TIEPEHOCHUTH aydpJIMYMHOK HEMATOAbl Ha CBOMX TeJlaX, HO HET HUKAKHX JOKa3aTeIbCTB TOTO,
YTO OHHU UTPAIOT ONPENICIICHHYIO pOJb B pactpoctpaHennn Hemarosl (Evans et al., 1996).

JlesATenbHOCTh YeIOBEKa SIBJSIETCSI OCHOBHOM MpHUMHON pacnpoctpanenus B. xylophilus na Gosnbinne
paccrosaus. B. xylophilus u ee mepenocumku B psime ciydaeB ObUIM OOHApPYXKEHBI B MApPTHAX
MEXYHapOJHBIX IOCTaBOK JPEBECHHbI — B M3IEIUSAX W3 JPEBECHHBI W, B MEPBYIO OdYepelb, B
yIaKOBOYHBIX MaTepHasax, U3rOTOBJICHHBIX U3 MACCHBA JAPEBECHHBI XBOWHBIX MTOpo1. Takum o6pasom,
PHCK €€ JalbHEHIIIEro pacpoOCTPAHEHH s TI0 MUPY BBICOK.

HecmoTps Ha TO, uTO HAUOOJBINYIO Yrpo3y mpeacTaBiseT pacnpoctpanenue B. xylophilus Bmecte ¢
KYKaMHU-TIEPEHOCYNKAMH, TIPYU OMpPEIEIEHHBIX O0OCTOATENFCTBAX MOMKET MPOMCXOIMTEH TEPEHOC W3
3apakeHHOM JPEBECHHBI HA HE3apPaKEHHYI0 WIH Ha 3J0POBBIE JEPEBbS — IPU MPSIMOM KOHTaKTE
3apaKCHHOM M YHUCTOMN JIPEBECHHBI, BELICOKOM COJCPKAHHWU BJIATH B YUCTON IPEBECHHE WM HATHYHU
paH Ha 310poBbIX AepeBbsix (Sousa et al., 2011; Hopf and Schroeder, 2013).

Bonee nerampHas mHpopmamms o Ouonormm B. xylophilus, ee mepeHocumkax, Ooie3HH yBsIaHUS
XBOWHBIX MOPO, Teorpa)uueckoM pacnpoCTpaHEHUH, TOPIOBBIX U 3KOHOMHYECKUX IOCIIEACTBUIX, a
TaKXe CTpaTerusix 00pbObI M MPOMUITAKTHKY TIPUBEIEHA B MOJPOOHBIX PabOTax CIEAYIOIINX aBTOPOB:
Kishi (1995); Mota and Vieira (2004); Mota and Vieira (2008); and Zhao et al. (2008).

2. Taxkconomuyeckasi uHpopmanus

HasBanue: Bursaphelenchus xylophilus (Steiner and Buhrer, 1934; Nickle,
1970)

CHHOHUMBI: Aphelenchoides xylophilus (Steiner and Buhrer, 1934)
Paraphelenchoides xylophilus (Steiner and Buhrer, 1934; Haque,
1967)

Bursaphelenchus lignicolus (Mamiya and Kiyohara, 1972)

Takconomuueckoe nmoaoxkenne:  Nematoda, Rhabditida, Tylenchina, Aphelenchoidea,
Aphelenchoididae, Parasitaphelenchinae, Bursaphelenchus

OO0bIYHOE HA3BaHHUE: CocHoBas CTBOJIOBasI HEMaTozAa

3. BruisiBiienune

Kusuennsrii mukia B. xylophilus cocrout m3 mectu cramuii: sifa ¥ 4eThIpeX TMYUHOYHBIX CTAIIHIA,
MIPEAIICCTBYIONTUX MOJIOBO3pEoi ocobu. JImamaka neporo Bo3pacta (J1), HaXoasach B siilie, JIMHSIET
JI0 INYMHKY BTOporo Bo3pacta (J2). Ha ctanum J2 oHa BEIXOAUT U3 sifLia, OCJIE YEro CIEeAYIOT elie ABe
nnuuHOuHBIe cTaguu (J3 u J4), npeaiecTByoe IUHBKE A0 MOJI0BO3peoi ocodu. Ctanun pa3BUTHS
CMEHSIOTCS B 3aBUCUMOCTH OT Pa3jIn4HbIX yciioBUH. [Ipu 61aronpusTHEIX yCIOBUAX IIPU TEMIIEpaType
B 25 °C B. xylophilus pa3suBaetcs u3 siina, npoxo/s uyepe3 4eThIpe MponaratuBHeie cTaauu (ot J1 1o
J4), n gocTuraer craguu MojJoBo3pesor ocoOu B TeueHue ueTsipex nHeit (Hasegawa and Miwa, 2008)

(puc. 1).

[Ipu HEGIArONPHUATHBIX YCIOBUSIX BMECTO JIMUMHKHU J3 pa3BUBaeTcs AUCIEpCHOHHAsA JnunHKa Ji. Ha
craguu Jy, 10 BCe BUAMMOCTH, IMYMHKA HE NMUTAeTCsA. B KieTkax ee KMIIEYHMKA HAKOIUICH 3ariac
nunuaoB (Kondo and Ishibashi, 1978), 6naroaapst ueMmy oHa MOXKET EPEXKUTh TaKHe HeOIarOnpHUsITHBIC
YCIIOBUS, KaK 3acyxa, HU3KUE TeMIepaTypbl WM OTCYTcTBUE MuTaHuA. OOBIYHO MOCIe 3TOH CTaguu
HPOUCXOJNT JHHBKA B JUCHEPCHOHHYIO JTMYMHKY YETBEPTOrO Bo3pacTta Jiv (JayspiIHduHKY), KOTOpas
pacHpocTpaHseTcss BMECTE C JKyKaMH-TIEPEHOCUMKAMH Ha HOBBIC JIepeBbsA. TeM He MeHee, IpH
HACTYIJICHUH YCIIOBHH, OJarompusATHBIX IJISl JalbHEHIIETro pa3BUTHS, HAlpUMeEp, MPH MOMELICHUH
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JIMYUHOK Jj; B CyOCTpATHI C KYJIbTYpaMu IPHOOB, HEMATO/IbI PA3BUBAIOTCS JI0 PONAraTHBHBIX JINYHHOK
gyerBepToro Bo3pacra J4 (Wingfield et al., 1982).

B. xylophilus BcTpeyaeTcst Ha pasnuyuHBIX THIIAX APEBECHHBI PACTEHHUIA-X035€B, B TOM YHCJIE Ha CTOSIIUX
WK TIOBAJCHHBIX JEPEBbsX, KPYIJIBIX JIecOMaTepuaiax, MUIoMarepuanax W TaKuX H3JICTHIX W3
JPEBECHUHBI XBOWHBIX TOPOJ, KaK [IPEBECHBbIC YIMAKOBOYHBIC MaTepHasbl, a TaKKe Ha OIUIIKAX,
JPEBECHBIX CTPYXKKaX M YacTHIAX, APEBECHBIX OTXOJaX, HEOOpaOOTaHHOW MeOeIn W PEeMECICHHBIX
u3enuax. B cieayromux pasjgenax NPUBOAMTCS KOHKpeTHas WH(opMaims 00 OOHapyKeHUH
B. xylophilus ma mepeBpsix, ApeBecHHEe M H3HEAMAX M3 JEpeBa, a TaKXKe B JKyKaxX-EPEHOCUYMKAX.
Hecmotpst Ha TO, 9TO TPaMOTHBIA OTOOp TPOO BAKEH IS TONYYCHHS] MaTephana, KOTOPBIH ¢
HanOoJIbINEH T0JIeH BeposTHOCTH 3apaxkeH B. xylophilus, pykoBoacTBo mo ot6opy mpo6 He sBIsieTCs
YaCThI0 HACTOAIIEro mporokosna. OOmee pyKOBOJACTBO MO 0TOOpy mpo6 B Clydae, KOrjaa
MEPEHOCUYNKaMH SBIIIOTCS eBporeiickue Monochamus, 6si10 omy6nukoBaro Schroder et al. (2009), a
takke EOK3P (2012).

3.1 Oo0napy:keHue B 1epeBbsX

[pu orcyrcTBun nHboOpMalmu o pactpoctpaneHnu B. Xylophilus B Toit min nHO# MecTHOCTH, IPOOKI
ClIe/TyeT OTONPATh C JIEPEBbEB BOJIM3HM MECT C BHICOKOH CTENEHBIO PUCKA 3apaskeHHUs, HAIPUMeEp, TOPTOB
npreMa MMIIOPTHPYEMBIX TOBApOB M3 CTPaH C H3BECTHRIMH Ciyuasmu 3apaxenus B. xylophilus,
a3pOIOPTOB, JICCOIHJIIOK, IePEeBO0OPa0ATHIBAIOLIMX MPEANPHATHI, MECT XPaHCHUS IPCBECHHBI, a TAKIKE
30H, r1e ObLIH JIecHBIE mokapbl (MONOChamus npuBIeKaloT JeCHBIC TOXKAPHI).

Jns yBenmuueHus: BeposiTHocTH oOHapyxenus B. Xylophilus B paiione uccnenoBanus nenecoodpasHo
COCPEIOTOYUTEL OTOOP Mpod Ha MOTHOAIONTUX WJIM HEAaBHO MOTHOIINX COCHOBBIX JEpPeBhsX (puc. 2 u
3), KaK CTOSAIINX, TaK 1 MMOBaJICHHBIX. JlepeBbsi 1 OTXOABI OT CBEXKUX PYOOK Jieca (0HO- WITH ABYXJICTHUE
BBIPYOKH), KOTOpBIE 32 9TO BpeMsl ObLIM KOJIOHU3UPOBaHbI )kykamu Monochamus, takke MOryT OBbITh
MCIIOJIb30BaHbI B KAYeCTBE MaTepuaia s otoopa npob. Heo6xoaumo nekaTh Cieayronye CHMITOMBI:
U3MEHEeHUe IBeTa (HampuMmep, IOXKEITEHHE) WrOJIOK, YBsIaHWE, CBUJICTENLCTBA JESITEIBHOCTH
HACEKOMBIX (HampuMep, HaJMuue JAPEBECHOW CTPYKKM Ha 3emjle WM B TPEUIMHAaX B KOpE,
IUIOCKOTOJIOBBIX JMYMHOK MoOnochamus mox Kopoif, MOBEPXHOCTHBIX YEPBOTOYMH IO/ KOPOH ¢
OBaJIbHBIMH BXOJIHBIMH OTBEPCTHSIMA B TIPOJIOJILHOM HAIpaBlICHHH CTBOJIA, KPYIJIBIX OTBEPCTUH
BBIX0JIa B3POCIBIX 0CO0Ei), CHHEBA, BbI3BAHHAS POCTOM I'pHUOKa B JPEBECHHE, U OTCYTCTBHE COUYCHUS
cMoJIbI U3 paH. CKOpOCTh COYCHUS KUBHILIBI IPOBEPSIETCS HA 3€JICHBIX JICPEBbIX IIyTEM YAAICHUS YacTH
KOPHI €O cJ10si KaMOusi. 3I0pOBbIEC JIEpEBbs MOKPHIBAIOT MOBEPXHOCTH JIPEBECHHBI CMOJIOH B TEUCHHUE
OJTHOTO 4Yaca, B TO BpeMs Kak JJs 3apakKCHHBIX JEPEBHEB XapaKTEPHO OTCYTCTBHE WIIHM Cl1aboe
BEIJIETICHHE CMOJIBI. BMecTe ¢ TeM, STH CHMIITOMBI Pa3HSATCS B 3aBUCUMOCTH OT BHJIa COCHBI M HE
SIBJISIIOTCS HCKITIOYHTEIbHBIME [UTs B. Xylophilus, Tak kak MOTryT OBITh BBI3BaHBI APYTUMH [TATOTCHAMH
win pusndeckumu (akrtopamu. B HacTosiiee BpeMs HeE CYIIECTBYeT MeToJa JJisi BHU3YallbHOTO
OTpeJIeNICHNsI JePEBbEB, MOTMOAIONIMX OT BUJITA WM OT JAPYrux npuduH. [IpeanodrutensHo Opath
npoObl C JIePEBbEB, 3aCEICHHBIX JKykamMu MOnochamus Ha craauu JONOTHUTENEHOTO KOPMIICHUS HIIH
pPa3sMHOXKEHUS, HIM XOTs Obl MecTo 0TO0Opa mpod JOMKHO HAXOAWUThCS B H3BECTHOM apeaie
pacmpocTpanenus Buaos Monochamus.

PacripoctpaHeHue HEMaToj BHYTPU JIEPEBbEB JIETKO YCTaHOBUTh, OCOOCHHO BCKOpE IOCIE HX
3aHECEHHs BO BpeMsl SIMIIEKIIa/IKU WM Ha CTaJIMH JOTIOJHUTEIBHOTO MUTAHMS )KyKa-TlepeHocuuka. [1pu
BIJITE HEMATO/BI MOTYT OBICTPO PAaCHpPOCTPAHATHCS M MIPOM3BOIUTH MHOTOYHCIEHHOE MOTOMCTBO BO
BCEX YaCTAX JepeBa 3a UCKITIOUEHUEM HIIL, ek u ceMmsH. B. xylophilus Taxke mopaxaet kopHeByio
CHCTEMYy M MOXKET BBDKMBATH TaM HEKOTOpPOE BpeMsl MOCIE TMOENH, BBICHIXaHUS WM PYOKH JepeBa.
OnHako B HEBOCHPUHMYMBBIX JEPEBBSX, HMPH HEOIArONPHATHBIX KIMMATHYECKUX YCIOBHUSX HJIH B
oTpeAeNeHHbIX  (U3NONOTHYECKUX COCTOSHHUSX JiepeBa, HamectBue B. xylophilus un wnx
pacnpocTpaHeHHe BHYTPH JICPEBbEB MOXKET HOCUTh OTPAHUUCHHBIN XapaKTep: HapuMep, KpOHA MOKET
OBITh YACTHMYHO WM TOJHOCTBIO mopaxena B.xylophilus, omxako apyrue dactu nepeBa OymyT
HETPOHYTHIMH.
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3.2 OOHapy»eHUe NPH MOMOILIH JOBYLIEK VI HACEKOMBIX, JIOBYUX OpeBeH U B
o0pa3uax ¢ JIeCONUJIOK 1 CKJIAJ0B JIeCOMaTepHaJioB

JIOBYIIKK /ISl HACEKOMBIX C TMPHMaHKaMH JUIs mpuBiedeHus BumoB Monochamus paspabGortanbl B
HOCJIEIHAE TOJBl U MOTYT TaK)ke ObITh HCIIOJB30BaHbI IS Iiejeil MoHuTopunra (Sanchez-Husillos
etal., 2015). TIpu ucronp30BaHUK JIOBYIIEK I cOopa skykoB Monochamus st ux ucciieaoBaHus Ha
npeaMeT BO3MOXHOTo 3apaxkenust B. xylophilus, »xyku momkHBI OBITH TOWMAaHbI JKUBBIMH, a HE IIPH
MIOMOIIIH JKHIKOTO YMEPIIBIISIONIETO BEIECTBA.

B Mecrax ¢ u3BeCTHOW mnomyssiued jkykoB Monochamus B kadecTBe JIOBYMX OpEBEH MOTYT
UCIIOJIb30BaThCsl OpeBHA, BEIPYOJIEHHBIE B TIEPHOJ JIETA XKYKOB. OHH NPUBIEKAIOT KYKOB JUISI OTKJIa KN
WL, U OBUIO JIOKa3aHO, YTO B TaKHX CIydasx MpoucxoauT nepenoc Hemarona (Dwinell, 1997; Luzzi
et al., 1984). JlepeBo niin ©Maro >xyKoB MOT'YT ObITh BEIOpaHbI 1JIsl MOHUTOpUHTa Hainaus B. xylophilus
B OrpaHM4YeHHON obnacTu. XKyku MOTyT 3aBepIaTh CBOH )KM3HEHHBIH LIUKII B TAKOM MaTepuane. Takxke
MOYKHO YCKOPHUTDH Pa3BUTHE JKYKOB 3a CUET IIEPEHOCa JIOBUMX OpeBeH B J1a0OpaTOPUIO OCEHBIO: )KYKH
TIOSIBATCSL U3 JPEBECHHBI HA HECKOJBKO HEJNENIb PaHbIEe, YeM 3TO MPOU30ILIO OBl B €CTECTBEHHBIX
YCIIOBHSIX.

C6op 00pa3loB [ApeBECHHBI, CTPY)KKH WIM JPEBECHOM INENbl C JIECONMMJIOK M CO CKJIAJO0B
JIeCOMaTepUaIoB MOXKET OBITh A (heKTHBHEE, YeM O0TOOp MPOoO CO CTOSMIMX AepeBheB. Takue oOpasiisl
MOTYT COOHMpaThCsl C BeChbMa OOMIMPHON TEPPUTOPHH, MOCKOJIBKY KPYITHBIE JISCOMIKH IMOTYyYaroT
JpEBECUHY H3Jlaeka W 00pabaThIBAIOT KaK 3aroTOBJIICHHBIE B CTpPaHE, TaKk W HMIIOPTHPYEMbIE
necomarepuansl. OnHaKo 3TOT (aKTOp UIpaeT M OTPULATEIBHYIO pOJib, MO0 3aTPyIHSET MPUBS3KY
HOJIOKUTENBHBIX TIPOO K PErHOHY NMPOMCXOXKACHUS APEBECHHBI.

3.3 OOHapy:KeHHe HENMOCPEICTBEHHO B /IpeBeCHHE, IPeBeCHO MPOIYKIMHU H YIIAKOBKE
M3 MacCHBAa JiepeBa

Bo Bcex Buaax qpeBecHHBI XBOWHBIX ITOPOJ], OCOOCHHO yIIaKOBKE M3 MAacCHBa JIepeBa, B YACTHOCTH, U3
cTpaH, rae Bctpedaercs B. xylophilus, mpoGs1 MoryT ObITE OTOOpaHBI PU TTOMOILM HU3KOCKOPOCTHOM
npenn, Oypa, MHAJBI, TOTIOpa, Kproka W T.n1. OTOOp mpobd ITOMKEH MPOM3BOIUTHCS HAa YYacTKax ¢
KPYTJIBIMU XOJIaMH JINYMHOK (JIETHBIMH OTBEPCTHSIMHU KYKOB), C OBAILHBIMHA BXOJTHBIMH OTBEPCTHIMHU
Y JTUYMHOYHBIMU XOJaMH, KOTOpbIe OBIBAIOT 3a0JIOKMPOBaHBI ApeBecHOW CTpykko. [lpu Hamuumm
KOPHI €€ y/IaJeHue TIOMOXeT 00HApyKUTh MPOTOUYCHHBIC X0bl. [Ipr 0TOOpe Mpod ¢ nMuiroMarepuaioB
JIETHBIE OTBEPCTHS, KaK MPABHUIIO, OTCYTCTBYIOT, HO MOTYT OBITh BHHBI JINUHHOYHBIE XOJIbI, 3a4aCTYIO
3a0UTbIE CTPYXKKOM M MMO3TOMY TpyaHopasnuuuMmeie. Crienyer oTOupaTs npoOBl ¢ 00pasloB,
NOPa’KeHHBIX T'PUOKOM, OCOOCHHO TPHOKOM CHHEBBL. TeM He MeHee, B psijie CIydaeB *XHUBbIE 0COOM
B. xylophilus 6111 0OHapyxeHbl 1 B 00pa3iax 0e3 BbimieynoMsHyThix npu3nakos (EOK3P, 2012).

YnakoBOUYHBIE MaTepHaIbl 13 MacCHBa JIepeBa (HampuMep, MOAJOHbBI) MOT'YT KOHTAaKTUPOBATh C TIOYBOM
BO BpEMA UCITIOJIB30BaHU. 3TO MOXET IMPUBECTU K IMIEPEHOCY HA MMOBEPXHOCTH IMOYBCHHBIX U JKUBYHUIUX
B [I0YBE HEMATOJ, CIIOCOOHBIX MEPEKHUTh BBICHIXaHKME. Bo mM30exkaHue ImepeHoca TaKuxX HEMaro]| Ha
U3BJICYCHHYIO JPEBECHYIO MpoOy mepen ee 0OCie0BaHHEM HEOOXOIMMO YIalHTh MOBEPXHOCTHBIH
cnoit apesecunsl (Schroder et al., 2009).

3.4 MH3BieyeHHe HeMATO] U3 00pPa3LOB APeBeCHHBI

JKuBBIX HEMATOJI MOKHO BBIJEIHTH U3 3apaKEHHOM JPEBECHHBI NMPH MOMOIIM BOPOHOYHOI'O METOa
bepmana wim MoampuuuMpoBaHHOTO BOpoHOUHOro Merona bepmana (Penas etal., 2002; EOK3P,
2013c). B Boponounom mMetoze bepmana Ha CTEKIISTHHYIO HITH INIACTHKOBYIO BOPOHKY C Y3KOU TPYOKOM
y OCHOBaHMs HAJEBAETCs NEPEKPhITas 3aKUMOM PE3MHOBasi TpyOKa, a BOPOHKA 3aIlOJIHACTCS BOMOM.
OOpazen; B BuIe M3MENBUYECHHOIO JepeBa WM JPEBECHOH CTPYKKM IMOMEIIAeTCs Ha CHTO BHYTPHU
BOpoHKH. Ha cuTo kimamercs NpOHMIIAEMBbIH IS HEMaTOJ OyMaKHBIM WIM MapieBblii (QUILTD,
MPEIOTBPAIIAIONINI 3arpsA3HEHHE BOJBI JPEBECHBIMHM YacCTHLIAMH. 3aTEM BOPOHKY 3aIOJHSIOT BOAOM
TaK, YT0O0BI OHA IIPUKpBIBaIa MaTeprai. O0pa3er] OCTaBISIOT Ha CPOK OT 24 110 48 4acoB MpH KOMHATHON
TeMIIepaType WK MOMELIAIOT B TEPMOCTaT (Ipu Temreparype okoio 25 °C). B TeueHue 3Toro BpeMeHu

MexayHapoaHasi KOHBEHLUA NO KapaHTUHY U 3aliuTe pacTeHumn an 10-5



an 1o [wnarHocTtuyeckune NPOTOKObI ANA KapaHTUHHbIX BpeAHbIX OpraHn3mMoB

HEMaTo/bl IIEPEMEIIAIOTCS U3 JIepeBa B BOAY U Nafal0T B OCHOBAHWE BOPOHKM, OTKyJa UX MOXHO
co0paTh, CIMBasi HEOONBIIOE KOIMYECTBO BOIBI (Topsaka 10 mi1) B HEOOBIYIO YaIIKYy.

