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AHHOTALIUA
B xome pa6otsitaboparopuy Mukojoruu IrBY « BHUMKP»
MIPY UCCJIEIOBAHUAX TTOIKAPAHTUHHOM TTPOAYKIIUY 06-
PAasIioB ca)XeHIIEeB KIIIOKBBI U3 Pecrty6irku Besrapych 6611
BBISIBJIEH U U3y4eH rpub Diaporthe vaccinii Shear — Bo306y-
JIUTENTh BA3KOW THUJIM YEPHUKY. B Mcces0BaHNY OITHCa-
HBI OMOJIOTUUECKe 0COOEHHOCTH ITaToreHa, OCHOBHbIE
CUMIITOMBI ITOPAKEHUS HA SATOAHBIX KYJIbTypax poja
Vaccinium 1, B 4aCTHOCTH, Ha PaCTEHUIX KJIFOKBBI, METO-
IIBbI BBIZEJIEHNS Y UAeHTU(UKAIIMY [IATOTeHa C [IOMOIIBI0
KyJIbTYPaJIbHO-MOP(HOJIOTUIECKUX U MOJIEKYIISIPHO-TE-
HETMYECKUX METOMOB; MPeCTaBJIeHa CPaBHUTEIbHAS
XapaKTePUCTUKA POCTa U Pa3BUTHS Tpuba Ha JIByX ITU-
TaTEeJIbHBIX CPefax: KapTo(hebHO-TII0OKO3HOM U COJIO/I0-
BOM arape; OIicaHbl KyJbTypPaJbHO-MOP(HOJIOTUUECKIE
MIpU3HAKKU I'puba, a TakKe IIpoBemeHa MOPGOMETPUSI
CTPYKTYpP — IUKHUJ, U TMKHOCIIOP. Ha ocHOBe IpenBa-
PUTENBHBIX CUMIITOMAaTUUYECKUX U MOP(OJOrnIecKux
MIPU3HAKOB ObLIa IIPOBeieHa NIeHTU(hHKALIYS ITaTOTeHa.
Il MOATBEPXKIEHWS BUIOBOM MPUHAIIEKHOCTHA ObLIT
MIPOBE/IEH aHAJIN3 HYKJIEOTUIHBIX [TOCIeI0BAaTEIbHOCTEN
I