CyTp BopoHOUHOro Metona bepmana omucana Bblllle, HO Ha MPAKTUKE UCIOIb3YETCS HECKOJIBKO €ro
momudukauuit (EOK3P, 2013c). Hanpumep, apeBecHas mema MOXKeT OBITh HENOCPEACTBEHHO
HOIPY’KEHa B BOAY WM Pa3jo)KeHa Ha BaTHOM (PUIIbTpE, IOMELICHHOM B IUIACTHUKOBYIO KOP3HUHY AJIS
u3BiIeueHnss Hemaro. Kpome toro, B kaxaoMm meroxae, onucanHoM EOK3P (2013c), MoxeT OBITH
UCIIOJIB30BaHO PACIBUIUTENLHOE YCTPONUCTBO.

ITox cTepeoCKOMMISCKUM MUKPOCKOIIOM M C TIOMOIIBIO THIIETKH WM WTJbI HEMATObl MOTYT OBITh
MEPEeHECeHbl M3 HEOOMbIION dYamkd IleTpy Ha MOpEAMETHOE CTEKIO JUIS WCCIICAOBAHHS TOJ
MHUKPOCKOIIOM OOJIBIIOTO pa3perieHus..

Hemaronsl MOTYT pUCYTCTBOBATh B 00pasiie B OUYEHb MaJIbIX KOJUYECTBAX, IOATOMY UX OOHApyKeHHE
MOJKET OBITh 3aTpyIHEHO. PexoMeHayeTcss naTh HeMaToAaM PasMHOXKHUTHCA 10 WX BblaeneHws. Jis
9TOr0 YBJIa)KHEHHBIH 00pasell ApeBECHHBI 0e3 KOpPBbI TEPMETU3UPYETCSl B MOJIMATHICHOBOM MaKeTe U
XPaHUTCS TaM MPH NPUOIKU3NUTENHHO 25 °C B TeueHHUe IBYX-TpeX Helelb. 3aTeM HEMAaTO Ikl BBIACIISIIOTCS
BOPOHOYHBIM MeTO/1I0M bepmaHa.

[Tpunun BopoHouHoro Meroa bepmana ocHOBaH Ha OOHapy>KEHHUH HEMATO]l IPH BbIX0JIe U3 00pa3ua
JIPEBECHHBI, OJHAKO B TCUYCHUU PEKOMEHIOBAaHHBIX 24-48 4acOB HEKOTOPHIC HEMAaTOIbl IOTHOAOT
(Baermann, 1917). Tem He MeHee, MOXKHO C YBEPEHHOCTHIO YTBEPKAATh, YTO OHMU OBUIH KUBBI MPH
BBIICTICHUH. DTO HEOOXOAMMO MMETh B BHAY NPH aHAINW3E HMIIOPTHOTO IPEBECHOTO MaTepHaa.
Hexotopsie npyrue MeToAbl BBIJCICHUS, HAIPUMEP METOJ IEHTPU(PYTHPOBaHUS (3/1€Ch HE OIUCaH,
sBIsieTCsl Oosiee OBICTPHIM IO CPABHEHHIO C BOPOHOYHBIM METOZIOM bepmaHa), MO3BOJSIOT TaKKe
W3BJI€Yb HEMaTOA, KOTOphle Yyke Obutn MeprBel B JpeBecuHe (Moens, 2000). Meron
HeHTPU(YTUPOBaHUS MOXET OBITh HCIOJB30BaH Ml MOHHTOPHHTA pAOHOB, MOPaXCHHBIX
B. xylophilus, Ho He mist mokasarenbcTBa TOTO, YTO APEBECHHA YCIENIHO MPOINIAa (PUTOCAHUTAPHYIO
obpadotky (Moens, 2000).

3.5 MH3BieYeHHe HeMATO] U3 HACEKOMBIX-TIEPEHOCYHKOB

XKyxu poma Monochamus, noiimannsie ¢ momonikto JoByiiek (Pajares et al., 2004; Ibeas et al., 2007)
WM JIOBUEro OpeBHA, MOTYT OBITH WMICCIICIOBAHBI Ha Hanmmune Hemarton (paszmen 3.2). )Kyku HOKHBI
OBITh TIOMMAaHBI )KUBBIMH, & HE ITPH MIOMOIIY YMEPIIBIISIONIETO HX )KUKOTO BEIIECTBA, €CIIH TOJILKO OHU
He OyayT MCIOIB30BaHBI AJIS IPSIMOTO MOJIEKYJISIPHOTO MCCIEJOBAHUS.

JluuanHakM HEMaTo1, OOBIYHO HAXOJSAIIUECS Ha CTaauu pa3BUTHS Jiv (Hay’piIHYuHKHN), KaK TPABHIIO,
00HapyKUBAIOTCS B TPaxesx M HA OBEPXHOCTH TeJa )KYKOB. [lay3plInunHKN 4eTBEpTOro Bo3pacta Jiv
HE UMEIOT CTriIeTa. J[71st BhIIeIeHnst HeMaTo ] )KyKOB PACWICHSIOT U U3METBYa0T B TIOJXO/SIIEH Jalike,
a 3aTeM BBIZEPKUBAIOT B BOJIE B Teuenue 24-48 wacos mpu npudausurenso 25 °C (Sousa et al., 2001;
EOK3P, 2013c¢). B Teuenue 3Toro BpeMeHH Jay3pInIUHKY TOKUHYT XKYKOB. Jayspnuaunku Jiv cnemyer
nepeHecTd Ha cybcTpar u3 munenus Botryotinia fuckeliana (amamopd: Botrytis cinerea), BerparineHHbIit
Ha coJ1010BoM arape (paszzaein 4.1.1), 9ToObI TO3BOIUTH UM Pa3BUBATHCS IO TIPOIIATaTHBHOM CTaINH, KOO
JanpHelmas Mopdonoruueckas WACHTH(PUKALUS MOXKET HPOBOAUTHCS TONBKO CO B3POCIBIMU
HeMmaroJamMH. B KadecTBe aJbTepHATUBBI OHW MOTYT OBITH HCIHOJNB30BAaHBI HEMOCPEACTBEHHO IS
MOJICKYJISIPHON UACHTUQHUKALWH. J{J1s1 BBIJIEICHHUS HEMATOJ U3 )KYKOB TaK)Ke MOXET ObITh HCIIOJIh30BaH
BOPOHOYHBIN MeTon bepmaHa.

HemaTo/ip1, BbIIETICHHBIE BBIIIIEONMUCAHHBIM 00pa3oM M3 JAPEBECHHBI WIH HACEKOMBIX-TIEPEHOCUHKOB,
MOTYT IO/IBEPraThcss MOP(OIOrnIecKoOMy JTUO0 MOJIEKYISIPHOMY MCCIIEIOBAHMIO HETIOCPEACTBEHHO HA
u3BieyeHHbIXx oOpasumax. EOK3P (2013b) omuceiBaeT mpouenypy CKpUHHHIA, OCHOBAaHHYIO Ha
BBIJICJICHUH MOAU(MUIIMPOBAHHBIM BOPOHOUYHBIM MeTOoIOM bepmana, Bcien 3a KOTOPBIM MPOBOIMTCS
JIMarHOCTHKA METOJOM TNojuMepasHoi nenHod peakimu (I1L[P) B Maciirabe peasbHOr0 BpPeMEHHU
(uznaraercst o pabore Frangois et al., 2007).
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Nwmeercs Takxe psii CBHIETENHCTB OOHAPYKEHHS C UCIOIH30BAHHEM MOJIEKYJISPHBIX METOMOB, TPH
xoropbix THK B. xylophilus skctparupyror HemocpeIcTBEHHO M3 IPEBECHHBI Mepel aMILTH()UKAICH
(Takeuchi et al., 2005; Francois et al., 2007; Kikuchi et al., 2009; Hu et al., 2011; Kanetani et al., 2011,
Cardoso et al., 2012). OgHaKo KOIMYECTBO APEBECHHBI, HCITOIB3YEMOE B OTHX CIyYasX IS BBIIEIEHUSL
JHK, Bapsupyet B quamnazone oT 5 1o 120 Mr, 4To 0ueHb Majio 10 CPAaBHEHHUIO C pa3MepaMu 0OBIYHO
aHaM3UPYEeMBIX 00pa3LoB JpeBecMHBl. Kpome TOro, HaHHBIM MOAXOA HEMOCPEACTBEHHOIO
oOHapyXeHHs C MPUMEHEHHWEM MOJIEKYJSPHOTO aHalIM3a BBISIBHT JIIOOYI0 HEMATOJY, JKUBYIO HWIIH
MepTBY10. COOTBETCTBEHHO, MOJIB30BATEIN TAKOT'0 MOIX0/1a TOJKHBI UMETh MPOITUCAHHYIO IPOLEAYPY
NOATBEPXKICHUS HAJIMYMS )KUBBIX HEMATO] B 00pasie — eciii 3To TpeOyeTcs I aHaju3a.

4, HNpentuduxanus

Ha cerogusmnmii nens ommcano okono 110 Bumos pona Bursaphelenchus (Futai, 2013). ITocnennue
0030pbl MOXKHO HaliTH B paborax Peicc u xomt. (2005), Hunt (2008), Braasch et al. (2009) u Futai
(2013). B. xylophilus moryr O6vITE HIECHTH(OUIMPOBAHEI OJHMM W3 IBYX CIIOCOOOB: Ha OCHOBE
MOP(}OJIOrMYECKUX OTIMYUTEIBHBIX NPU3HAKOB MM Ha OCHOBE METOIOB MOJICKYJSIPHOH OMOJOTHH.
X 0TS KOJIMYECTBO OMMCAHHBIX B TIOCIIEIHKIE TO/IbI BUIOB Bursaphelenchus yeennuninock u HekoTopbie
U3 HUX HMEIOT CXOXHEe MOp(]oIorndeckue MpU3HAKH, B OOJBIIMHCTBE CIIydyacB BO3MOJKHA
UIeHTU(UKAIMS, OCHOBaHHas Ha Mopdonoruu. Tem He MeHee, ObIBAaeT CIOXKHO OIPEICIUTH
octpokoneunsie popmel B. Xylophilus Ha ocHOBe MOpdoOrHUecKrX TPU3HAKOB.

Hns wpenTudukanuu Ha OCHOBE MOP(OJIOTHYECKUX TMPU3HAKOB HEOOXOJWMBI KaueCTBEHHBIC
MUKpPONpenapaTbl, MUKPOCKOI BBICOKOTO Pa3pelleHus], a TAKKe 3HAYUTEIbHBIA OMBIT B TAKCOHOMUU
HEMaTo, 0COOCHHO HeOOJBINON TPYIIBI BHIOB, TeCHO cBs3aHHbIX ¢ B. Xylophilus (B. mucronatus
mucronatus, B. mucronatus kolymensis, B.fraudulentus u nap.). [ns metomoB wuaeHTH(DHUKALUH,
OCHOBAHHBIX Ha MOJICKYJISIPHOW OMOJIOrHH, HEOOXOAMMBI TOPOTOCTOsIIee 000PYAOBAaHUE U PEAareHThI,
OHAaKO HE Tpedyercs OONbIIOW TEXHUYECKH ONbBIT (M OOWMPHBIX MO3HaHWH B 00JacTH
HemaroJoJorun). Tem He MeHee, ISl 00ecnieueHHsT COXPAaHHOCTH OTPaHMYCHHOTO MaTepHana HeMaTo]|
B XOJ€ NpoLEeAypbl HEOOXOAMM OOCTATOYHBIA OINBIT COOTBETCTBYIOLIEH paboTel. B TO Bpems kak
Mopdosorniyeckas HACHTUPHUKALNS TPOBOJUTCS HA B3POCIIBIX 0COOSX, MOJIEKYJIIPHAS WACHTH(PHUKALUS
MOYET OCYIIECTBIATHCS NPU HAINYHH JHIIL 0cO0ei Ha paHHHUX JTMYMHOYHBIX CTAIHMAX PAa3BUTHUS WIIN
B3pOCIBIX 0co0ei OMHOTO TONa, 4YTO SIBJSIETCS NPEHMYIIECTBOM IocieqHei. B To Bpems kak
JHK-meronsl, ocHoBanuble Ha I[P, He mnpoBOAAT pa3nuuuil MeXAYy MEPTBBIMH M >KHUBBIMU
HEMaToJlaMH, HOBBIE METOIbl, OcHOBaHHbIe Ha MPHK, MoryT moarBepanTh naeHTH(PUKALINIO HIMEHHO
xuBbIX Hemaron (Leal et al., 2013).

[lpy Hanuuuu B3pPOCIBIX CAMIOB M CaMOK B xopomeM coctosiauu B. xylophilus moryt ObiTh
UICHTU(HUIIUPOBAHBI HEMATO/I0JIOTOM HIIM OMBITHBIM (PUTOIMATOIIONOM Ha OCHOBE MOPQOIOTHUSCKHX
npu3HakoB. TeM He MeHee, MOT'YT BO3HUKHYTh CHUTYallMH, KOTrAa Ui 6ojiee TOYHON MACHTH()UKALIMN
PEKOMEH/IyeTCsI COueTaTh MHPOPMAIIHMIO O MOP(POIOTHUSCKUX MPU3HAKAX C MOJICKYJISIPHBIMU JIaHHBIMH,
Harpumep, npu obHapyxenuu B. Xylophilus B HOBO#t MecTHOCTH MM TIpH TIEPBUYHOM OOHAPYKEHUH
B. xylophilus maGopatopueii (kak rapaHTHsI Ka4eCTBA M COOTBETCTBHSI CUCTEMaM CepTHU(UKALINN), THOO
1pH ee 00HAPYKEHUH B X0 MPOBEPKH UMIIOPTHPYEMBIX TOBAPOB, OCOOCHHO €CIIH CTPaHa-3KCIIOPTEP
Obuta oObsiBieHa cBobOogHoit ot B. xylophilus. bonee Ttoro, B.Xxylophilus wmoxer wumers
MOpPGOIOrHYecKre BapHalu, TPEOYIOLMe MNPUMEHEHHS! METOAOB MOJICKY/SIDHOW —OHOJOTUH,
HalpUMep, KPYTJble WM OCTPOKOHEUHbIE KOHYMKH XBOCTAa y CaMoK (pHC. 4) WM MECTOHAXOXICHHE
aHaJbHOTO OTBepcTHs. [IpW BBIJCNCHUM HE3HAYUTEIBHOI'O YKCIIa HEMATo]] PEKOMEHIyeTCs IMepe
uIeHTU(HKALIMEH 1aTh UM Pa3MHOKUTHCS Ha cyoctpare B. Fuckeliana mis nomyuenus: 1octatouHoOro
IUTSL TOYHOW nAeHTH(UKaUK KondecTBa MaTepuaina (paszaen 4.1.1).

4.1 Mopddonornyeckasi HAeHTHGUKALUS

B BogHOM 3KCTpaKTe U3 XBOWHOW JPEBECHHBI MOTYT MIPUCYTCTBOBATH MHOTOUHCIICHHBIE BUABI HEMATO/,
0cOOCHHO U HayaJle mpolecca pacrnana TkaHeid. HekoTtopsie u3 HUX OyayT MpHHAUISKATh K BUIAM
canpogaros, e y B3pOCIBIX 0cOOel HEeMaTon OTCYTCTBYET CTHIIET, YTO XapaKTepHO AJsl HEMaTo[
cemeiictB Tylenchida, Aphelenchida u Dorylaimida. Bungsr Bursaphelenchus otaocsitest k cemeiicTBy
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Aphelenchida, koTopsle UMECIOT CIHHHYIO TJIOTOYHYIO KeJie3y, OTKPBIBAIOLIYIOCS B METAaKOPIIYC, B
otimuuue ot ceMericTBa Tylenchida, rie skene3a oTKphIBaeTCS B MPOCBETE TIIOTKH MEXAY OyIb0ycoM U
crunetoM (puc.4). Ecimm oOpaserr comaepXUT TOJBKO HEMAaTONbl Ha paHHEH CTaaudl pPa3BUTHA,
Mopdosorndeckas uaeHtubukamms B. xylophilus meBosmoxkna. B Takux ciaydasx BHIBI CEMEHCTBA,
KOTOpbIC MO pa3Mepy coBmaaaroT ¢ Hemaromamu B. xylophilus ma panue#t cragum passutus (cMm.,
Harpumep, Penas etal., 2008), momkHel OBITH OTHAENCHBI JTHOO pa3MHOXKEHBI B yamie [leTpu
BBIpAIMBAHKS WM UCIIOJB30BAHbI JIs TIPSIMOM MOJIEKYJIIPHON UACHTU(DUKALINH.

Jns uaeHTHdUKAIMKA O] ONTHYECKUM MHKPOCKOIOM pekomeHayercs yBenudenune 400x - 1000% (¢
MacCJIsTHO-UMMEPCHOHHBIM 00BekTHBOM). Hamnmume muddepenimanpsHoro WHTEPPEPEHITMOHHOTO
koHTpacta (AMK) Mmoxer obnerunts HaOIIOACHNUS.

4.1.1 MoaroroBKa 00pa3uoB

Bo3MokHO, 1151 TOyYEeHUs TOCTATOYHOTO KOJIMYECTBA MaTepralia Ijsi HACHTU(PHUKALNN BBIACICHHBIM
HEeMaTo/1aM CJIeyeT IaTh Pa3MHOXKUTHC. bonmbiuHcTBO BUoB Bursaphelenchus moxwuo BeipamniuBaTh
Ha criopoodpasyromux rpudax B. fuckeliana. Hekotoppie BubI, 0COOCHHO MpUHAICKAIIUE K TPYIITIE
sexdentati, BeIpaIMBarOTCs Ha HecopooOpasyroux rpubdax. Ode rpudKoBbie HOPMBI KYJIbTHBUPYIOT
Ha 2% conogoBoM arape (malt extract agar — MEA) (15 r arap-arapa, 15 T cOlOIOBOTO 3KCTpaKTa,
750 M Bomer, pH 7,0). Yamku Ilerpu (quamerpom 90 MM) 3aIlOJIHSAIOTCSA 25 MJI CTEPUIIM30BAHHOTO
MEA. I'pubkoBble criopbl MO0 KyCOUYKHM arapa ¢ IpuOKOBOW KyJIbTYpO# mepeHocsT B yamku [lerpu
BHYTpU CTEepHIbHOro Ookca. MHKyOauuio MiacTiH ¢ TpuOaMu PEeKOMEHIYeTCsl OCYIIECTBISATh NPH
KOMHaTHOH  Temmeparype (mpubnmsurensHo 25 °C).  HeOompruryro  kamumo — cyOcrpara ¢
npeaHa3HAYeHHBIMU AJIsl Pa3MHOXKEHHSI HEMAaTOIaMU IEPEHOCST Ha MULIETTUH C TIOMOIIBIO TTUIIETKH HITH
UHBIM cnocoOoM. UMHKyOammio HeMaTol, PEKOMEHIyeTcs MPOU3BOAUTH MpU TeMIeparype
npubmusutenabHo 25 °C (B 3aBUCHMOCTH OT WX OHOJNOTHH), NMPH KOTOPOH CKOPOCTh Pa3MHOKEHUS
JIOCTATOYHA JUIS TIONYYEHHUS. HEOOXOIUMOTO KOJTHYECTBA B3POCIBIX 0COOEH M MX JINYMHOYHBIX CTA .

4.1.1.1 Bpemenmnsie npenapamot

Bpemennsie mpenapaTbl A1 ObICTPON WACHTH(PUKALMKN MM U3YyYCHUSI 0COOEHHOCTEH, Jydlle BCEro
HaOIr0naeMbIX B He3a(MKCHPOBAHHBIX 00pa3lax, NoJy4aoT clelyloumM oopazoM. JKuBeIX HeMaToq
HOMENIAI0T B HEOOJbIIOE KOJMYECTBO BOABI Ha IpeaMeTHOM crekie. IIpenmerHoe crexio ObIcTpo
HArpeBaloT HaJl IJIAMEHEM CIIMPTOBKH, TOCTOSHHO HaOxironasi 3a IBUKEHHEeM Hematoj. Kak Tonbko
HEMAaTO/Ibl IEPECTaHyT JIBUTaThCs, HArPeB CIIEAYET NPeKpaTHTh. [locie HaoKeHUs TOKPOBHOTO CTEKJIa
oOpasen roToB Juisd u3ydeHus. He pekoMeHIyeTcs 3aKperuisTh MOKPOBHOE CTEKIIO, TAK KaK BO3MOXKHO,
YTO TeN0 caMlla HEeMaTOABl MOTPeOyeTCsl PacloiokKHUTh B IOPCATLHO-BEHTPAIBHON MO3UIINHU, YTOOBI
YBUZIETH OypCy.

4.1.1.2 Ilocmosnnsie npenapamaot

ITocTossHHBIE Tpemapathl Uil UASHTH(OUKAIMHA C TIOMOIIBI0 ONTHYECKOTO0 MHUKPOCKOMNA IONYyYaloT
crenyomuM obOpa3zoM. JKuBble HEMaTOJbl, W3BICUCHHBIC W3 PACTHTENHLHOTO MaTepuaya WU
BBIpAIlICHHBIC, YMEPIIBISAIOTCA Ha cjiaabom orue, ¢ukcupyiorcs B FAA-pactBope (35%
muctupoBanHoi Boabl, 10% 40%-ro dhopmanuna, 5% nensHoil ykcycHo# kuciotsl, 50% 95%-ro
criupra) (Andrassy, 1984) umu B pactBope TAD® — TpudTanomamuue u Gpopmanuse (7 M popmanuHa
(40%-ro hopmambaeruaa), 2 M1 TpUITaHOTAMHUHA, 91 MIT TUCTHTUPOBAHHON BOBI), 00pabaTHIBAIOT
0e3BOIHBIM TIUIEPUHOM (ISl IIUTEIHHOTO XPaHEeHWs) W MOMENIAl0T Ha IUIACTHHY B 0OE€3BOJTHOM
riudiepuHe, kak omucano y Seinhorst (1959) u Goodey (1963). bonee Obictpsiit meton (1-1,5 gaca)
MOATOTOBKHU MOCTOSHHBIX MpernapaToB onucad Priccom (2003) u ocHOBaH Ha yMEPIIBICHUNA HEMATO/T
ropstuuM  pactBopoM 4%-ro Qopmanpaernma. Duxcanus 3areM MPOUCXOAWT TPH  Pa3THYHON
TEeMIIEpaType B MPOrpaMMHUPYEMOM TEPMOCTATE C TOCIEAyIoMIel 00paboTkoii B rimnepune. [logpobuee
0 TIOATOTOBKE O00pa3IoB HEMATOA W TOCTOSHHBIX TNPENapaToB, BKIIOYAs COCTAaBBI (PHUKCUPYIOIINX
pacTBOpoB, MOXHO HalTH B paboTe van Bezooijen (2006) B cBo60aHOM HocTyne B ceTu MIHTEpHET.
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4.1.2 Kuiou s onpeiesieHus1 10BHIa

Crenyromuii K04, YaCTUYHO CO3AaHHBIA Ha ocHoBe paboTsl Bongers (1989), ucmons3yercss ams
onpezeaeHus oACeMecTBa caMOK 3ydaeMbIX ocobeit. Kimrou momcemerictea Parasitaphelenchinae myst
omnpexnenenus pona Bursaphelenchus Bzst u3 padorsr Hunt (2008). Kirou pona Bursaphelenchus mis
rpynmbl Xylophilus B3st u3 pabGotsl Braasch et al. (2009). B kadecTBe anbTepHATUBBI IPUMEHSETCS
OOIIeTIPU3HAHHBI  TIPOCTOM  KITFOY, OmpeleieHHbd  EBpomeiickoii. u  cpeam3eMHOMOPCKOM
opranuzanuei 3ammuthl pacreanit (EOK3P), mupoko ucmonb3yeMblii B TaHHOM PETHOHE M TOCTYITHBIN
B nmuarHoctuaeckom mporokosie EOK3P mis B. xylophilus (EOK3P, 2013b).

OHpe,Z[eJ'IeHI/ISI TCPMUHOB, UCHOJB3YCMbIX B MOCICAYIOIIUX pa3aciax, MOXHO HalTH B Hy6J'H/IKaL[I/II/I
EOK3P Diagnostic protocols for regulated pests: Pictorial glossary of morphological terms in
nematology (EOK3P, 2013a).

4.1.2.1 Kniou ona onpedenenusn oocemeiicme u noocemeiicme

1. HEMATOA C IIIAIIOM HMITH CTHIIETOM .....ccceiiiiiiiieieieseieseseseeeseseses et esaste et e s tet et e e e e e e et et et e e e e et e e e e et e e e e et e e e a e e e e eaeaes 2
— HeMaToqa 0€3 IIMITA MITH CTHIIETA .. .uuuenenenenesssssnssssssssssssssssssssssssssssssssssssssas He Bursaphelenchus
2. PoToBast 0011aCTh C THJICHXOUIHBIM CTHJICTOM, TTIOTKA C METAKOPITYCOM .....veeveeereeressresseeanreeseesseesses 3

— PoroBast 006macTh ¢ AOPMITAMMONIHBIM CTHJICTOM, TJIOTKA MIIMHAPHIECKON WA OYTHUIKOOOpa3HOM

(DOPMBI, 03 METAKOPIIYCA wvvvvvevveesrreseeesseessesssseasesssesssessssssssssssseseessesssessessnsssnsesnes He Bursaphelenchus
3. MeTakopIryc ¢ METAKOPTATBHBIMHU TITTACTITHAME «..vveeuvveesreesssessssressssessssseessnesssssessnsessnsesssssessnseesssessnns 4
— Mertakopityc 6€3 BUANMBIX METAKOPIATBHBIX TIACTHH .....vvvrveseeresreeresresseennens He Bursaphelenchus
4. IIpOKOPIYC YETKO OTACIICH OT METAKOPITYCA CYKEHIIEM ..uvveevrresvreessreessteeessreessseeessesssesssssessnsessnenens 5

— Ilpokopnyc u MeTakopIyc He paslelieHbl Cy:KeHHeM, 0a3aibHbIil Oylb0yC CHIIBHO peayLMpOBaH,

BHIINMAS KOJTBITCOOPAZHAST KYTHKYIIA «..vvvevvreessreesssesessneessneessssessnsessnsesssnessssseessseesns He Bursaphelenchus
5. OnHa roHasa (BYJIbBA PACTIOOMKEHA C3AM) wevrrerreesrerresseesressesssessesseessesseessesnesssessessesssessessnessessesssessesns 6
1 0TS0 10 = D1 5 (PSP He Bursaphelenchus
6. I'yOHAST OOJTACTD OC3 TIMETHHOK. ... .eesuveeeeresssteeasreesssessssseesssessssesssssessnsssssssessssesssssessnsessnsesssssessnssesssessnns 7
— ['yOHAS OOTACTD C LICTHHKAME ....c.vvevvenreseesrenseesnesreessesnesseesnesnessessnesseesnesnessnesnens He Bursaphelenchus

7. MeTakopmyc WMEEeT BHIMMO pPa3BUTYI0 MYCKYyJIaTypy, OTUETIMWBO pazIHYMMYyI0 TpU CIadoM
YBEITMYEHUH, UMEET SHIEeBUHYIO (GOpPMY MU (GOPMY CKPYTIIEHHOTO MPSIMOYTOJIBHHKA, JOPCaTbHBINA
TJIOTOYHBIN TPOTOK OTKPHIBACTCS B TIOJOCTh TJIOTOYHOTO KOJBIIA BHYTPH METAKOPITYCA ...evvenveareeesesne 8

— MeTakopIryc 0OBIYHOTO pa3Mepa, JOPCaATBHBINA TIOTOYHBIN MPOTOK OTKPHIBACTCS B TIOJIOCTH

TJIOTOYHOT'O KOJIbIIA HEMOCPEICTBEHHO 32 CTUIIETOM ..vvveennvveeesnrireessntreeessnnneeessnnnes He Bursaphelenchus
8. I'moTouHsble Kene3bl YaCTHYHO NEPEKPBIBAIOT KUIIEYHUK C JOPCATBHON CTOPOHBL......cevvveeeeireairene 9
— ['moTounble xKene3rl He BEIXOIAT 3a MpeAesbl BRICTYIAIONMIETo Oynb0yca.......... He Bursaphelenchus

9. KoHumk XxBocTa camIla OKpY)XEH HEOONbIIMM OYypCOBUIHBIM KYTHKYJISIPHBIM  IIUTKOM
(pa3auyuM TOJBKO TP JOPCATHHO-BEHTPAIEHOM TOTOKEHUH HEMATOBI) .vevvverveeeenreresneeresneennennenns 10

— BypcoBUIHBIN KYTUKYJISIPHBIA HIATOK OTCYTCTBYET +eeevuvveeeeurreeesanrneeessnnneeesnnenns He Bursaphelenchus
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10. Hannyre BBICTYIIOB Y CTHJIETA, HATHYME QHYCA Y CAMKH...c.vvevveveeeeesvesreeseenes Parasitaphelenchinae

— BrICTYynBI y CTUJIETA OTCYTCTBYIOT, OTCYTCTBUE QHYCA Y CAMKH.ooeevvveeeeiiveeeanns He Bursaphelenchus

4.1.2.2 Kniou ona onpedenenusn oonoocemeiicmea Parasitaphelenchinae

11. V GoJbIIMHCTBA BUAOB Aay3pIHMUUHKY TpeThero (Ji) mwim uetBepToro (Jiv) Bo3pacta popeTHUSCKU
CBSI3aHBI C HACEKOMBIMH; ByJIbBa B 3a1HeH yacTH (00prdHO 60-80% AMMHBI TeNa), CIUKYJIIBI pa3ieIbHbIe
WIH YaCTUYHO CPOCHIMECS; XBOCT cCaMlla CHJIBHO 3arHyT; Oypca TpPUCYTCTBYET Yy OOJBIIWHCTBA
151701 (0] : SRS PSS Bursaphelenchus

— Hayspnuumnnku Jiv; BynbBa pacnonoxeHna naiexo c3anu (80-90% miuHbI Tena); CIUKYIBl YaCTUIHO
CPOCIITHECST; XBOCT CaMIla HE CHIIBHO 3aTHYT; HMECTCT OYPCA.eiivvieririerrireririesieens He Bursaphelenchus

4.1.2.3 Knrwowu oas onpedenenus oopooa Bursaphelenchus

12. BynsBa ¢ OONBIIMM IMMTKOM; CIUKYJBI JUIMHHBIC, TOHKHE, MOIYKPYTJBIE C Iyro0OpasHBIMU
JIC3BUSIMU B IEPBOI TPETH 3aIHEH YaCTH, KATUTIONYM TUIOCKHA C MATEHBKUM KOHMIFOCOM U 3aMETHBIM
POCTPYMOM, OOBIYHO UMEETCS KYKYILTIOC;, OOKOBHHA C YETHIPHMS JTUHUSAM. ............... rpymna Xylophilus

— TIPUBHAKHT OTITHUATOTCS - v.vveevvenrereeresreaseesnesseessesnesseesnesseesnesreesnesnesseenesnesnnsnnennes He rpymma Xylophilus

4.1.2.4 Knrwu onsa onpedenenusn dozpynnot xXylophilus

B rpymme xylophilus cnenyrommit kiarou (nononaeHssii B cootBerctBuu ¢ EPPO (2013b, 2014)) moxer
OBITH UCIIONB30BaH [t onpenenenus B. xylophilus, BeeneHHbIX U3 ApeBECHHBI M APEBECHOM KOPBI OT
BunoB Bursaphelenchus Toit ke rpymmel. Bonee moapoOHyro HHGOPMAIMIO O OPYTHX BHIAX,
npuHaanexanmx K rpymmne Xylophilus, moxno naiiti B padote Braasch u Schonfeld (2015). B rpymmy
xylophilus Taksxe BXOISAT BUIBI, HE CBA3aHHBIE C XBOMHBIMHU ITOPOIaMH JiepeBheB (Hanmpumep, B. populi).
VX MOXHO HMCKJIIOYHTH MPOCTO OMPEICICHUEM MOPObI JAepeBa. Y HEMaToJ, Pa3MHOXKAIOIIUXCS Ha
arapoBOM IUIACTHHE C IpHOaMH, MOXET HaOIIOAaThCs OOMblIas BapHATHBHOCTH CTPOCHHS XBOCTA
CaMKH.

13. XBocCT caMKH IOYTH HUIMHAPUIECKON (POPMBIL, C HITH 0€3 MYKPO (PHC. 4 B 5) ovevvvrivieiiiieeiee e 14

— XBOCT CaMKH KOHHYECKOH (hopMbI (PHUC. 6) MIH CHIIBHO BBIPAXKCHHOE CY)KEHHE K KOHILY, ¢ MU 0e3

1414 o0 ST U TP TRTPRT He B. xylophilus
14. nuaa criukyiasl <30 MKM (M3MEpSIETCSt OT KOHIMITIOCA JI0 TUCTATEHOTO KOHTHKA) .vvvvvvveeirveraeneans 15
— JuHA CHHKYIIBI >30 MEKM ...vviiiiiiiieeresieeee e sne e sre s sne e snssneennenne e enne e He B. xylophilus

15. Comkyna ¢ UIMHHBIM OCTPOKOHEYHBIM POCTPYMOM, JHUMOBI CIUKYJIBI C YTIIOBBIM H3THOOM
(DHIC. S(C) H T) ettt bttt R R R Rt n e r e 16

— Cnmkyla ¢ KOPOTKHM OCTPOKOHEUHBIM POCTPYMOM, JTUMOBI CO
CKPYTIICHHBIM FBTHIOOM ....veuveiueirissiessesseesse st ssee st e snesmee s sneassesnesne e snesneenneaneennenneenes He B. xylophilus

16. ByJ'IBBapHI:Iﬁ IIMTOK CaMKU HpHMOﬁ, HC 3aKaH4YMWBaCTCsia 3HAYUTCIIbHBIM yFJ'IY6J'ICHI/IeM

(DHIC. 5(G) L 8) .ttt bbb b bR R R Rttt 17
— BynbBapHBIi MUATOK CaMKH 3aKaHYMBACTCS 3HAYUTEIHLHBIM YTITyOJICHIEM

(027 O P ue B. xylophilus
17. XBocT caMku ¢ MYKPO > 3 MKM (PHC. 4(C) 1 10(d)) covvviiriiiiiiiiiii it 18
— XBocT camMku ¢ Mykpo (puc. 5(H) u 4(a) u ¢ HeOoNbIINM BBICTYIIOM <2 MKM™* 1iin 6€3 HeTo

(puc. 4(b) m4(D)—()) cvevevrereeir e, B. xylophilus (pa3HoBHIHOCTH CO CKPYIJIEHHBIM XBOCTOM)
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18. DKCKpeTOpHAs TTOPa HA METAKOPITYCE HITHL 32 HEIM ....vveeuveeesseeessressssseesssessssesssssessnsessssessssnessssnesssessnsens
............................................. B. mucronatus kolymensis u B. xylophilus (pa3HoBuanocTh ¢ MyKpo**)

— DKCKPETOPHAS ITOPA TIEPET METAKOPIIYCOM ..ve.vververeesvereaseesesseasessesseessessesssessessesssens ue B. xylophilus

He Bursaphelenchus, He oTHocuTCA k BUgam Bursaphelenchus.

* B HekoTopbIx nonynsauusx B. fraudulentus o6HapyxuBaloTCs CaMKi C HEBOMbLUMM BbICTYNOM UMW Aaxe C OTCYTCTBYIOLWUM
Mmykpo (puc. 9(B)). B cnyyae, korga HEBO3MOXHO C YBEPEHHOCTbIO OMNpedenuTb BUL AEepeBa, B KOTOPOM OBGHapykeHa
HemaToaa (B. fraudulentus BcTpeyaeTcs B NIMCTBEHHLIX AEPEBLSX, OHA Takke Obina oGHapyXeHa B NIMCTBEHHWLE — HO He B
COCHe), PeKOMEHAYeTCs MOSIeKynspHOe UCCriedoBaHme.

**  PasHoBugHoCTb B. xylophilus ¢ mykpo npenmyLiecTBeHHO BCTpeyaeTcs B CeBepHON AMepuke 1 Anst AOCTOBEPHOrO pasnunyns

3TON U "eBponernckoin” pasHoBuaHOCTU B. mucronatus, T.e. B. mucronatus kolymensis (Braasch et al., 2011), pekomeHayetcsi
npoBefeHre MoneKkynspHbix nccnegosanun (Gu et al., 2011).

Ecnmu nonoxenue 3KCerT0pH0ﬁ MOpbI HECPA3ZTIUYINUMO, I/IZ[CHTI/I(l)I/IKaLII/IH Ha OCHOBC MOp(l)OHOI‘I/I‘-IeCKI/IX
IMPU3HAKOB MOXKCT OBITH HCBCpHOﬁ. B HOI[06HI>IX CllydasaX OOJDKHBI MPOBOAUTHCA MOJICKYJIAPHBIC
HCCIICIOBAHMA.

B. xylophilus umeet o61mue npusnaku poaa Bursaphelenchus (Nickle, 1970; Hunt, 2008): mmHa okoso
1 MM, npononroparas; rojloBHasi 00JacTh PacHOI0KeHa BBHICOKO, OTJEJICHA CYKEHUEM, UMEET IECTb
ry0; CTHJIET XOPOIIO Pa3BHUT, 0OBIYHO UMeeT HeOoIbIIHe 0a3anbHble YINIOTHEHNUS; METAKOPILYC XOPOIIO
paseur (puc. 11 u 5(F)); TepMuHyCc XBOCTa camIla CHJIBHO 3arHyT B BEHTPaJIbHYIO CTOPOHY, UMEET
KOHHYECKYI0 (OpMy, HEOOJNBIIYI0 TEPMHHAIBHYIO Oypcy, pa3iuuuMyIO0 B JOPCATBHO-BEHTPAIHLHOM
NOJIOKEHUH (puC. 12); CIUKYIIBI )KECTKHE, B JOPME IITUITOB PO3bI, OOBIYHO NMEIOT BHICTYIIAIOIINE U3T'HO
U pocTpyM; rybepHakyimoM orcyrcTByeT (puc.7 u 10); BynbBa 3anumaer 70-80% mnmHBI Tena;
MOCTYTEPAIBHBIN MEIIOK XOPOIIIO Pa3BuUT (puc. S(A)).

BonpumHcTBO momysisitmii B. Xylophilus nmeroT okpyrieHHBIH XBOCT U OTIMYAIOTCS OT IPYTHX BUIOB
pona Bursaphelenchus crenyrommu tpemst npusnakamu (puc. 10). 1) Camusr B. xylophilus (puc. 7)
UMEIOT OTHOCHTEIBHO OOJIBIINE CIUKYJIBI, PABHOMEPHOW JIyrooOpa3Hoil (OpMBI, C OCTPBIM OOJBIINM
POCTPYMOM U KYKYJUTIOCOM (IMCKOOOPa3HBIM BBICTYIIOM) Ha JUCTANBHBIX KOHIAX CIHUKYJ. 2) XBOCT
CaMKH{ UMEET MPAKTHYCCKH [IMTHHIPHUECKYIO (POPMY € IIUPOKO CKPYTIICHHBIM TEPMUHYCOM (puc. 4(a)),
MYKpO (HeOOJBIIOH BBICTYIT) OOBIYHO OTCYTCTBYET, HO B HEKOTOPBIX CIy4asX CaMKU NOMYJISIIUAN ocobOeit
CO CKpPYIJICHHBIM XBOCTOM HMEIOT MYKpPO Ha TepMUHYyCe XBOCTa JIMHOH MeHee 2 MM (puc. 4(b)).
3) ByuibBa nepeKkpbIBacTCs JUIMHHOMN MepejiHeii ryooii (puc. 8).

BMmecTe ¢ Tem, caMKd TOMYJISAIHN, OONAJAIONMX MYKPO, B OOJBIIMHCTBE CIIy4aeB HMEIOT MYKpO
(1,5-4,2 mxm) Ha TepMuUHyce XBocTa (pHc. 4(c)).

[Ipu3HakaMu, KOTOpPbIE JIy4lle BCErO BBIBIISIOTCS O] CKAHWPYIOIIUM 3JEKTPOHHBIM MUKPOCKOIIOM,
ABIIAIOTCSA 4eThIpe Haceuku (puc. 13) B jaTepalbHOM IIOJe, a TaKKe KOJIMYECTBO U TOJIOKEHHE
XBOCTOBBIX MaNmuiul y caMioB (puc. 14): agaHanpHas mapa Hanuiul pacrioyio’keHa Tepes aHycoM, JIBe
napel MOCTAHAJIBHBIX MNAlWUl PACHOIOXKEHBl IMPSIMO IE€pel OCHOBaHHEM Oypc M EIMHCTBEHHAs
MenuabHas Manuula HaXOAUTCS MPSIMO Iepel aHAIbHBIM OTBepcTHeM. JlaHHBIE MPU3HAKU MHOTIA C
TPYZOM MOXKHO HaONIOJaTh W 4epe3 ONTHYECKWi MuKpockon. Puc. 13 m 14 — 3T0 MHKpOCHUMKH
AIIEKTPOHHON MUKPOCKOIUH, Ha KOTOPBIX N300pakeHBI /IBa ATHX MPU3HAKA, yKa3aHHBIX B paznene 4.1.3
B KaueCTBe KIacCH(DUKAIIMOHHBIX TSI OTHECEHHUs BU0oB poja Bursaphelenchus k rpymme xylophilus.

PesynbraTel u3amepenuit Mopdoaorndeckux napamerpos B. xylophilus npusenenst B Tabuuie 1.

Ta6bnuua 1. VIamepeHus (cpegHue, AManasoH yka3aH B ckobkax) npusHakoB Bursaphelenchus xylophilus
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ABTOp Nickle et al. Mamiya n Mota et al. Penas et al. Penas et al. (2008)
MpuaHak (1981) (n =5) Kiyohara (2999) (n =12) | (2008) (n = 20) (n =20)
cwa’ (1972) (n = 40) | (Mopryranus)' | (Moptyranus) (MopTyranus)*
(FIr|0H|/|;|)Jr
0,56 0,73 1,03 0,57 1,04
Onuna (O0), mm
(0,52-0,60) (0,59-0,82) (0,80-1,30) (0,45-0,69) (0,87-1,17)
a
(anuHa 40,8 42,3 49,4 46,0 45,7
Tena/HanbonbLuni (35-45) (36-47) (44-56) (40,2-58,5) (41,3-48,9)
OuameTp Tena)
b
(anuHa
Tena/paccTosiHue oT 9,4 9,4 13,3 9,6 13,7
nepegHen 4yactm go (8,4-10,5) (7,6-11,3) (11,1-14,9) (8,2-10,7) (11,6-15,4)
rMOTOYHOKMLLEYHOrO
KnanawHa)
c 24,4 26,4 28,0 21,6 26,8
fg‘;‘f;:)m”a/””””a (21-29) (21-31) (24-32) (19,1-24.6) (23,6-31,4)
13,3 14,9 12,6 11,0 14,0
CTunet, MKM
(12,6-13,8) (14-17) (11-16) (10-14) (12-15)
R 21,2 27,0 24 19,3 30,4
ynel (18,8-23,0) (25-30) (22-25) (16,5-24,0) (25,0-33,5)

ABTOp Nickle et al. Mamiya n Mota et al. Penas et al. Penas et al. (2008)
MpuaHak (1981) Kiyohara (1999) (2008) (n = 20) (I'IopTyranMﬂ)i
(n=5) (1972) (n=12) (n=20)
cwa)’ (n= 30)T (Moptyranwus)' | (MopTtyranus)
(AnoHus)
0,52 0,81 1,05 0,58 1,13
Onuna (O0), mm
(0,45-0,61) (0,71-1,01) (0,89-1,29) (0,51-0,66) (0,91-1,31)
a
(anuHa 42,6 40,0 50,0 41,9 45,6
Tena/HanbonbLni (37-48) (33-46) (41-58) (32,8-50,6) (39,4-50,3)
OuameTp Tena)
b
(anuHa
Teﬂa/PaCCTQﬂHVle 9,6 10,3 13,8 10,1 14,7
Z{) nepenHer 4actu (8,3-10,5) (9,4-12,8) (12,7-16,4) (9,1-11,2) (11,6-16,8)
rMOTOYHOKULLEYHOIO
KnanaHa)
¢ 27,2 26,0 26,6 25,4 28,1
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(AnvHa Tena/onuHa (23-31) (23-32) (22-32) (20,2-29,0) (21,9-34,4)
XBOCTA)
12,8 15,9 12,3 11,2 14,4
CTunet, MKM
(12,6-13,0) (14-18) (11-15) (10,0-12,5) (12-16)
('_'Bo)”o"‘e“”e BYMbBEI 74,7 72,7 73,3 71,5 72,6
% ot 1 (73-78) (67-78) (70-76) (70,1-72,9) (70,4-74,5)

HemaTogbl, BbliAeneHHble U3 eCTECTBEHHOMO cybcTpaTa.

¥ HemaTogbl, BbipallieHHble Ha KynbType rpuboB B TEYEHUE OAHOIO roda.

4.1.3 Cpasuenne Buaa Bursaphelenchus xylophilus co cxoqabpiMu BugamMmun

KiroueBble mpu3Haku Uil ompenelieHus BHIOB poxa Bursaphelenchus noctymuer (Hampumep,
A1O.Peicc u komn., 2005), ognako onmcanue A.JO.Priccom 3THUX OBYX NPHU3HAKOB B YIOMSHYTOH
paboTe CTpamaeT TeM e HEeAOCTaTKOM, UTO U IPOYHe PaHHHE OMMCAaHus BUIOB poaa Bursaphelenchus
— OHM HETOJIHBI M OCHOBBIBAIOTCSI Ha MajJoM KoimdecTBe o0pasmnoB. IlepBoHawyanmpHOE omnmcaHue
74 BunoB pona Bursaphelenchus cm. B pa6ote Buepsi (Vieira et al. (2003)).

ITo muenuto bpaama (Braasch, 2001), B. xylophilus siBastercst ogaum u3 BuoB rpymmsl Xylophilus.
HecmoTps Ha TO, 9TO ceroaHsi TAKCOHOMHCTHI CIIOPSIT O TOM, CKOJIBKO BUAOB BXOAUT B 3Ty TPy, 10
MeHBIIeH Mepe 15 BUI0B WK MOABUAOB (ITO COCTOSHUIO Ha arpenb 2015 roga) mpuirciIeHbl K TpyIe
xylophilus n3-3a Hanmums geTsipex 60po3 0K (pHc .9), KOITHUECTBA M MOJIO0KEHUS XBOCTOBBIX OYTOPKOB
¥ [TapaMeTpPOB CIHKYJIbI, a TaKke 00JIbIIOro pa3Mepa ByibpBapHoro murtka (Gu et al., 2005; A.1O.Price
u xonn., 2005; Braasch et al., 2009; Braasch and Schonfeld, 2015). TTo mensIneii Mepe aBa BHIa poja
Bursaphelenchus (B. trypophloei, cm. Tomalak & Filipiak, 2011 u B. masseyi, cm. Tomalak, Worrall &
Filipiak, 2013) HexaBHO ObUIM NpeIOKEHBI Ui BKItoUeHHs B rpymiry Xylophilus. Onnako B ocHOBe
HACTOSIIETO MMPOTOKOJIA JISKHUT mocieaHss kinaccudukanus Braasch and Schonfeld (2015), cormacho
KOTOPO# JaHHBIE BHIBl HE MOTYT OBITh TPUYUCIEHBI K 3TOM TpyIme u3-3a MOP(HOJIOTHYSCKHX
0CcOOCHHOCTEH CcrMKyJbl. TakuM 00pa3om, wieHaMu rpyribl Xylophilus siBistiroTest cieyronye BUIbL:

- B. xylophilus (Steiner & Buhrer, 1934; Nickle, 1970)

. fraudulentus (Rihm, 1956; Goodey, 1960)

. mucronatus mucronatus (Mamiya & Enda, 1979; Braasch, Gu & Burgermeister, 2011)
. mucronatus kolymensis (Braasch, Gu & Burgermeister, 2011)

. conicaudatus (Kanzaki, Tsuda & Futai, 2000)

. baujardi (Walia, Negi, Bajaj & Kalia, 2003)

. luxuriosae (Kanzaki & Futai, 2003)

. doui (Braasch, Gu, Burgermeister & Zhang, 2004)

. singaporensis (Gu, Zhang, Braasch & Burgermeister, 2005)

. macromucronatus (Gu, Zheng, Braasch & Burgermeister, 2008)
. populi (Tomalak & Filipiak, 2010)

. paraluxuriosae (Gu, Wang & Braasch, 2012)

. firmae (Kanzaki, Maehara, Aikawa & Matsumato, 2012)

. koreanus (Gu, Wang & Chen, 2013)

. gillanii (Schonfeld, Braasch, Riedel & Gu, 2013).

1
0 0 0 U 0 0 0 0 0 0 0 W

o

Bua B. xylophilus moxer ObiThb pasfeneH Ha aBe (GOpMbI HIM HOMYJSIHH: KPYTJIOXBOCTBIE H
octpokoHeunsie (Gu et al., 2011) (puc. 4). OcTpOKOHEUYHBIE MOMYJISAIUE B OCHOBHOM OOHAPYKHUBAIOTCS
B CeBepHOIl AMEpHKe U OYeHb CXO0XH ¢ BugoM B. mucronatus kolymensis.
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IIaTHaaaTh BUOOB WM TOABHAOB rpymmsl Xylophilus MoXHO OTIHYMTE OT APYrMX BHIOB poja
Bursaphelenchus o ¢popme crimkyn camiioB u mo xapakrepHoi (hopMe ByJIbBAPHOTO LIUTKA y CAMOK.
s otnenenus B. xylophilus ot ocranbusix 14 BHIOB B TPYyIIIE HCIOIB3YIOT MPU3HAK (DOPMBI XBOCTA
caMKH (CyOMIMHIApHYEecKas WM MWIHHAPUYEcKas popma ¢ OKpyTIIeHHOH OKOHEYHOCTHIO, OTCYTCTBHE
octpokoneunsi). [logpoOHOe omucaHKe KIIOYEBBIX MPH3HAKOB IO BceM BHaaM rpymmsl Xylophilus, a
TaKe PUCYHKH C OCHOBHBIMH 3JIeMEHTaMU MpUBoasATcs B paboTe Braasch and Schonfeld (2015). ¥V Bcex
apyrux BumoB rpymmsl Xylophilus camki MMEIOT KOHHUYECKHH MM OCTPOKOHEYHBIH XBOCT. OJHAKO
HEKOTOpBIE OCTPOKOHeuHbIe nonyssinuu Buaa B. Xylophilus, Bcrpeuarommecs B CeBeproii AMepuke,
CIIOKHO OTJIMYUTH 1O MOP(OJOTMYECKHM IMpPU3HAKAM OT JPYTrHMX OCTPOKOHEYHBIX BHIOB (puc. 4).
Kpome toro, camku B. xylophilus, BeiBeneHHbBIE B 1a00OpaTOpUH, UMEIOT THUITMYHBINA 3aKPYTJICHHbIH
KOHYHMK XBOCTa, TOTJa Kak B 00pa3iiaX, MOJYYCHHBIX C 3apaKCHHBIX HJIM MCKYCCTBEHHO MPUBHTHIX
JIepEBbEB, TOMHMO CAMOK C OKPYTIIBIM XBOCTOM, MOT'YT TIOIAaAaThCS CAMKH C OCTPOKOHEYHBIM XBOCTOM
paziuuHoi JuiMHbI (puc. 4). bosee moapodHy0 MHGOPMAIIMIO 10 JaHHOMY BONPOCY MOXKHO HAWTH B
pabote Gu et al. (2011).

CaMBIMH pacIipocTpaHeHHBIME BumaMu rpymsl Xylophilus semstorcs Buast B. mucronatus mucronatus
u B. mucronatus kolymensis. JTanubie BHIBI pacipocTpanensl B EBporie 1 A3uu, MX MOXKHO OOHAPYKHUTH
takke B Kaname (A.}O.Peicc u xonr., 2005). IlosTomy, moxanyi, yaiie Bcero OyayT BCTPEYaThCS
pasmuuust Mmexay Bunamu B. Xylophilus u B. mucronatus mucronatus_wzu B. mucronatus kolymensis
(puc. 6 u 10).

Oranonnsie obpasupl 50 BumoB poma Bursaphelenchus, sxmouas 41 momsum B. xylophilus us
PasIMYHBIX KCTOYHMKOB BO BCEM MHpe, coOpaHbl B KoJurekiuu poma Bursaphelenchus B MucturyTte
HOnuyca Krona, siBistromeMcst heiepaibHbIM UCCIIEA0BATEILCKMM IEHTPOM KYJIBTYPHBIX PACTCHUH H
HHCTHTYTOM HAIMOHAIBHOM ¥ MEXIYHApOJIHOW OXpaHbl 310pOBbs pacTeHuii (r. BpayHiiBeiir,
T'epmanmst).

4.2 UnenTuduxkanus Ha MOJIEKYJISIPHOM YPOBHe

B nmanHOM paszzmene mpuBOAMTCS HHPOPMAIMS O MOJIEKYJSPHBIX HCCIEIOBAHUIX, MO3BOJISIOLINX
omnpeaenuth Buy B. xylophilus u3 umncna coOpaHHBIX HEeMaTo. DTH TECTHl OOBIYHO MPOBOASATCS ITOCTE
MOP(}OTOTHIECKUX HCCIeIOBAaHUN JUIS TOATBEP)KICHUS MOITYyYSHHBIX Pe3yabTaToB. B mocnmemyromux
nojpasjenax IpelCTaBiICHbl pa3IM4HblE BHUIBl HCCIEIOBAaHUNM 10 OTAEIBHBIM acleKTaM, 4YTO
YKa3bIBaeTCs B Ha4YaJle KaKI0ro paszena.

Hns unentudukammu B. xylophilus nmeercss MHOecTBO MeTomoB. MoOEKyIISIpHBIE HCCIICIOBaHUS,
ONMCAaHHbIE HIDKE, OBUIM PEKOMEHIOBAHBI MPH pa3paboTKe HACTOSMIEr0 MpOoToKona. Bo3moxHO
NpOBeJICHUE U JAPYTUX TecTOB. MneHTrdUKaus Ha MOJIEKYISIPHOM YPOBHE MOXET MPOBOJUTHCS TPH
oMoty o0brgHBIX MeTooB IILP (paszmen 4.2.2) wmm metonoB I[P B pexume peasbHOTO BpeMeHHU
(pazaen 4.2.3). Bce nanHble METOMBI, B YaCTHOCTH, METOJ MOIUMOPPHU3MA JJTMHBI PECTPUKIIMOHHBIX
¢parmentoB (I1JIP®D) BHyTpeHHero TpaHckpuOHpyemoro ydacrtka-crieiicepa (ITS) (pazmen 4.2.1),
3G (GEKTUBHO UCIIONB30BAUCH B JIA0OPATOPHSX MO BCEMY MHUPY, OJHAKO 1O CHUX IOp HEe OBUIH
anpoOMpoOBaHbl C TNPUMEHEHHEM pPEaKUUH KOJIBLEBOM NpelunuTandd. MeTon  NeTIeBOr
nzorepmuueckor  ammumgpukanun  (LAMP-tect, pasmen 4.2.5) Owbmn paspabotaH s
HETIOCPEICTBEHHOT0 00HAPYKEHHS M UACHTU(PHUKAIINY [IEIeBbIX HEMATO/ B JIPEBECHHE.

B ocHoBe Hambosee COBpPEMEHHOrO MOJIXOJa K MOJEKYJSPHON HIASHTH(DHKAIMK JIEKUT aHalu3
cexkBeHrpoBanus u mrpux-koguposanus JAHK (pasmen 4.2.8). Jlanusiidi moaxon tpedyer mAOCTyma K
anmaparype AJisl CCKBeHHPOBAHHUS U K TOCTOBEPHBIM OMHMCAaHUSIM IIOCIIEI0BATENBHOCTEH (Hanpumep, K
XxpaHsmuMmes B 0Oase  mamHbix  Q-bank  (http://www.g-bank.eu/Nematodes/)), a  Takxe
BBICOKOKBAJTM(HUIIMPOBAHHOTO TIEpCOHANla JUIS aHaju3a [OoCJeoBaTeIbHOCTe BO H30ekaHHe
HEJOCTOBEPHBIX PE3yIbTaTOB.

ITpu rcnonbp30BaHUKM MOJIEKYJISIPHBIX MeTOI0B 0OHapyskernus B. xylophilus B apeBecHoit nmpoxykuuu B
(UTOCAaHUTAPHBIX IENAX KpaliHe Ba)KHO TPOBOIMTH pPAa3IHMYHe MEXIy >KUBBIMH W MEPTBBIMH
Hemarogamu. Hekotopbie crnocoObl (uTocaHuTapHOil 00paboTku yHuuTOkawT B. xylophilus B
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JPEBECHHE, TOATOMY TP HCIIOJL30BAHUN COBPEMEHHBIX METOJIOB OOHAPYKEHUS, OCHOBaHHBIX Ha
JHK, Henp3s1 pa3auyuuTh, MOTYUEH JH MOJIOKUTEIbHBIN pe3yIbTaT N3-3a COACP KaHMsI B 00pasLie )KHUBBIX
nemato win JIHK mepTBrIX HeMaTo. B 11ei11x GUTOCAHUTAPHOTO PEryIUpOBaHHS ITPEAIOUYTHTEIbHEES
UCIIOJIb30BaHUE MOJICKYJISIPHBIX METOJI0B, OCHOBaHHBIX Ha PHK, mo3Bonsromux pa3nuyuaTh KHUBBIX U
MEpTBBIX HemaToa B npesecune, (Leal et al., 2013) (paznen 4.2.4). JlanHOE 00OCTOSATEIBCTBO CICIYET
NPUHUMAaTh BO BHUMAaHKE MPH BEIOOPE METOAA MOTyyeHus: 00pa3oB HeMaTo] (HanpuMep, BOPOHOUYHBIH
METOJ BOPOHKH bepMaHa paccunTaH Ha >KMBBIX HEMATOJ; CM. pasfensl 3.4 u 3.5) U MOJEKyJIIpHOTO
MeToza omnpeneneHus. 110 BO3SMOXKHOCTH MOJIOKUTENBHBIA PE3yJIbTAaT MOJIEKYJISIPHOTO TECTa CIeayeT
HOATBEPAUTH C TOMOLIBIO MOP(OJIOrHYECKOH HACHTH(PHUKALINH.

B 3TOM IHarHOCTHYECKOM MPOTOKOJIE METOBI (BKIJIFOUYAs] YIIOMUHAHUE TOPTOBBIX MapOK) IPUBOIATCS B
COOTBETCTBHE C O(DUIUAITEHO OMYOJIIMKOBAHHBIMH, TaK KaK OHU 00ECIIEYHBAIOT JJOCTH)KEHUE 33/ IaHHOTO
YPOBHS 4YBCTBHUTEIBHOCTH, H30MPATEIbHOCTH W/WIM BOCIPOM3BOAUMOCTH. Vcmosib3oBaHue B
HACTOSIIEM JUATHOCTHYECKOM IPOTOKOJE HAa3BaHW pPEareHTOB, XHMHYECKUX BEIIECTB HIIU
o0opymoBaHUSA HE TOPa3yMEBAcT MX HCIOJIL30BAaHHE B YIIEPO APYTUM IOAXOJSAIIMM 3JIEMEHTaM.
OnucaHHBIC B TPOTOKOJIAX JJa0OPATOPHBIC MPOLICAYPHI ITPH YCIOBUHU HaJIC)KAIICH Bepr(HUKAIIH MOTYT
OBITH aTaNITUPOBAHBI K CTAaHAapTaM KOHKPETHBIX J1a00paTOPHiA.

4.2.1 ITS-TIIP NJIPD

Byprepmaiictep (Burgermeister et al. (2005, 2009)) ucnons3oBan ocHoBanubiid Ha [TLP meron ITS-
[JP® nnst Toro, utodsr otmuutk B. xylophilus ot 43 npyrux BumoB poxa Bursaphelenchus. TToutu
BCE ONHMCaHMs HOBBIX BHIOB poaa Bursaphelenchus, onmy6nmkosannsie mocie 2009 roaa, momydeHsl B
pe3ynpTaTe mpuMeHeHuss ocHoBanHoro Ha [IIIP wmeroma ITS-IIJIP®, paspaboranaoro
Byprepmaiicrepom (Burgermeister et al. (2009)). M3 Bcex METOIOB MOJEKYJSPHBIX HCCIIEIOBAaHH,
YIOMSHYTBIX B JaHHOM IIPOTOKOJE, IAaHHBIM METOA oOKasajcs Haubonee >(dexTuBHBIM A
orpeiesieH s caMoro 0OJIBIIOTo YKciia BUIoB posaa Bursaphelenchus.

JHK BblAenseTcs n3 HEMaTo]l Ha pa3IMyHbIX 3TaNax UX >KU3HU (B3pPOCIble CAMKH U CaMIIbl, MOJIOJIbIE
HETIONIOBO3pEIbE 0CO0M) ¢ MCTONb30BanueM Habop misa anammsa JJHK QIlAamp (Qiagen'). Hematon
(ot 1 1o 30 ocobeit) momemaroT B 5 MK Bojbl B ipooupku Eppendorf! n oxnaxmaror o -20 °C 1o
Beigenenns JIHK. Ilepen skcrpakmmeit JTHK obpasen pa3mopaxuBaior, mepemMernuBaoT ¢ 10 MK
Oypeproro pactsopa ATL (Qiagen') u mepeMelIMBarOT 10 FOMOIE€HHOTO COCTOSIHMS B HPOOHPKE
Eppendorf! ¢ ucnionb3oBannem mMunMaTIOpHOTO TIEcTUKa Juist pactupanus (Eppendorf?). Iocne sToro
npouecc skcTpakiuu JHK Benercs B COOTBETCTBUM € PEKOMEHIALMAMHU IIPOU3BOIUTENS IS
soienennst JJHK (QIAamp DNA Micro Kit Handbook, Qiagen: “Isolation of genomic DNA from
tissues™?), 3a uckmOYEHHEM ClIEAYIOIUX 5TanoB. Ha stane 4 unky6auus aautes 3 vaca. Ha srane 12
(amrommuposanue) ot 20 M (s sxetpaknun JJHK omnoit Hemaroasr) 1o 100 MK (U1 SKCTPAKITAN
JHK nmo 30 memaron) Oydepnoro pacteopa AE (Qiagen!) manmocutcs Ha memOpany. Dimroar,
conepxxammit u3BneueHnyto JAHK, xpanutcsa npu remneparype -20 °C 10 MOMEHTa UCTIONIBb30BaHHUA.

ITS-TILP ITJIP®D ananu3 BEIMOIHSAETCS IyTEM OCYIIECTBICHHSA TONUMepaszHoii nenHoi peakunu (I1LP)
B BeImeneHHOW JIHK, mocite 3Toro ocymiecTBiseTcss aHaau3 moauMopdu3Ma JUTHH PEeCTPUKITHOHHBIX
¢dparmenToB (IIJJP®) Ha obOpasue ¢ mposeaeunoit ITL[P. Orpesok PHK Hemartomsl, comep:karinit

! B sToMm JAUArHOCTUYCCKOM MNPOTOKOJIC MCETOAbI (BKJHO‘IaH YIIOMHUHAaHUE TOPTOBBLIX MapOK) MPpUBOJATCA B

COOTBETCTBHE C O(QHIMAIBHO OITyOJMKOBAaHHBIMH, TaK KaK OHM 00ECIEYMBAIOT JOCTIDKCHHE 3aJJaHHOTO YPOBHS
YyBCTBUTEIBHOCTH, W30MPATENILHOCTH H/WIM BOCIPOM3BOAUMOCTH. Vcronp30BaHME Ha3BaHMH peareHTOB,
XUMHYECKHX BELIECTB WM 00OPYIOBaHHUS B 9THX IAMArHOCTHYECKHX IIPOTOKOJIAX HE O3HAa4yaeT UX OJ0OpeHHs U
OTPaHMYCHUS K HCIONB30BAHUIO IPYTUX, IOAXOMIMIMX Uil O3THX wesied. OIncaHHBIE B INPOTOKOIAX
JTabopaTopHBIE MPOLENYPhl IPH YCIOBHU HaJUISXKaIed Bepr(UKAIMA MOTYT OBITh aJalnTHPOBAaHbI K CTaHAAPTaM
KOHKPETHBIX Ja0opaTopuii.
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BHYTPEHHHE TpaHCKpHOupyeMsle yaacTku —cnericepsl (ITS), a umenHo nepsolii yuactok-crieticep ITS1
u BTOpOH yuacTtok-creiicep ITS2, ammmuduuupyercs npu [P, 06pa3ys cnenyromniie 0CHOBHBIE MaphI:

ITS1-forward (F): 5'-CGT AAC AAG GTA GCT GTA G-3 '(Ferris et al., 1993)
ITS2-reverse (R): 5'-TTT CAC TCG CCG TTA CTA AGG-3 '(Vrain, 1993)

PactBop ¢ mposenennoit [1LIP (50 M) cogepxkut 0,6 MMOIIb OCHOBHBIX Tap crieicepoB Kaxabid, 2 U
Taq nommumepasel JJHK (Stratagenelmmu Fermentast), 10 mmoms 3-HCI (pH 8,8), 50 mmons KCl,
2 mmonb MQCly, 0,2 mmomnb nmesokcunykneoruma (ANTPS) u 2 ur marpuunoit JTHK. ITIpomecc
aMIUTUUKALMK BBIMOJHSAETCS B TEPMOLMKIEPE CO CIEAYIOIIMMH HapamMeTpaMH IHKJIA: Ipolecc
neHatypauuu npu 94 °C B teuenue 2,5 munyT, 40 uuknos peakunu (94 °C B Teuenue 1 munytsr, 55 °C
B TeueHne 1 MmunyTH B 72 °C B TeueHue 2 MUHYT) U OKOHYATEIbHAS BBIAEPKKa 1pu 72 °C B TeueHne
5 munyt. Ilocne 3aBepmeHuss npouecca IILP 5 wmkn amukBoTHOM npoObl mpoaykros [ILIP
MIOJBEPratoTcsl TenueBoMy diekTpodopesy. [loaxonsmue arukBOTHBIE MPOObI aMIUTU(UIUPOBAHHON
JTHK moxseprarotes ipeodpasoBanuio ¢ moMornrsio 3 U pectpukinonnoi sunonykieasst Alul, Haelll,
Hinfl, Mspl u Rsal B cooTBeTCTBHY ¢ MHCTPYKIIMEH IIPOU3BOTUTEIS.

B. xylophilus ompenensieTcst Ha 0OCHOBE CBOWCTBEHHBIX KOHKPETHOMY BHTY ITa0JI0HOB PECTPUKIIHOHHBIX
¢parmentoB JJHK (puc. 15). KommuectBo u pasmepsl pectpukunonHbix ¢parmentoB JHK Obutn
OIMCaHbI 10 MEHbIIECH Mepe s clienyronmx BuaoB poaa Bursaphelenchus (Gu, 2014): B. abietinus,
B. abruptus, B. africanus, B. anamurius, B. andrassyi, B.antoniae, B. arthuri, B. arthuroides,
B. braaschae, B. burgermeisteri, B.chengi, B.conicaudatus, B. corneolus, B.doui, B.eggersi,
B. eremus, B.fraudulentus, B.fuchsi, B. fungivorus, B. gerberae, B. gillanii, B. hellenicus,
B. hildegardae, B. hofmanni, B. hylobianum, B. koreanus, B. leoni, B. luxuriosae, B. macromucronatus,
B. masseyi, B. mucronatus mucronatus (paree B. mucronatus Boctounoaszuarckuii Tui), B. mucronatus
kolymensis (panee B. mucronatus espomeiickuii tum), B. obeche, B. paraburgeri, B. paracorneols,
B. Paraluxoriosae, B. paraparvispicularis, B. parathailandae, B. parvispicularis, B. pinasteri,
B. pinophilus, B. poligraphi, B. populi, B. posterovolvus, B. rainulfi, B.seani, B. sexdentati,
B. silvestris, B. Sinensis, B. singporensis, B.thailandae, B.tusciae, B. vallesianus, B. willibaldi,
B. xylophilus, B. yongensis u B. yuyaoensis.

B. hunanensis u B. lini mpemnaraercs mnepexknaccupuIMpoBaTh KaK HE OTHOCAIIUXCS K POIY
Bursaphelenchus. Byprepmaiictep (Burgermeister et al. (2009)) npuBOAXT MOIHBINA CIHUCOK IIA0I0HOB
nu jpuH  ¢parmentoB JIHK, mnonyduennbix ¢ mnomormpto ITS-IIJIPD-meTona st 44 BumoB
Bursaphelenchus. ITpumep onpeneneHns BUIOB ¢ MOMOIIBIO TA0JIOHOB PECTPUKIIMOHHBIX (hParMEeHTOB,
HOJydeHHBIX ¢ TomoInsio Metoga ITS-TIJIP® mus B. xylophilus, B. mucronatus mucronatus wu
B. mucronatus kolymensis, npusenen B Tabnuie 2.

Ta6nuua 2. UlabnoHsl nonmopguaMa pectpukUmMoHHbIX dparmeHToB (MOP®) BuaoB poga Bursaphelenchus

PecTpukLUMoHHbIe chparMeHTbl (OCHOBHbIE Napbl),

Pe3ynbTaT

nup o6pa3oBaHHbIe pacliennsoWmMM 3H3UMOM

(ocHOBHbIE

napki) ‘ Rsal ‘ Haelll | Mspl Hinfl

920 486 621 355 408 674
B. mucronatus 412 299 302 232 246
BOCTOYHOA3MaTCKUIA 12 263 121
TMn = B. mucronatus 36
mucronatus 49

24
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PecTpukLUMOHHbIe chparMeHTbl (OCHOBHbIE Napbl),

Pe3ynbTaT
nup obpa3oBaHHbIe pacLensisiioWUM 3H3UMMOM
(ocHOBHbIe
napbi) ‘ Rsal ‘ Haelll | Mspl Hinfl
925 413 625 356 412 678
B. mucronatus 263 195 303 232 247
eBponenckuin Tmn = 227 105 266 121
B. mucronatus 22 87
kolymensis 49
24
925 483 728 562 263 433
420 197 363 232 256
. 22 142 142
B. xylophilus
139 96
125
24

McTouHuk: Burgermeister et al. (2009).

4.2.2 Tpaguuuonusiii [II{P-meTon

Cnenyromue ITI[P-TecTbl 1alOT BO3MOXHOCTH IIPOBECTH HICHTU(HKAILMIO KOHKPETHBIX BHJIOB
B. xylophilus, Ho He MoryT onpenenuTs npuCyTCTBUE APYTUX BHIOB poaa Bursaphelenchus.

4.2.2.1 Tpaouyuonnstit INI]P-memoo onpeoenenusn npu ITS pekomounanmnuou /JHK

Meron aist onpesiesieHnss KOHKpeTHoro Buma B. xylophilus, npumensieMblil 171st BBIEICHHST OTpPE3Ka
ITS1-ITS2 pIHK, 6611 ommcan Marrynara u Torammu (Matsunaga and Togashi (2004)). Dtot meton
IpOIIENT anpoOannio TpH ompemelieHnr 5 uW 4 BumoB sAmoHckoi momymsiwu  B. Xylophilus u
B. mucronatus, cootBetcTBeHHO. IIpOTOKOII 3TOT0 3KCIIEPUMEHTA TPUBOTUTCS HIKE.

Hemarons! mo oTaensHOCTH MOMENIAIOT B 5 MKJ OydepHOro pactBopa Ais Ju3nca KieTok (50 Mmmoib
KCl, 10 mmons 3-HCI (pH 8,2), 2,5 mmons MgCl, 0,45% (Bec/o0béM) Nonidet P-40, 0,45%
(Bec/00wEM) Tween 20, 0,01% (Bec/00bEM) xenatuna u 0,06 Mr/mi nporenHassi-K) B 0,2 Mi1 ipoOupky
MicroAmp (Applied Biosystems?) u Beinepxusaror npu Temneparype -70 °C unu Huke B Tedenue 10
muHyT (ipu Beienennn JJHK npumensiercs meton, npemnoxkennsiii bapcrenom (Barstead et al., 1991).
ITocne pazmopaxuBaHus npu KomMHaTHOH Temmneparype pactBop JAHK narpesatot no 60 °C B TeueHue
1 gaca, a 3arem mpu 95 °C B Teuenue 15 munyt. IlomyumBmniics HeounmieHHBIH pacTBop JIHK
UCTIONB3yeTCs B KadecTBe ma0ioHa st koHkperHoit IILIP. I[P mpoBoauTcs ¢ HCIIONB30BaHUEM
CIIEAYIOIINX Map NpaiMepoB:

X-F:5-ACG ATG ATGCGATTG GTG AC-3'
X-R:5-TAT TGG TCG CGG AAC AAA CC-3'

[P mnporexkaer B 10 MKI peakuMOHHOH CMeCH, COAEpKalleil MPUrOTOBJICHHBIA 3apaHee
mrabnon/matpuny JIHK (5 mxn 6a3ooii Bertsbkku JTHK), 50 mmone KCI, 10 mmouns Tris (pH 8,3),
1,5 mmone MgCl, 0,001% sxemaruna, 200 mmons ANTP kaxkmoro Buma, 5 MMOIE OCHOBHBIX IIap
(mpaiimepos) u 0,25 U Taq momumepaser JJHK (AmpliTag Gold, Applied Biosystems!) u ¢
npumenenreM Tepmonmkiepa Perkin Elmer GeneAmp PCR System 9600 (Applied Biosystems?).
[Tocne nenatyparuu mpu 94 °C B TedeHHE 5 MUHYT MPOIIECC ITOBTOPSETCs B TeueHue 35 1ukinos (94 °C
B Teuenne 30 cexynm, 55,9 °C B Teuenue 30 cexynn u 72 °C B TeueHre 1 MUHYTHI) B OKOHYATECIIBHOMN
BbIIep)kKOl nipu 72 °C B TedeHue 6 MUHYT.
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B pesynbsraTte 3TOM peaknun obpasyercs amruiukoH JIHK, comepskammii 557 OCHOBHBIX IMap OT BCEX
uccienoBanHbix B. xylophilus.

4.2.2.2 Tpaouyuonnwtii I1L]P-memoo, npumensemotii 013 camennumnoi JHK

Meron onpenenenus koukpetHoro Buza B. xylophilus ¢ ucnonszoBanuem IMTIP-meTo1a, OCHOBAaHHOTO
na caremmuTHo# JIHK, 6611 onmcan Kacranbone (Castagnone et al. (2005)). Ero crerdudanocTs Oblia
IpOBEpEHa Ha HeLeNeBIX Buaax poaa Bursaphelenchus (B. leoni, B. mucronatus u B. tusciae), a Taxske
Ha OJTHOM STIOHCKOM M IBYX KaHaAcKuX nomysiusix B. xylophilus.

Avmmmdurarus  npomsBogutcss 1o JHK oTnmenpHBIX 0co0eit HemaTon, MOITOTOBICHHOW B
cootBercTBHU ¢ MetogoM IIIP, ycosepiieHcTBOBaHHEIM Ha ocHOBe padorsl Williams et al. (1992).
OtnenpHBIC HEeMaToabl TToMemarotest B IIL[P-ipobupky u cBepxy 3amoiHsAoTCs 2,5 MK Oydepa mis
nu3uca kietok (50 mmoins KCI, 10 mmons Tris (pH 8,2), 2,5 mmons MgCla, 60 mr/mi nporenHasbi-K,
0,45% Nonidet P-40, 0,45% Tween 20 u 0,01% >xenatuna). [Ipodupku oxmaxnatorcs mpu -80 °C B
TedeHue 45 MUHYT U 3aTeM HEMEIJICHHO TIOMEIAI0TCS B TEPMOITUKIIED, T1e BhlAepKuBatoTes npu 60 °C
B TeueHne 60 MuHYT 1 3ateM 95 °C B Teuenue 15 munyT. [lomyunBimmiicst HeounmeHHbIH pacTtBop JJTHK
HCHONB3YETCA B KAUeCTBE MaTPHUIIBI-IIa0JI0OHa B KaXka0l koHKpeTHOH [TLP.

OcHoBuble mpaiimepsr [1L[P, ucnonp3yeMble B peaxiuu, MpeaHa3HAYeHbl IS CKJIEHBAHUS 00OMX
KOHIIOB cocToAmIero u3 160 ocHOBHBIX Tap MOHOMEpa ceMelicTBa catesuntHoi JJHK, panee onucannoi
B B. xylophilus (Tarés et al., 1993; nomep noctyna GenBank L.09652):

J10-1: 5'-GGT GTC TAG TAT AAT ATC AGA G-3'
J10-2Rc: 5'-GTG AAT TAG TGA CGA CGG AGT G-3'

[LIP npoBoauTcst B 25 MKJI pacTBOpa, COIEPKAILIETO 3apaHee MOATrOTOBICHHBIE MaTPULBI-IIA0IOHBI
JTHK (5 mxn meounmennoro pacrsopa JTHK), 50 mmons KC1, 10 mmomas Tris (pH 8,2), 2,5 mMoinb
MgCls, 200 mMois kaxaoro koukperaoro Buaa dANTP, 250 Hr kaxa0ro KOHKpeTHOTro Tpaiimepa u 1 U
Taq DNA nonumepasbl (QBiogene?). ITocne nenarypanuu npu 94 °C B TedeHHE 5 MMHYT MPOLIECC
noBTopsiercs B TeueHue 25 uukios (94 °C B reuenue 30 cexynn, 64 °C B reuenue 1 munyTtsl u 72 °C B
TeueHue | MUHYTHI) C OKOHYATEIHbHOU BEIACPkKKOH TIpH 72 °C B TeUCHUE 5 MUHYT.

Beuny Ttoro, uro cemeiictBo careummTHbix JHK cocTouT w©3 MNOBTOPSIOMIMXCS OTPE3KOB,
CTPYIIMPOBaHHEIX B caBoennbie psasl (Tarés etal., 1993), aMmmmpukaiyio mociea0BaTelIbHOCTH
MYJIBTUMEPOB, cOCTOAIMX U3 160 OCHOBHBIX Map MOHOMEPOB, moay4aioT B pesynsrate [IIP c
ucnonszoBanueM JJHK B. xylophilus B kadectse mabiona. M HaobopoT, B ciydyae mpouux BUAOB poja
Bursaphelenchus ammmmbukanms He HabIOAa€TCS, UTO Ja€T MIPOCTOM M HANEKHBIN CITOCOO TTONyUSHHS
OJTHO3HAYHO TIOJIOKHTEIILHOT0 MO0 oTpHLaTenbsHOro pesyibrara Ha B. xylophilus (Castagnone et al.,
2005).

4.2.3 Meton IILP B pe:xume peajibHOr0 BpeMeHH

Meton IIIIP B pexumMe peaabHOTO BpPEMEHH MOXKET TPUMEHATHCA T HACHTH(UKAINH
uernocpeacteerno B. xylophilus. Kak mpasuimo, aToT MeTo TecTrpoBaHus 6ojice TOYHBIN U TpeOyeT

MEHbIIIE BPEMEHH 110 CPaBHEHUIO C TpaAULIMOHHBIMU MeToAamu [I11P, onucanusiMu B paszaenax 4.2.1 u
4.2.2.

4.2.3.1 Memoo III[P ¢ pesicume peanvnozo epemenu 01 HOC1E006AMETbHOCHENl CAMenTUmHbIX
JHK

VunteiBaromuii  BHUIOBBIE 0coOeHHOCTH MeTon ompenenenus B. xylophilus ¢ wucmonp3oBanmem
nocnenoBatenbHocTel carerumTHeIX JIHK 0but omucan ®@pancya (Frangois et al. (2007)). Otot metox
o0JamaeT BBICOKOM UyBCTBHTEIHHOCTHIO M TMO3BOJSAET peructpupoBarh oT 1 nr renomuoit JHK u
OT/IeIbHBbIE 0COOM HEMaToJ B CMEIIaHHBIX 00pa3nax, B KOoTopbix momumo B. xylophilus maxomsrcs
osmskue Buabsl B. mucronatus ¢ morpemHocthio, coorBercTBeHHO 0,01% u 1%. DTOT MeTon Takke
no3BoJIsieT onpeenaTh Hannuue B. xylophilus menmocpeacteerno B 100-Mr 06pasiax ApeBECHHEL.
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JHK Bblensiercss U3 OTAEIBHBIX HEMATOJ, B3SThIX M3 YHUCTBIX KYJIBTYpP C MHCIOJIb30BaHHEM
YIPOILCHHBIX TMPOIEAYp, Kak ommchiBaiock paHee (Castagnone etal., 2005), ¢ He3HAUUTENBHBIMH
U3MECHEHUSIMU: O0BEM HCIONb3yeMOoro Oy(epHOro pacrsopa [yl JIM3UCa KJIETOK HE SBIISIETCS
MTOCTOSTHHBIM, a 3aBUCHUT OT YHciia HeMaTos (T.e. 3 MKJI 1 1-4 HemaTtox u 20 MKJT 17151 OOJIBIIETO YHCa).

Brinenenne JJHK u3 npesecunsl, 3apaxxennoit B. xylophilus, Bemmonnsercs ¢ ucnons3oBannem Habopa
1 reHHoro ananmmsa pactenumii ChargeSwitch (Invitrogent). TlpuGmusutensro 0,1 T 3apaeHHOM
JpEeBECHHbl Hape3aeTcsi HeOONBIIMMH KyCOYKaMH W TOMEINAeTCS B IUIACTUKOBBIM MakeT C S5 M
OydepHoro pactBopa ais smsuca kierok CST, conepxarniero 1% noauBHHUIMUPpOIHAOHA 1 20 MMOITH
xJyiopuza Kanblus. OOpasipl ciierka pa3MallblBatOTCs ¢ UCIIOJIb30BaHUEM MOJIOTKA, II0CiIe 0TOUpaeTcs
1 mn nu3ara u 00pabaThIBacTCA COTJIACHO MHCTPYKLMSIM mpousBoauTens. 100 Mk nonenuncynbdata
HaTpHsl 100aBIISIETCs B JIM3aT, KOTOPBIN MOCIEe 3TOTO BBLACPKUBACTCS IPU KOMHATHON TeMIIepaType B
TE€YeHHe 5 MUHYT, 3aTeM B Hero fnobasisercs 400 Mk OydepHOro pacTBOpa ISl OCaXACHUS U CMECh
HeHTpuyrupyercs Ha MakKCUMabHOH ckopocTH (mpubnusutensHo 18 000g) B Teuenune 5 muHyT. [0
1 M Hamocamo4HOW KMAKOCTH YAalseTrcs M B HaJOCaJAO0UHYIO KHIKOCTh gobOapisercs 100 Mk
ounmaromero cpeacrtsa CST u 40 mmons kpymurok CST. IIpo6oor6oprauk PickPen 8-M (Bio-Nobile!)
HCITOJIB3YETCSI BO BpeMs IBYXATAITHOTO Tporecca oummeHnns kpynmuHok CST wu ces3annoit JIHK (Ha
KaXIoM 3Tane ucnons3yercss 1| mu Oydepnoro unctsmero pactBopa CST) u noGasnenust 150 mkn
Oydepnoro smrozuonHoro CST pactBopa B 2,2-MJ IJIaHLIET ¢ TIIyOOKMMH JyHKamu. B pesynbTare
9TOrO yransoTcs MarautHele yacTuisl. JJHK m3ydaercs nememnenno nubo xpanutes npu -20 °C mis
OyIyIINX UCCIICOBaHUH.

B sTOM MeTO/I€ UCTIONIB3YIOTCS CIIENYIOIINE OCHOBHBIE MpaiiMepsl U 30H1 TagMan:
BsatF: 5-TGA CGG AGT GAA TTG ACA AGA CA-3'

BSatRV: 5-AAG CTG AAA CTT GCC ATG CTA AA-3'

dayopecuenTHbie 301161 TagMan BSatS: 5'-FAM-ACA CCATTC GAAAGC TAATCG CCT
GAG A-TAMRA-3'

[ILIP npoBoaar B cymmapHOM 0o0BbeMe pacTBopa 25 MK, comepxameM | mxi renomuoit JJHK. s
Ka)XI0# peakimu tpedyercs 2,5 MK OydepHOro pactBopa st peakiuu kKoHuenrpammeii 10x (QPCR
CoreKit, Eurogentec?), 5 mmons MgCl,, 200 mxmons kaxmoro suga dNTP, 0,5 U Taq nomumepasst
(qPCR Core Kit), mo 200 mmonb mpaiivepa u 3oHma. Hccnenosanus TP B pexuMe peaqbHOrO
BpeMeHM MpoBoasTcs B Tepmoumkiaepe DNA Engine Opticon 2 (MJ Research?). [lapamerpbl nukina:
95 °C B reuenue 10 munyT, nanee —30 uukioB kaxaei mpu 95 °C B reuenue 15 cexynn u mpu 59 °C B
teuenne 30 cexyna. JlanHble aHanusupyoTcs ¢ nomoinsio [0 Opticon 2 Monitor Bepeus 3.1% npu
COOJIIOJICHNM WHCTPYKUUM TNPOU3BOAUTENS. BBITSHKKM HCCIEOYIOTCS Hepa3BeJACHHBIMH MU
pasBeneHHBIMU B Tiporiopimu 1:10 B 6e3HyKII€a3HOM BOME.

Hccnenoanme o0pasIoB apeBecHHBI ¢ oMoIbio T11[P B pexxnmMe peaabHOTO BPEMEHH BBITIOHSICTCS
na mukiepe SmartCycler 11 (Cepheidt). Jlns xaxnoi peakuum tpeGyercs 0,025 U/mxn Hot Taq
(Biogenet), 1 6ydepnsbriit pactBop aist TP, 0,2 mmons ANTP kaxmoro Buaa, 5,5 mmons MgCl,, 5%
Tperano3sl (Bec/o0vem), mo 300 HMonb mpaiiMepa kKaxaoro Buaa u 100 amons 3o0Haa. [lapameTps
rmkia; 95 °C B reuenue 10 MunyT, 3aTeM 40 IBYXdTaHBIX MUKIOB: pu 95 °C B Teuenue 15 cekyHn u
npu 60°C B Teuenume 1 muHyThl. [lonmydeHHBIE NaHHBIE aHAIM3HPYIOTCS C MOMOIIBIO 0a30BBIX
ycranoBok B 10 SmartCycler II' (30 nroMuHeCUMPYIOIMX €IMHHUI). BBITSHKKM HMCCIELYOTCS
HEpa3BeICHHBIMH WIIM pa3BeIeHHBIMH B Tiporopiiny 1:10 B 6e3HyKIIca3HOM BOIE.

4.2.3.2 Memoo III[P ¢ pesxicume peanvHo20 6pemeHuU 01 OnpeoeneHus HYKAeOMUOHOU 2eHHOI
nocneoosamenvrocmu muna hsp70

Merop IT1P B pexxume peanbHOT0 BpeMEHHU, OCHOBAaHHBIH Ha OeJike reHa terioBoro moka (hsp70), Obut
paspadoran JInnom (Leal et al. (2007)). Drot MeTox mokasan cBot0 3G(HEKTHBHOCTD ISl ONPENICIICHUS
B. xylophilus (om Obum mposepen Ha 5 wmzomstax B. xylophilus). TIpu sToM He HabIIOmANIOCH
amruuduKanuu s 7 HeneneBbix Bumos Bursaphelenchus. 9tor meron ITLP, ocHoBaHHEI Ha Oeike
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reHa TemioBoro moka hsp70, o6amaer JOCTaTOYHON YyBCTBUTELHOCTRIO IS ONIPEACIICHHS HE MEHEE
0,005 ur renomuoii JIHK B. xylophilus , a Taxske JTHK, BbieneHHOM U3 eAMHUYHBIX 0COOSH HEMATOI.

Hns einenenus JTHK npumensietcs meron, pazpaboranssiii byprepmeiicrepom (Burgermeister et al.
(2005)), co crenyronMu H3MeHEHHAMHE: 1). BBIIEpKKa 00pasiia roMoreHaTa npou3Boautes npu 56 °C
B TeueHue Houu BMecTo 3 yacoB; 2) PHK B kauecTBe nepeHocUrKa UCIIOIb3YETCs TOJIBKO TOT/A, KOrAa
JTHK BbIzenseTcs u3 eIMHINYHBIX 0co0ei HemaTo; 3) amroupyromiuii 6ydep (10 mmoms 3-HCI, pH 8,0)
HAaHOCHTCSI Ha MEMOpaHy MHHHU-KOJIOHHBI W BBIICP)KHMBAaeTCI B TEUCHHWE S5 MHUHYT Mepen
ueHTpudyrupoanuem s smonposanus oopasina JAHK; 4) sermsokku JIHK Harpesatores g0 55 °C B
TE4eHHE 5 MHUHYT AJs yJaJeHHs] OCTaTOUHOI'O 3TaHOJIA, KOTOPbI BIOCIEICTBUU MOKET MOBIMATH Ha
npouecc u3MepeHus: kadecrsa M konmudectsa JHK u ammnuduxanum Bo Bpems [ILIP; 5) oOpasubt
AmroUpyrOT B 30 MK (JUIs OTAENBHBIX 0cobel HemaToa) u 50 MK (171 00pa3ioB, coaepKaIumx ooee
1 ocobu HemaToHI).

B stomM MmeToze ucmonb3yloTcs ciemyromue mpadMepsl W 30HA TagMan (mOACTpOYHBINA CHUMBOJ
03HayJaeT 3a0JI0KNPOBAHHBIE HYKJIEMHOBBIE KUCIIOTHI):

BXLNAF: 5-TAA GAT GTc TTT tAc AGA TGc CAAG-3'
BXLNAR: 5’-GCc TGG ACG AcC TTG AAT-3'

3oua TagMan c¢ aBoiinoit metkoit BXLNAP: 5'-FAM-ALT GgC CGC AAA TtC GaT GAa CC-
IAbIKFQ-3 '

[P npoBomutcs B 20 MKiI 00beMa PeaKIIMOHHOTO PAcTBOpa, COAEPKALIET0 5 MKJI MaTpHUIbI-IIIa0I0Ha
JHK, 50 mmozs Tris (pH 8,3), 0,25 mr/mit HeaneTnimpoBaHHOTO anboymMuHa Obrabeii cbiBopoTkH (BSA)
(Sigma?), 0,1 mxmomns 30813, 0,7 MKMOJIL TIEpBHYHOTO mpaiimepa, 0,5 MKMoIb o6paTHOro mpaiiMepa,
0,4 mmois kaxnoro uga ANTP (Roche?), 5,0 mmons MgCl, u 1,0 U FastStart Tagq nonumepassr JIHK
(Roche!). Ammndukamus nposogurcst B Tepmonmknepe LightCycler 1.5 (Roche Diagnostics!) npu
CJIeTYIOIINX TIapaMeTpax: epBoHadanbHas neHatypanus u aktusanus JJHK mommmepassr FastStart Taq
(Roche Diagnostics?) mposomutcst npu 95 °C B Teuenne 10 MmHYT, 3aTeM B TedeHHE 45 LUKIOB,
BKJItOUas AeHaTypauuio rnpu 94 °C B TeueHue 5 cekyH, AeHatypauuto npu 62 °C B Teuenne 20 cekyH[
u BeIepkKy mipu 72 °C B Teuenne 10 cexyna. [lonyuyeHHble JaHHBIE aHATM3HUPYIOTCSA ¢ momolbko 110
LightCycler Bepcun 3.5,

Jns rapanTun kayectBa ouniiieHHor reHoMHou JIHK HemaTo b1, HCIONb3yeMoi B 3TOM TECTUPOBAHUH,
aMITuUKaisa ¢ KOHTpONbHBIMH Tmpaiimepamu ITS1-F m ITS2-R (mpaiimepsl, omnucaHHBIE B
paznene 4.2.1) mpoBoguTcs ¢ momonibio TpagumuonHoro II[P-meroma. 25 MK peakiiMOHHON cMecH
i TIHP cocrost u3 5 Mk Marpunsl-madiaoHa, 2,5 Mxia OydepHoro pactBopa ¢ 10-kpaTHoi
konnenTparmeii (50 mmonas 3-HCI, 10 mmons KCI, 5 mmons (NH4)2SOs; pH 8,3), 1,5 mmomns MgCly,
1 MKMOJIIb KaXIOTO BHJIA mpaiimepa, 1,6 Mxr BSA, 0,2 mmons kaxaoro Buga dNTP u 1 U FastStart Taq
nommepassl JIHK (Rochet). TlapaMeTphl uK/Ia BKIIOYAIOT IEPBOHAYANIBHYIO JIeHaTypaluo npu 94 °C
B T€UCHHE 5 MUHYT, 3aTeM 40 ITUKIIOB, BKIIOYArONX HarpeB 10 94 °C B Teuenne 1 MunyTH, 10 55 °C B
teueHue | MuHyTH 1 110 72 °C B TeueHNEe 2 MUHYT ¢ OKOHYATEIHLHOU BBRIIEPKKOM ITpHu 72 °C B TeUCHHE
5 MUHYT.

4.2.4 PHK-moJs1exy/sipHOe TeCTUPOBAaHME 1JIS1 ONpeleIeHUs JKUBBIX
Bursaphelenchus xylophilus

Hwxeonrcannple TeCThl MpeIHa3HAYECHBI T ONPEACICHUs JIUIIb )KUBBIX HeMaToJ. Bo3MoskeH BBIOOD
mexay tpaguumonHor TP u meromom [P ¢ mpumeneHmeM oOpaTHOrO TPaHCKPHOMPOBAaHUS B
pexume peansHoro Bpemern (OT-T1LIP).

4.2.4.1 Tpaouyuonnwtii OT-III[P-memoo ons onpedenenusn hsp70 ompesxa /[HK

Tpamguimonneii  meroq OT-TIIP  mms  BeisBiaeHust kuBeIx  B. xylophilus, ocHoBauubIf Ha
uneHtupukamuu orpeska hsp70 renoma, Obur ommcan Jlumom (Leal etal. (2013)). Ilpu stom
MCCIICIOBAaHUH TIPSIMBIE U OOpaTHbIC MpaiiMephl PacloIaralnTcs Ha OAHON U3 CTOpoH MHTpoHA hsp70
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TakuM 00pa3om, uto reHoMHy0 JJTHK MoxHO nerko otnuduth oT komruieMentapHoi JIHK mo mpmuae
aMIUTMKOHA. Pe3ylbTaTUBHOCTH 3TOT0 METOJIa TECTHPOBAaHUs ObLIa OIICHCHA Ha 6 HEIENEBBIX BUAAX
poma Bursaphelenchus u 6 wmsomnsrax suma B. xylophilus. Tlpemen 4yBCTBHTENBHOCTH 3TOTO METOMAA
coctarisieT 0,4 HEMATOBI HA PEAKIHIO, YTO OBUIO MOATBEPKIACHO 3 MOBTOPHBIMH HUCCICIOBAHUSIMHE C
MOJIOKUTENIEHBIMH PE3YIbTaTaMHU.

PHK u renomnas JIHK BeizensroTcs kak muanmyMm u3 20 Hemaron. OnHoBpemenHoe Boiaenerne PHK
u renomuoii JIHK ocymmectensercs ¢ nomopsio Tect-Habopa AllPrep DNA/RNA Mini Kit (Qiagen') B
COOTBETCTBHHU C MHCTPYKIMEH MPOU3BOAMUTEINS CO CICAYIONIMMHU N3MCHEHHSIMU: JUCKH ¢ HEMATOJAMH,
xpanumrecs mpu -80 °C, u3aMenpuaroTcs ¢ momonrsio nectruka Kontes Pellet Pestle kommamuu "Kimble
Chase Life Science and Research Products"?, u x kaxaomy aucky ¢ Hematogamu no6asnsercsa 350 MK
Oydeproro pactsopa s nmsuca kinetok RLT (u3 skcrpakrtusHoro naGopa Qiagen'). Ilpomecc
TOMOTEHHM3AIINN OCYIIECTBIAETC ¢ wucmonb3oBanneMm ammapata QIAshredder Mini Spin Columns
(Qiagent). PHK »/1roMpyrOT M3 KOJIOHHBI C UCTIONb30BanueM 20 MK 6e3pubonykieasHoit Boasl, a JJHK
amoupyeTrcs ¢ ucmosb3oBanneM S50 MKy 3apaHee moporperoro OydepHoro pactBopa EB (u3
SKCTpakTHBHOro Habopa Qiagen?). DmroaT MoKeT OCTaBaThCA Ha MeMOpaHAX KOJOHH alnapaTra OKOJIO
3 MUHYT JUII MAKCHMAJTBHOTO DITIOUPOBAHUS 32 OJIHO IIEHTpU(YyTUpOBaHHE.

Ipaiimepsr ms B. xylophilus, ucmoms3yemele B 3TOM TeCTHPOBaHWH, YKa3aHBI HHYKE, a aMIUIMKOH,
MTOJIYICHHBIN U3 KOMITIeMeHTapHOU MaTpuIlpl-tradnona JIHK, cocTamsier 473 oCHOBHBIE TTapHI:

Hsp23F1: 5'-ACC CAAGTT TGAGTT GTATTG TTT-3'
Hsp19R2: 5'-ACG GTA ACA ACG GCATCCT-3'

Crenyrolye KOHTPOJIbHBIE IIpaliMephl B3aUMOAEHCTBYIOT C T€HOM aKTMHA U MOTYT OBITh JOOaBJICHBI
U o0ecrieueHus] pe3yIbTaTUBHOCTH TECTHPOBAaHUs MPU HCCIECIOBAHUHM W30JUPOBAHHONW T'€HOMHOMN
JHK. C nomouipio 3THX npaiMepoB MOTy4yaeTcsl aMIUIMKOH U3 228 6a30BBIX Map:

BxACtF3: 5-TCG TCA CCA ACT GGG ATG ATA-3'
BxActR3: 5'-CAC CAG TGG TAC GAC CG-3'

IIpumensiercs aByxdtanmubeii mpotokona OT-IILP. Peakmus OT 3aBepmiaercs ¢ HCHOIL30BaHHEM
CHHTe3-Ha0opa IUIsl TpaHCKpuOupoBaHusi nepBoid HuTH KomiuiementapHoid JHK Transcriptor First
Strand cDNA (Roche Diagnostics!) ¢ npumenenrem npotokona no omurodukcuposanaomy (dT)18
npaiimepy. ns cunteza kommiementapHoit [JHK B kauecTBe cTapTOBOro marepuaia MCIOIb3YeTCs
12 mxn PHK. Taxke BKIIOYEH NpEANIONKECHHBIH TNPOU3BOIUTENEM Habopa HeoOs3aTeNbHBIA 3Tal
nenarypaunun PHK u npaiimepoB npu temmneparype 65 °C B Teuenune 10 MHUHYT mpH MOCIEIYIOMEM
PE3KOM OXJIaKICHHM Ha Jbay. [locie 3aBepuieHus cuHTe3a komiuieMeHTapHou JIHK ee oOpasiisl
xpanstes npu -20 °C ai1st mociaeyonero CToIb30BaHus B KaUeCTBE MaTPHLIBI-IIA0IOHA.

25 wmxu TP pacrBopa conmepxar 2 Mka kommuiemMentapHod JIHK B kadecTBe MaTpuibl-1a0iiona,
19 mxn 6ydeproro pacteopa mis [P GoTaq Flexi PCR (Promegal), 1,5 mmons MgCly, 0,20 Mmons
xaxaoro Buga ANTP (Roche Diagnosticst), 1,25 U nonumepassl JIHK GoTaq Flexi DNA Polymerase
(Promegal) u 0,4 Mxmons kaxkmoro Buaa mpaiimepa (Hsp23F1 m Hspl9R2). Ammmduxanms
MPOBOAMTCS MPH CICAYIOMINX apaMeTpax LUKIa: IepBOHAYaIbHas feHaTtypamus npu 95 °C B TeueHue
5 MHHYT, 32 KOTOPOH clenyloT 35 HUKIOB aMIUTH(PUKALINH, COCTOSIIUX U3 AeHaTypanuu npu 95 °C B
teuenne 30 cexkyHnu, penarypaiuu npu 60 °C B teuenue 30 cekyHn, ormycka mpu /2 °C B TedeHue
1 MUHYTBI U OKOHYATETHHOW d3moHTanuu mpu 72 °C B TeueHue 5 MuHyT. llpm ammmudwuxammm c
KOHTPOJIbHBIMH TIpaiimepamu 25 Mkia pactBopa IILIP xapakTepusyroTcss TeMH K€ IapaMeTpaMu, 4To
OIIMCaHBI BBIIIE, 32 UCKIIIOYEHUEM TOTO, 4TO Mcronb3yioTes 1 min remomuoit JJHK (40 ng/ul) u o
1 mxmonp kaxgoro Buma mnpaiimepa (BxActF3 m BxActR). Ammmdukaiuss mpoBOAWTCS IpH
CIEAYIOMIMX MapaMeTpax LUKJIa: NepBOHAYajbHas JIeHarypauus npu 95 °C B TedueHHe 5 MHUHYT, 3a
KOTOpoii cinenytoT 35 uuknoB (mipu 95 °C B Teuenue 30 cexynn, npu 52 °C B reuenue 30 ceKyHA U IpU
72 °C B TeueHue | MUHYTBI), U OKOHYATEIbHAS MOHTaIHs TpH 72 °C B TCUCHUE 5 MUHYT.
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4.2.4.2 Memoo OT-IIIIP ¢ pesxcume peaivHo2o eépemenu 0aa nociredoeamenvnocmu hsp70
komnaemenmapnoit IHK

ITIpumenenne metona SYBR Green OT-IILIP B pexxumMe peabHOTO BpEMEHH Tt 00HAPYKESHHS KUBBIX
B. xylophilus wuckmrounTenpHo myTeM oOmpeneNeHus NPHCYTCTBUS TocienoBaTensbHocTn hsp70 B
mutoxoHnpuonansHoit JJHK B kauecTBe Hajme:kHoro mapkepa Obuio ommcano Jlumom (Leal etal.
(2013)). C momompl0 3TOrO MeTOmA OHpenensercss crelupuyueckas amiumMpuKanus o0paTHO
TpaHCKpHOMpOBaHHOH mocienoBaTeasHocTr hsp70 xommiementapuoit JJHK B. xylophilus, Tak xak
oOpaTHBI TpaiiMep 3aBOpauMBacTCd Ha O3K30H-UHTPOHHOM CTBHIKE, MpEKpamias TeM CaMbIM
ammmuduuupoBanHoit reHomHo# JIHK. Ero u3bupartensHoCTs ObUIa MpoBEepeHa Ha 6 HEeLleNeBhIX BUAaX
Bursaphelenchus u 6 uszonstax B. xylophilus. TIpeaen uyBCTBUTEIBHOCTH 3TOr0 METOAA COCTABIISIET
0,25 Hemarompl Ha pEaKIUIO, YTO OBLIO IIOATBEPKIACHO 3 TIOBTOPHBIMH HCCJCIOBAHUSIMH C
MIOJIOKHUTENbHBIMU PE3yJIbTaTaMH.

IIpotokon mis ognoBpeMenHoro BoiaeneHuss PHK u renomuoit [JHK BeIrmsouT Tak ke, Kak U npu
npuMeHeHuH Tpagunuonnoro metoaa 1P (pazgen 4.2.4.1).

[Ipaiimepsl, UCTIONB3yEMBIE ITPU ITOM TECTHPOBAHUU!
HspexF3: 5'-AGA ACC ACT CCC TCG TAT GTC-3'

HspexR3: 5'-TCA AAC GCT TGG CAT CAA-3'

i mpoBepKH KOPPEKTHOCTU TECTUPOBAaHMs Ui BHYTPEHHEIO KOHTPOJS MOTYT J00aBIISTHCS
CleyIoIne IpaiMepsbl:

BxACtF3: 5-TCG TCA CCA ACT GGG ATG ATA-3'
BxACtR3: 5'-CAC CAG TGG TAC GAC CG-3'

[Ipumensiercs aByxatanHelid nmpotokona OT-TIIP u cunte3 xommnementaproi JIHK npoBoguresa tak
xe, Kak 1 ipu TpaguumnonHoM [TLP-metone (paznen 4.2.4.1), 3a HCKIIOUEHUEM TOTO, YTO MPUMEHSIETCS
6o onurodukcuposannsbiii (dT)18 npaiimep, aub0 mpaiiMep, crienuGUUHBIN K IOCISI0BATSILHOCTH
(HspexR3). ITocite 3aBepiienus cunte3a komiuieMentaproi JJHK ee o6pasibl xpanstces npu -20 °C mist
MOCJIEAYIOUIEr0 UCTIONB30BaHUs B KAYECTBE MAaTPHUIIBI-IIA0JIOHA.

20 MK peaknuoHHOTO pactBopa st 1P cocTosaT U3 5 MK MaTpHUIIBI-TA0I0HAa KOMITJIEMEHTApHOMH
JHK (pa3senenno#t B nponopuuu 1:10 B 10 mmomns Tris, pH 8,0), 0,6 MkMonpb mpsiMoro mpaiiMepa
(HspexF3), 0,4 mxmois oopatHoro npaiimepa (HspexR3) u 4 mxin pearenta 5% LightCycler FastStart
DNA MasterPLUS SYBR Green 1 Mix (Roche Diagnostics?!). AMmnudukanus B pexxuMe peanbHOro
BpeMenM npoBoxutcs B anmapare LightCycler 2.0 (Roche Diagnostics!) ¢ mpumenennem I10
LightCycler Bepcun 4.1 ipu cnemyromux napamMeTpax IUKIa: NEPBUYHAS JIEHATYPALUS U AKTHBALHUS
mipu 95 °C B Teuenne 10 MuHyT, mocie koTopoit crneayroT 40 mukios (mpu 95 °C B Teuenne 15 cexyH,
npu 66 °C B teuenue 10 cekynn m mpu 72 °C B Teuenme 15 cexynn). Ilpu ammumdukanmm c
KOHTPOJIbHBIMU TIpaiiMepamu 20 mxn pactBopa IILIP XapakTepusyroTcs TeMH ke mapaMeTpaMH, 4To
OIKCAaHbI BhIIIE, 33 UCKJIIOYEHUEM TOI'O, YTO UCIOJIB3YyI0TCA 10 0,5 MKMOJIb KaXI0ro BHJa IpaiiMepa
(BxActF3 u BxActR). AMmmmndukamnusi TpoBOIUTCS MPH CIASAYIOMHUX MapaMeTpax IUKJa: epBUIHAs
neHatypauus 1 aktuBanus npu 95 °C B reuenue 10 MUHYT, 32 KOTOpO# cienytot 45 nukios (mpu 95 °C
B TeueHue 15 cexyna, npu 52 °C B Teuenne 10 cekyna u npu 72 °C B Teuenue 15 cekyHn).

4.2.5 Mertoj netJieBoii nzorepmuveckoii amminpukanuu (LAMP)

Merton seisBiienus B. xylophilus B o6pasuax apesecunst 6511 omucan Kukyun (Kikuchi et al. (2009)).
DTH aBTOpBI pa3paboTanid METOJ s YCKOPEHHOro u Oosiee TouHoro BeisBieHust B. xylophilus mo
cpaBHeHHUIO ¢ MeTogoM TagMan B TTL[P B pexxiMe peaabHOrO BPEMEHH, TAKKe pa3pabOTaHHBIM 3THM
KOJUTIEKTUBOM. M30upaTenbHOCTh AeHCTBUS MpaiiMepoB u MeToma LAMP 6rpita nmposepena Ha JJHK,
BBIJICIICHHOM U3 MaTepuasa HeleaeBoi rpynmel: 10 pa3iuyHbIX BUIOB HEMATO, OTHOCSIIIUXCS K POLY
B. xylophilus, 6 HeneneBbix pomoB Hemaron, a Takxke BuaoB P. thunbergii, P. densiflora u B. fuckeliana.
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UysctBuTenpbHOCTE MeTona LAMP Obuta ycranoBiena Ha ypoBHe 10 xomuit mieneBoro rera (ITS) u
2,5 x 107 HeMaTOIbI, OTAEIEHHON OT YHCTON KyJIBETYpPHI.

OO6pa3np! apeBecuHbl (U TecTHpoBaHus TpeOyeTcs okoso 0,12 T qpeBecHHBI) BBIIEPKHUBAIOT MPH
55°C B Tteuenme 20 mmuyT B 800 MK OydepHOTro pacTBOpa ISl IKCTPAKITUH, COICPIKAIIETO
nporennasy-K u qutuorpeiiron, Bxoasamux B Habop no onpenencuuio B. xylophilus (Nippon Genel), 3a
KOTOpBIM ciiefyeT Beiaepxka npu 95 °C B Teyenne 10 MUHYT.

B atom meTone mpumenstores cieayromue LAMP mpaiimepsr:
ITS(1D19) F3: 5'-GCA GAA ACG CCG ACT TGT-3'

ITS(ID19) B3: 5-TCA TCC GAACGT CCC TGAC-3'

ITS(ID19) FIP: 5'-CGC GGA ACA AAC CGC GTAAAAC-CGTTGTGACAGTCGTCTC
G-3'

ITS(ID19) BIP: 5'-AGA GGG CTT CGT GCT CGA TTG GCC GTT GAA ACA ACA TCA
CC-3'

ITS(ID19) LF: 5-AGA TGG TGC CTAACATTG CG-3'

Peaxiuss LAMP npoBOAMTCS B COOTBETCTBHMH C alroputMoM, paspaboranasiM Hotomu (Notomi et al.
(2000)) ¢ mpumenennem Hadopa st ammudukammu JJHK Loopamp DNA Amplification Kit (Eiken
Chemical'). 25 Mk peakumoHHOM cMecH coep)uT 2 MK Boienennoi JIHK, 5 nMonb Kakaoro u3
npaitmepoB F3 u B3, 40 nmons kaxxaoro u3 npaitmepos FIP u BIP, 20 mmois npaiimepa LF, 12,5 Mk
peaKIMOHHOM cMecH KoHIeHTparuen 2x, 1 Mk Bst momumepassr JIHK u 1 M durroopeciupyromero
pearenta (Eiken Chemical'). Peakunonnas cmech Bbinepxkupaetcs npu 63 °C ot 60 g0 120 MuHyT 1
mporrecc 3aBepinaetcs Beinepkkoit mpu 80 °C B Teuenue 2 MuHyT. LAMP-aMITTMKOHBI peTUCTPHPYIOTCS
10 M3MEHEHHIO I[BETa PacTBOPA B yIbTPA(UOIETOBOM CBETE.

Hanwune aMImInKoOHOB MOYKHO TaKKe YCTAHOBUTH C TTOMOIIIBIO CHCTEMBI OIIPEIENIEHNUs C TPUMEHEHUEM
30H10B. s LAMP-peakuun ucnosib3yercs 5'- OHOTHHHINPOBaHHAs (hopMa MPSMOTO BHYTPEHHETO
npaimMepa. Ilocne  mposemenus  LAMP-peaxmun 10  Mkn  30HIa, IIOMEYEHHOI0
¢bnyopecumunzorronnanarom (10 mmons/miit; 5'-GGC GAG AGG GCT TCG TGC TCG ATT GTC
GTG C-3'), mpegHa3sHAa4eHHOTO I TPUCOCAWHEHHMS K BHYTPEHHHM CEKTOpaM  II€JeBOi
MIOCJIEeIOBATEILHOCTH, T0OABIISETCS B PEaKIIMOHHYIO CMECh, KOTOpask 3aTeM BhlliepkuBaeTcs mpu 95 °C
B TCUCHHE 5 MHHYT, 3aTeéM MEIJICHHO oxjaxmaercs no 25 °C. PeakimoHHas cMech pa30aBiseTcs
100 mxn snextpoxnHoro Oydepa (Oydepusiii hocdaTHblil paccon, comepxamuii 3% noaucopbara) u
HAaHOCUTCA HENOCPEACTBEHHO Ha mojocku HybriDetect (Milenia Biotec!) B coorsercTBHM ¢
uHCTpyKIMsiMu tipom3Boautens. [lonocku HybriDetect onpenensiror ¢parMeHTHI, copepKaliiie Kak
OMOTHH, TaK ¥ (IyOpPeCUMHU30THOLMAHAT, SBIAIOUINECS IPOIYKTOM CIIeHU(pHUUECKON aMIUTH(UKALIH.
W HaoOopoT, npu HecmerudPUueckoil amMIuiM(UKAlMUd CUTHAjJa Ha YPOBHE TECTOBOM ITOJIOCHI HE
HaOII0JaeTCs.

4.2.6 KoHTpPOJIb B MOJICKYJISIPHBIX HCCJICJOBAHUAX

Hdns  obecrieueHHss AOCTOBEPHOCTH TMOJYYEHHBIX PE3YJIBTATOB HCCIEAOBAaHUNA HEOOXOAUMBI
COOTBETCTBYIOIINE CIIOCOOBI KOHTPOJISL, KOTOPBIE 3aBUCAT OT BWAA HCCIEOOBAaHHS M TPEOYIOMIErocs
ypoBHS goctoBepHocTH. OHH JOMKHBI OBITH  pa3paboTaHBl JUISI  KaXIOW KOHKPETHOM
MI0CJIEJ0BATEIFHOCTH H30IMPOBAHHBIX HYKJIEMHOBBIX KUCIIOT M aMILTU()UKALIMH LIEI€BOI HYKJICHMHOBOM
KHCIIOTBI BpEIHOT0 opranu3ma. IIpu MonekyIsapHbIX TECTaxX KaK MUHUMYM PEKOMEHIYETCSl IPUMEHSTh
TaKUe CPeACTBA KOHTPOJISL, KaK MOJI0KUTEIIbHBIN KOHTPOJIb Ha HYKJIIEHHOBYIO KUCIIOTY, OTPULIATEIbHbINA
KOHTPOJIb Ha aMITTU(QHUKAIHIO (KOHTPOJIb OTCYTCTBHS MATPHIIBI-IIA0IOHA) U, B COOTBETCTBYIOIINX
ciydasx (Harmpumep, Ipu NpsIMOM OOHapY)KEHUH HEMAaTojbl), BHyTpeHHUH KoHTpousb. [Ipun OT-IILIP
(TpazuMIMOHHON WM B PEKUME PEaIbHOTO BPEMEHH) CIIelyeT NPUMEHSTh MTOJOKUTENbHBIH KOHTPOJIb
Ha 00paTHYIO TPAHCKPHUTIIIHIO.
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Ilosi0kMTeNbHBIH KOHTPOJbL HA HAIW4YMe HYKJIEHMHOBOH KMCJIOTBI. OTOT CIIOCOO KOHTPOJIS
MPUMEHSETCS I MOHUTOPHHIA COOTBETCTBHS NIPOBEIEHMS TECTa YCJIOBUAM M IapameTpam
sKcnepuMeHTa. I1010XnuTeIbHBIM KOHTPOJIEM MOKET OBITH JIt00ast HyKJI€MHOBAasl KUCJIOTa, COAEprKaIlas
IIENIEBYIO [TOCTIEI0BATEILHOCTE, & UMEHHO HyKIIeMHOBas kuciora B. xylophilus, mpucyrcreue kotopoit
OBUIO ONpeAesICHO B MPEIbIAYIIEM TECTUPOBAHNY; TIA3MHIA, COEpKallasi KIOHUPOBAaHHYIO LIEJIEBYIO
MOCJIeJ0BAaTENFHOCTD; TpaHCKpuOupoBaHHas B naboparopun PHK; mpoaykt mpeapimymieit peakunu
amruukanuy; cuHTEe3npoBanHas ApyxnenodeyHas JJHK wnmm npoTsokeHHBIH OMTUTOHYKIICOTH].

OTpuIaTeNbHBIIi KOHTPOJIb aMIIM(PUKAIMU (KOHTPOJbL HAa OTCYTCTBHME MATPHMUbI-IIA0I0HA).
Ot1oT KOHTponb HeoOxoamm mpu [ILP nns wckimodeHUs JIOKHOMONOXKHUTENHHOTO TECTUPOBAHUS
BCJICJICTBUE 3arpsA3HCHUs] TNpPU TNPUTOTOBICHUM PEaKUUMOHHONH CcMecH WM HecTenupHIecKon
ammmudukannu. Boma mns IIHP, npennasHaueHHass Ui NPUTOTOBJICHUS PEAKIMOHHOW CMECH,
Jo0aBIsieTCs Ha ATaIe aMILTA(UKAIAH.

Buyrpennnii kouTpoJb. [Ipu tpaguuuonnoi 1P, a taxxe [P B pexxume peanbHOro BpEMEHU U
LAMP-peaknuu a1 UCKJIIOYEHHUS JIOKHOOTpHUIATENbHOTO TecTupoBanus [IIIP BciencTBue
HEBBIJICIICHNST HYKJICHMHOBOW KHCIIOTHI, €€ pa3pylIeHus WU mpucyTcTBus wHruouropos I[P moryT
WCIIOJIb30BAThCSl TAKUE YHIOTCHHBIE CPEACTBA KOHTPOJIS, KaK MpoBepKa Ha Hamuuue otpeska ITS, 18S
pectpukrasznoit PHK, 6eta-axtuna wiu [IOI" reHos.

[pu OT-IIUP nns monarBepkaeHus OTcyTcTBUS 3arpszHenus o6OpasnoB PHK renmomuoit JJHK
KOHTPOJIUPYETCS] OTCYTCTBHE OOpaTHOW TpaHCKpUMNTa3bl. IIpm 3TOM KOHTpOJE HCIONB3YIOTCS BCE
pearertsl gt OT-IILP, 3a uckmoueHueM 3H3uMa OOpaTHOM TpaHCKpunTasbl. lIpum orcyTcTBHM
3arpszHeHust reHoMHoM JIHK 3ToT KOHTpOIIb He JOKeH JaBaTh CUrHAJ MOCTe aMILTU(QHKALNH.

Hdus OT-IILIP B menstx HOATBEP)KIACHUS KOPPEKTHOrO (DYHKUMOHHUPOBAHMS OHH3MMA OOPaTHOM
TPAHCKPHIITa3bl JOJDKEH MPOBOAMTHCS MOJOXKHUTEIBHBIA KOHTPOJb HPUCYTCTBUSL 0OpaTHOH
TpaHCKpunTaspl. [Ipu 3TOM KOHTpOJIE UCIIONB3YIOTCS Bce peareHThl, mpuMensemsle st OT-IILIP, a
takke BoITsDKKa PHK, comepikarast mieneByro mocieaoBaTeIbHOCTh TecTa (Hanpumep, BoITsbkka PHK,
ceTaHHas 1abopaTopHel U paHee MIPOTECTUPOBAHHAS KaK ITOJIOKUTEIbHASL). DTOT KOHTPOJIb TOJDKEH
JaBaTh CUTHAJ IOCIIe aMIUTU(UKAIHH.

I[Ipu npumenennn kak weroma I[I[IP, Tak m wmeroma LAMP tpebyercs mnpuHMMATH MEpHI
NPEOCTOPOKHOCTH BO M30€KaHNE B3aMMHOTO 3arps3HEHHS a3PO30JISIMH MOJIOKUTEIBHBIX KOHTPOJICH
WIN IaBLIMX MTOJIOKHUTENbHBIC PE3yIbTaThl 00Pa3LOB.

4.2.7 TpakroBka pe3yabtaros 1P
4.2.7.1 Tpaouyuonmnwiit memoo II1[P

Tect TP jy1s1 KOHKPETHOTO MATOT€HHOTO MHMKPOOpPraHW3Ma 3aCUUTHIBAETCS JIMIIL B TOM Cllydae,
Korja:

- MTOJIOKUTEIBHBIN KOHTPOJIH TaeT aMIUTHKOHBI O’KHIAEMOTO IS 1IEJICBOM HEMATOABI pa3Mepa;

- OTpUIATETHHBIA KOHTPOJb Ha BBIACIICHNE W OTPUIATEIHHBINA KOHTPOJIh HA aMIUTH(PHUKAIMIO HE
JTAIOT aMILTUKOHOB O’KHUAAEMOTO IS IIeJIeBOM HEMATObI pa3Mepa.

IIpu ucnonp30BaHUM MPaitMEPOB BHYTPEHHETO KOHTPOIIS B CUMIUIEKCHBIX PEAKIUIX MOJI0XKHUTEIbHBIC
KOHTPOJIM, PAaBHO KaK W KaKIBIA TECTUPYEMbIH 00pasell, JOJDKHBI J1aBaTh aMIUIMKOHBI OXHIaeMOTO
pasmepa. [Ipy MyJIBTUIUIEKCHBIX PEAKIMsIX BCE HETAaTHBHBIE O0pPAa3Ilbl JOJDKHBI AaBaTh aMIUTHKOHBI
0’KHMJaeMOT0 pa3Mepbl. B HEKOTOPHIX CIydasx MOJOKUTENbHBIE HA HATHYHE HEMATOABI TPOOBI MOTYT
TaK)Ke 1aBaTh aMIUTHKOHBI OKUIaEMOTO pa3Mepa ¢ mpaiiMepaMy BHYTPEHHET0 KOHTPOJIS.

Tect oOpasma OymeT cUMTAThCA MOJOKUTENBHBIM, €CIIM B pe3ylbTaTe OyJIeT IMONy4eH aMIUIMKOH
MIPaBHIILHOTO pa3Mepa.
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4.2.7.2 ITI]P ¢ pesicume peanbnozo pemeHu

P C3YyJIbTaThbL HHP B PCKUME PCAJIbHOTO BPCMCHHU 3aCHUTBIBAIOTCS JIMIIBL B CICAYIOMIUX ClydasaX:

- MOJIOKHUTENBHBI KOHTPOJb C HCIOJB30BAHMEM CIEHU(PHUUYECKUX Ui LEJIEBOH HEeMaToIbl
npaiiMepoB AaeT KPUBYIO aMILTH(PHUKALINY;

- OTpI/ILIaTeJ'ILHI:If/’I KOHTPOJIb HE 1a€T KPUBYIO aMHHI/I(i)I/IKaLII/II/I.

Ilpu npumeHeHHH TpaliMepOB BHYTPEHHEIO KOHTPOJIA IOJIOKWUTEIbHBIA KOHTPOJb M KaXKIbIH W3
TECTUPYEMBIX 00pa3I[0B JOHKHEI IaTh KPUBYIO aMILTH(UKAIINH.

4.2.8 CekBeHUpPOBaHUE

Heckonbko TeHOMHBIX OTPE3KOB OBUIM HEMOCPEACTBEHHO BBIJICJIICHBI U3 H30JIMPOBAHHBIX HEMATOJ
(omuo#t B mccnemoBannn Wu etal. (2013) wiam MHOMKECTBa, IOJIYYEHHOTO C KYyJABTYp T'pHOOB B
uccinenoBannn Ye etal. (2007)) mis unentuduxammm Buma B. xylophilus u nuddepenumanum
pasnuyHbIX BUAOB poxa Bursaphelenchus. DTtu  oTpesku MOMKHBI comepXaTh BHYTPECHHHE
tpauckpudupyemsie creiicepst (ITS-1, ITS-2, 5.8S) pecrpukraznoit JJTHK (Abelleira et al., 2011; Wu
etal., 2013) wim otpezox D2—D3 rena 28S pecrpukrasuoit PHK (Ye et al., 2007). IeneBoii oTpe3ok
ammmudunupyercss npu [P, a aMIUIMKOHBI CEKBEHUPYIOTCS JMOO HANPsMYIO, JIHOO IMOCie HX
KOITUpOBaHUs. J[aHHBIE CEKBEHUPOBAHUS MOTYT OBITH ITPOAHATN3UPOBAHBI C TIOMOIIBIO MeToa BLAST
(6a30BBIII  MeETOJ TMMOWCKA JIOKAJBHOTO BBIPABHHBAHHS), ONHCAHHE KOTOPOTO  Pa3MEIICHO
HammonaneHeiM  1ieHTpOoM — OmotexHonormueckot wuHpopmanmuu CIHA (NCBI) mo aapecy
http://www.ncbi.nlm.nih.gov/. Ot nanHBIE MOKHO CPaBHHTH C IOCIIEAOBATEIBHOCTAMH I poja
Bursaphelenchus, onucanue xotopeix umeetrcst B 6ase manusix NCBI (Hampumep, HOMepa Jd0CTymna
HQ646254 u KC460340 nns ynomsiHyToro Beimie otpeska ITS u ot AYS08105 no AYS508109 nns
otpeska 28S pPHK).

B cnyuae, ecnu uist rena ITS pacxokIeHHe MapHBIX MMOCIEI0BATEILHOCTEN 00pasiia B CPAaBHEHHH C
HOCJIeI0BaTeIbHOCTIMU M3BecTHOTO Buaa B. xylophilus cocrasisier menee 2%, HO Gonee 2% 1o
CPaBHEHMIO CO BCEMH OCTAlbHBIMH BHAaMH, TO oOpaser maeHTHbuImMpyercs kak B. Xylophilus. B
ciy4ae, eciii Uil reHa 28S pacxXokIeHHE MapHBIX MOCIEI0BATEIbHOCTENH 00paslia B CpAaBHEHHH C
OCJIe0BaTENFHOCTIMU H3BecTHOrO BHaa B. xylophilus cocrasnsier menee 0,5%, no Gonee 0,5% 1o
CPaBHEHMIO CO BCEMH OCTAIbHBIMU BHIAMHM, TO oOpasel naeHTudunupyercs kak B. xylophilus. JTro6s1e
JpyTHeE TMOJYYEeHHbIE PE3yIbTaThl JOJKHBI OBITH MEPENPOBEPEHBI.

Jns nnenTudUKaI BUIOB TAK)KEe MOYKHO UCITOJIB30BaTh 00JIaCTh CYOhe TMHUIIBI | ITUTOXPOMOKCHIA3BI
rera COI. Metoauueckoe pyKOBOJCTBO M CITPaBOUYHast HH()OPMAIIHS 0 MOCIEI0BATEILHOCTAM B3SThI
U3 CIPaBOYHOro Marepuaia (mocnenoparenbHOCTh Q38), moctymHOro mo ccbuike Q-0a3bl TaHHBIX
(http://www.qg-bank.eu/Nematodes/), sxmrouast metor BLAST.

5.  JlaHHBIE

CBHIIETEIIbCTBA U JaHHBIC JOJUKHBI (PUKCHPOBATHCS TaK, KaK 3TO omucaHo B paszeie 2.5 MCDOM 27
(Huacnocmuueckue npomoxonvl 0Jis pecyiupyemvix 6PeOHbIX OPeAHUIMOB).

Ecnu mo pe3ynabTaTtaM AMArHOCTHKHA MOTYT OBITh 3aTPOHYTHI HHTEPECHI APYTUX JIOTOBAPHUBAFOIIHXCSI
CTOPOH, B YaCTHOCTH, B ciydasx HecooTBeTcTBUs (MCDOM 13 (Pyxosodcmeo no Homugukayuu o
Hecoomeemcmsuu u SKCmpeHHom oeticmeuu)), i eciv Bua B. xylophilus 66wt BiepBeie 0OHapykeH B
OIpEe/ICJICHHOM MECTHOCTH, Cleayroiine (akThl, JaHHBIC U JIOMOJHUTEIBHBIA MaTepHal TODKHBI
(DUKCHPOBAaTBCS W XPAHHUTHCA HE MEHEE OJHOrO0 roja TakuM O00pa3oM, 4YTOObI OOCCIICUHUTH
HPOCIICKUBACMOCTD:

- oOpaselr HeMaTo bl B BUJIE TIOCTOSIHHOTO TIpenaparta jJubo 3apuKcupoBaHHbIi B pacTBope TAD
Wi TaMuepune. B ciywasx, xorga B. xylophilus Brepeie oOHapy:kuBaeTcs B TOW HIM MHON
MECTHOCTH, ObIJIO OBI MOJIE3HBIM B IEIAX MATBHEHIIEr0 UCCIICOBAHMS yTH PACTIPOCTPAHEHHS
BBIBECTH KyJIbTYpy uBbIX B. Xylophilus, pasmuosxennbix Ha B. cinerea. O6pasiisl ocobeii n ux
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JAHK Taxske MOTYT MPUTOIUTHCS I MOJICKYJISIPHBIX HCCIIEAOBAaHMA Ha O0Jiee MO3THEM JTarle,
JlaXke B ciry4ae MOp(hOIOTUIECKON UICHTHU(DUKAIIH.

- [Ipu naeHTUGUKAINN C TOMOLIBIO MOJIEKYJISIPHBIX MeTO10B BhiAeneHHas JJHK moxxeT xpaHuTbes
npu temnepatype -20 °C, a Boinenennast PHK — npu remneparype -80 °C.

- Ilpu oOHapyxenun B. xylophilus B npeBecuHe wmim B 1OpeBecHOW NPOIYKIMH, BKIOYAs
yIAaKOBOYHBIC MaTepualbl, BMECTO HH(OpManuu O reorpaduueckoM Mecte oTOopa mpod
(bUKCHPYIOTCS TaHHBIE O TPOMCXOXKICHUH, MaTepuaie (Harmpumep, Kpyriblil Jiec, JepeBsHHAs
yIaKOBKa) ¥ YCIOBUAX BBO3a (HapUMep, OTHOBPEMEHHOE 00HAPYKEHHE KYKOB-TIEPEHOCUUKOB).
Heo0x0auMo y4HuThIBaTh, 4TO MPOUCXOXKICHHE ACPEBSHHON Tapbl HE 003aTEIHLHO COBIAIALT C
npoucxoxaeHreM ToBapa. Cormacio MCDOM 15 (Pykosodcmeo no pe2yiuposanuio OpeecHbix
VRAKOBOUHBIX MAMEPUALOB 8 MENCOVHAPOOHOU MOp20sie), IPEBECHBIC YITAKOBOYHbBIC MAaTEPUAITBI
JOJDKHBI HMMETh MapKUpPOBKY, TJ€ IepBble JBe OYKBbI 0003Ha4yaoT kon ISO crpansl
NPOU3BOJICTBA YITAKOBKH.

6. KoHTakTHbIe agpeca ISl AONOJHUTEIbHOI HHpOpManun

I[OHOJ'IHI/ITCHBHaﬂ I/IH(l)OpMaLII/Iﬂ M0 JaHHOMY OpraHu3My U IIPOTOKOJIY:

Julius Kihn-Institut (JKI), Federal Research Centre for Cultivated Plants, Institute for National and
International Plant Health, Messeweg 11-12, D-38104 Braunschweig, Germany (Thomas
Schroder; e-mail: thomas.schroeder@jki.bund.de).

Technical Center, Ningbo Entry-Exit Inspection and Quarantine Bureau, No. 9 Mayuan Road, Ningbo,
315012 China (Jianfeng Gu; e-mail: jeffgu00@qg.com).

ANSES Plant Health Laboratory, 7 rue Jean Dixméras, 49044 Angers Cedex 01, France (Geraldine
Anthoine; e-mail: geraldine.anthoine@anses.fr).

Canadian Forest Service, 506 West Burnside Road, Victoria, BC V8Z 1M5, Canada (Isabel Leal; e-
mail: ileal@nrcan.gc.ca).

Canadian Food Inspection Agency, 3851 Fallowfield Road, Ottawa, ON K2H 8P9, Canada (Fencheng
Sun; e-mail: sunfc@inspection.gc.ca).

B momonHeHwe K BHIIEYTIOMSHYTHIM 3KcriepTaM B Tabmuie 3 mepedncieHbl perioHaIbHBIE SKCTIEPTHI
0 HEMaTOIaM.

Tabnuua 3. Cnucok pervoHanbHbIX U HauMoHanbHbIX akcnepToB no Bursaphelenchus xylophilus (He siBnsietcs
ncyepnbIBaloLLUM

Mo pernoHy n KoHTakTbl 3KkcnepTa

cTpaHe

Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria,
Adpuka Pretoria 0002, South Africa (Michael J. Wingfield; e-mail:
mike.wingfield@fabi.up.ac.za)

CSIRO Ecosystem Sciences-Black Mountain Laboratories, Clunies Ross Street,

Asctpanus Black Mountain, ACT 2601, Australia (Mike Hodda; e-mail: Mike.Hodda@csiro.au)

Department of Forest Protection, Nanjing Forestry University, No. 159 Longpan

Kuran Road, Nanjing, 210037 China (Boguang Zhao; e-mail: 13505186675@126.com)

Nemalab-ICAM, Departamento Biologia, Universidade de Evora, 7002-554 Evora,

EBponenckui coto3 Portugal (Manuel Mota; e-mail: mmota@uevora.pt)

Forest Pathology Laboratory, Forestry and Forest Products Research Institute,

Anonus Tsukuba, Ibaraki 305-8687, Japan (Mitsuteru Akiba; e-mail: akiban@ffpri.affrc.go.jp)
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Division of Forest Insect Pests and Disease, Korea Forest Research Institute, 207
Cheongnyangni 2-dong, Dongdaemun-gu, Seoul 130-712, Korea (ROK) (Hyerim
Han; e-mail: hrhan@forest.qgo.kr)

Pecny6nuka Kopes
(lOxHas Kopes)

3ampoc Ha MEPEeCMOTP IUArHOCTHYECKOTO IMPOTOKOJIA MOKET OBITh HAmpaBieH HalMOHAIBHBIMU
OopraHu3anmsIMH 10 KapanTtuHy u 3amute pacteHuit (HOK3P), pernoHadbHBEIMH OpraHH3AIUSIMU 110
kapantuHy W 3ammre pacteHuit (POK3P) wmmm BcmomoratenpbHBIMH oOpranamu Komuccuu 1o
¢urocanurapubpiM Mepam (KOM) uepesz Cekperapuatr MKK3P (ippc@fao.org), xotopslii, B cBOO
ouepenb, HANpaBUT €ro B TEXHUYECKYI0 TPYIMIy O3KCIEPTOB MO pa3paboTKe TUATHOCTHYECKHX
nportokonos (TTIT).

7.  BblpaxkeHHe NPU3HATEJbHOCTH

Hacrosmuit quarHocTHdecKuit MpoTokon paspabotamu skcneptel Tomac Ipémep, DemepaabHBIA
HCCIIEIOBATENIbCKUNA IIEHTP KYJIBTYPHBIX pacTeHUil W MHCTUTYT HallMOHAJIBHOM W MEXIYHapOIHOU
OXpaHbl 310pOBbsi pacTeHuid, ['epmanms (cM. mnpeabiaymuii pasgen), JDkepanpauHa AHTyaH,
Jlaboparopust mo oxpane 310poBbs pactenuid, @pannus (Geraldine Anthoine, ANSES Plant Health
Laboratory, France (cMm. mpensiaymmuii pasmen)), Mzabens JInias, Kanamckas nechas ciayxkba, Kanama
(Isabel Leal, Canadian Forest Service, Canada (cm. mpemsimymmii pasmen)), II3sap Denry,
TexHUUECKH LEHTP, UIMIOPTHO-3KCIIOPTHAsI MHCIIEKIUS U KapaHTuHHOe Oropo, Kuraii (Jianfeng Gu,
Technical Center, Ningbo Entry-Exit Inspection and Quarantine Bureau, China (cm. mpemsimyrmmii
pasznen)), ®@enpuen Can, Kanajickas uHCHekims nuineBbix mnpoaykroB, Kanama (Fengcheng Sun,
Canadian Food Inspection Agency, Canada (cM. npeasiayiuii pasaen)).

Bnagumup Taap, [Iuarnocruueckas naboparopusi ['ocyaapcTBeHHOTO yrpaBieHHsT GUTOCAHUTAPHOTO
koHTpoist, Yemickas PecmyOmuka, (Vladimir Gaar, Diagnostic Laboratory, State Phytosanitary
Administration, Czech Republic), u dsua MaxkHamapa, OpBmmit cotpyaamk EOK3P (David
McNamara, formerly EPPO), yuacTBoBaIi Ha paHHUX CTAAUAX pa3pabOTKU MPOTOKOJIA.

Onucanne Metoguku ITS-IIJIP® wusHauansHO noaroroBieHo Bonbdranrom bByprepmaiictepom,
WHCTUTYT BUPYCOJIOTHH pPACTECHHUM, MHKPOOMOJIIOTHHM W OHOJIOrMYecKoi Oe3omacHOCTH, ['epmaHus
(Wolfgang Burgermeister, Institut fir Pflanzenvirologie, Mikrobiologie und Biologische Sicherheit,
JKI, Germany). IlepponauanmpHoe omucanue wMetomuku [Il[P-amammza catemmurHoM JIHK mms
ompenenennst B. xylophilus mpenoctaBneno ®ununmom Kacranpone-Cepeno, ®panrus (Philippe
Castagnone-Sereno, UMR1064 INRA/UNSA/CNRS, Interactions Plantes-Microorganismes et Sante
Vegetale, France).

Texkct HACTOALICTO AUATHOCTUYCCKOI'O IMMPOTOKOJIA YaCTUIHO OCHOBAH Ha TUATrHOCTUYCCKOM MMPOTOKOJIC
EOK3P ans B. xylophilus (EOK3P, 2001, 2013b).

8.  bubamorpadus

B HACTOAIICM HpHJ’IO)KCHI/II/I JCIATCA CCBIJIKHU HaA Me)K,HYHapO,Z[HBIC CTaH,Z[apTLI 10 (bHTOC&HI/ITapHLIM
Mepam (MCOM). MCOM pasmeriensl Ha MexayHapoaHoM ¢urocanutapHoM noptaine (M®PII):
https://www.ippc.int/core-activities/standards-setting/ispms.

Abelleira, A., Picoaga, A., Mansilla, J.P. & Aguin, O. 2011. Detection of Bursaphelenchus xylophilus,
causal agent of pine wilt disease on Pinus pinaster in northwestern Spain. Plant Disease, 95(6):
776-776.

Andrassy, |. 1984. Klasse Nematoda (Ordnungen Monhysterida, Desmoscolecida, Araeolaimida,
Chromadorida, Rhabditida). In Bestimmungsbuicher zur Bodenfauna Europas, pp. 24-25.
Stuttgart, Germany, Gustav Fischer Verlag. 509 pp.

Baermann, O. 1917. [A simple method of discovering ankylostomo (nematode) larvae in faeces.] Med.
Geneeslc. Lab. Weltevreden, 1917: 41-47 (Ha HEMELKOM SI3BIKE).
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Barstead, R.J., Kleiman, L. & Waterston, R.H. 1991. Cloning, sequencing and mapping of an alpha-
actinin gene from the nematode Caenorhabditis elegans. Cell Motility and the Cytoskeleton, 20:
69-78.

van Bezooijen, J. 2006. Methods and techniques for nematology. Wageningen, Netherlands,
Department of Nematology, Wageningen University. 112 pp. JoCTymeH IO CCBIIKE
https://www.wageningenur.nl/upload_mm/4/e/3/f9618ac5-ac20-41e6-9cf1-
€556b15b9fa7_MethodsandTechniquesforNematology.pdf.

Bongers, T. 1989. [The nematodes of the Netherlands] (translated from the Dutch by J. van de Haar).
Wageningen, Netherlands, Wageningen Agricultural University. 83 pp.

Braasch, H. 2001. Bursaphelenchus species in conifers in Europe: Distribution and morphological
relationships. EPPO Bulletin, 31: 127-142.

Braasch, H., Burgermeister, W. & Gu, J. 2009. Revised intra-generic grouping of Bursaphelenchus
Fuchs, 1937 (Nematoda: Aphelenchoididae). Journal of Nematode Morphology and Systematics,
12(1): 65-88.

Braasch, H., Gu, J. & Burgermeister, W. 2011. Bursaphelenchus mucronatus kolymensis comb. n.:
New definition of the “European type” of B. mucronatus. Journal of Nematode Morphology and
Systematics, 14(2): 77-90.

Braasch, H. & Schonfeld, U. 2015. Improved morphological key to the species of the xylophilus group
of the genus Bursaphelenchus Fuchs, 1937. EPPO Bulletin, 45(1): 73-80.

Burgermeister, W., Braasch, H., Metge, K., Gu, J., Schréder, T. & Woldt, E. 2009. ITS-RFLP
analysis, an efficient tool for identification of Bursaphelenchus species. Nematology, 11: 649-
668.

Burgermeister, W., Metge, K., Braasch, H. & Buchbach, E. 2005. ITS-RFLP patterns for
differentiation of 26 Bursaphelenchus species (Nematoda: Parasitaphelenchidae) and
observations on their distribution. Russian Journal of Nematology, 13(1): 29-42.

Cardoso, J., Fonseca, L. & Abrantes, I. 2012. Direct detection of the pinewood nematode,
Bursaphelenchus xylophilus, from pine wood, bark and insect vector. European Journal of Plant
Pathology, 133: 419-425.

Castagnone, C., Abad, P. & Castagnone-Sereno, P. 2005. Satellite DNA-based species-specific
identification of single individuals of the pinewood nematode Bursaphelenchus xylophilus
(Nematoda: Aphelenchoididae). European Journal of Plant Pathology, 112: 191-193.

Dwinell, L.D. 1993. Dwinell, L.D. 1993. First report of pinewood nematode (Bursaphelenchus
xylophilus) in Mexico. Plant Disease, 77: 846. Plant Disease, 77: 846.

Dwinell, L.D. 1997. The pinewood nematode: Regulation and mitigation. Annual Review of
Phytopathology, 35: 153-166.

Edwards, O.R. & Linit, M.J. 1992. Transmission of Bursaphelenchus xylophilus through oviposition
wounds of Monochamus carolinensis (Coleoptera: Cerambycidae). Journal of Nematology,
24(1): 133-1309.

EOK3P (EBpormeiickas u cpeIn3eMHOMOPCKasi OpraHu3alus 1o KapaHTHHY | 3amuTe pactennii). 2001.
Bursaphelenchus xylophilus: Diagnostics PM 7/4 (1). EPPO Bulletin, 31(1): 61-69.

EOK3P (EBpormeiickas 1 cpequ3eMHOMOPCKasi OpraHn3alus 1o KapaHTHHY | 3aIuTe pactennii). 2012,
Bursaphelenchus xylophilus and its vectors: Procedure for official control. National regulatory
control systems PM 9/1 (5). EPPO Bulletin, 42(3): 477-485.

EOK3P (EBpomeiickass U cpelu3eMHOMOpPCKas OpraHM3alysd 10 KapaHTUHY M 3allUTe pPacTeHH).
2013a. Diagnostic protocols for regulated pests: Pictorial glossary of morphological terms in
nematology. EPPO Technical Document No. 1056 (rev. 4). Paris, EPPO. 21 pp.

EOK3P (EBpomneiickast U cpenn3eMHOMOPCKas OpraHHW3alys 10 KapaHTHHY W 3allUTe pPacTEHHH).
2013b. Bursaphelenchus xylophilus: Diagnostics PM 7/4 (3). EPPO Bulletin, 43(1): 105-118.

EPPO (European and Mediterranean Plant Protection Organization). 2013c. Nematode extraction.
Diagnostics PM 7/119 (1). EPPO Bulletin, 43(3): 471-496.
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Puc. 1. )KnusHeHHbI Lnkn Bursaphelenchus xylophilus ot avina ao nonosospenon HemaToabl.
JX, nuunHkn X-Bospacra.
Uemounuk: N3 pabomsi Wingfield et al. (1982).

Puc 2. Passutne cumntomMoB y cocHbl (Pinus pinaster), 3apaxeHHon Bursaphelenchus xylophilus: ot 3gopoBoro
nepesa Jo MEPTBOrO.
®omo: T. Schroder, Julius Kuhn-Institut, Germany.

MexayHapoaHas KOHBEHLUSI NO KapaHTMHY U 3aliuTe pacTeHUn an 10-33



arnio OwnarHoctuuyeckue NPOTOKObI ANA KapaHTUHHbIX BpeAHbIX OpraHn3mMoB

A

Puc. 3. Cumntombl 6onesHn yBsifaHWs XBOWHbIX Nopof, BbidaBaHHOM Bursaphelenchus xylophilus, Ha npumepe
Pinus pinaster.
®omo: T. Schroder, Julius Kuhn-Institut, Germany.

Puc. 4. PasHoBumgHOCTM XBOCTOB Yy camok Bursaphelenchus xylophilus: a) kpyrnein (yBenuuenue x1000);
b) ¢ HeGonbLUMM BBICTYMOM; 1 C) C MYKPO.

®omo: a) T. Schroder, Julius Kithn-Institut, Germany u (b, ¢) J. Gu, Ningbo Entry-Exit Inspection and Quarantine
Bureau, China.
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Puc. 5. Bursaphelenchus xylophilus: (A) cameu; (B) camka; (C) xBocT camua; (D) xBoCT camua ¢ BeHTparnbHON

CTOPOHbI, KOHYMK C Bypcoii; (E) cnukynbl ¢ BeHTpanbHoW cTopoHbl; (F) camka, nepegHss vyacTtb; (G) BynbBa camky;
n (H), (I) n (J) xBocT camku.
UcmoyHuk: Mamiya and Kiyohara (1972).

Puc. 6. XBocT camku Bursaphelenchus mucronatus mucronatus (cnesa) n B. mucronatus kolymensis (cnpaBa).
®omo: J. Gu, Ningbo Entry-Exit Inspection and Quarantine Bureau, China.
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Puc. 7. XBocT camua Bursaphelenchus xylophilus co cnukynamu (yBenuyexue x1 000).
®omo: T. Schroder, Julius Kiihn-Institut, Germany.

Puc. 8. Camka Bursaphelenchus xylophilus ¢ BynsBapHbIM WwTKOM (yBenunyeHme x640).
®omo: T. Schroder, Julius Kuhn-Institut, Germany.
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Puc. 9. Bug rpynnel xylophilus, He npuHagnexawwmi Kk sugy
Bursaphelenchus xylophilus: (A) BynbBapHbIN LWWTOK CaMKu
3aKpYrMeH W 3akaH4yMBaeTCs 3HauMTenbHbIM yrinybneHvem u
(B) XBoct camku B. fraudulentus c¢ Hebonblumm BbICTYNoOMm
(cneBa) n 6e3 BbicTyna (cnpasa) (yBenuyeHune x1 000).

®omo: M. Tomalak, Institute of Plant Protection, National
Research Institute, Poland.

10 um

e emm=sacmecscoe e oo =—

Puc. 10. AnarHocTunyeckne npusHakum Bursaphelenchus xylophilus, B. mucronatus mucronatus n B. mucronatus
kolymensis: (a) cnukynbl Bcex Tpex Buaos; (b) BynbBapHbIE LWMUTKM BCEX TPEX BUAOB; (C) TEPMUHYC XBOCTA CaMKU
B. xylophilus, ckpyrneHHbIn; (d) TepMuHYC XxBoCTa camku B. mucronatus kolymensis; u (€) TepMrHYC XBOCTa CaMku
B. mucronatus mucronatus.

UcmoyHuk: AdanmuposaHo uz EPPO/CABI (1996).
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Puc. 11. Bepxnun otgen Bursaphelenchus xylophilus co ctunetom 1 metakopnycom (ysenuyeHue x640).
®omo: T. Schroder, Julius Kuhn-Institut, Germany.

Puc. 12. XBocT camua Bursaphelenchus xylophilus ¢ 6ypcoii B gopcanbHO-BeHTpansHOM NOMOXeHWM (yBenuyeHne
x1 000).
®omo: T. Schroder, Julius Kuhn-Institut, Germany.
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Puc. 13. bokosoe none Bursaphelenchus xylophilus nog ckaHnpyoLLmM 3neKTPOHHBIM MUKPOCKOMNOM (CrieBa) v noj
ONTMYECKNM MUKpPOCKOMNoMm (cripasa (yBenuyeHue x1 600)).

®omo: (criesa) M. Brandstetter, Austrian Research Centre for Forests, Austria, u (cripasa) T. Schrbder, Julius
Kuhn-Institut, Germany.

Puc. 14. KaynansHble nanunnel Bursaphelenchus xylophilus, CHUMOK ckaHMPYOLEro arekTPOHHOro M1KpocKona.
®omo: M. Brandstetter, Austrian Research Centre for Forests, Austria.
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B. xylophilus

Puc. 15. Matpuubl

UcTopusa ny6nukauumn

B. mucronatus mucronatus

He sisnsiemcs oghuyuanbHol yacmeto cmaHoapma
2004-11 KC pob6aeun Temy: Bursaphelenchus xylophilus (2004-016).

2006-04 KOM-1 (2006) nobasuna temy B Nporpammy paboTbi: HemaTtoasl (2006-008),

2007-09 Tramn obecyamna npoexT.

2008-06 TrAlM obcyamna NpoekT ¢ BeAyLLMM aBTOPOM.

2013-09 CdpopmupoBaHa HoBas rpyn
2014-03 3kcnepTHbIe KOHCYNbTaLUK.

na nogrotoBku Ar1.

nonumopunsMa PecTPUKLMOHHBIX  (PparMeHToB

B. mucronatus kolymensis

BHYTPEHHMUX TPaHCKPUOBUPOBAHHBIX
cnencepoB Bursaphelenchus xylophilus (cnesa), B. mucronatus mucronatus (nocepegvHe) n B. mucronatus
kolymensis (cnpaBa). PecTpuKUuMoOHHbIE dparMeHTbl Bbiny NonyyYeHbl NyTem NOrmnoLeHns aMnnMgpuuMpoBaHHOro
dparmerTa (r)AHK (0) ¢ RSAI (1), Xaelll (2), Mspl (3), Hinfl (4) n Alul (5).
M, mapkep OHK mapkepa (cermeHT 100 6a30BbIx nap).

®omo: W. Burgermeister, Julius Kiihn-Institut, Germany.

2014-10 KC ogobpun npoekT aAns npoBefeHust KoHcynbTaumm ¢ uneHamu (2014_eSC_Nov_11).

2015-02 KoHcynbTauus ¢ YrieHamu.

2015-10 TrAn sanekTpoHHbIM pelleHnem opobpuna Ttekct ansa nepegaydm KC Ha yteepxaeHue (eTPDP_Oct_02).
2015-11 KC ytBepaun nepwog ysegomnenus ana A (2015_eSC_Nov_08).
2016-01 KC ytBepawnn AN oT nmeHn KPM (chopmanbHbIX BO3PaXKEHNI HE BbICKa3biBanoch).

MC®M 27. NMpunoxenue 10. Bursaphelenchus xylophilus (2016); Pum, MKK3P, ®AO.

WcTopusi nybnukauum nocnefHuin pa3 obHoeneHa: 2016-04
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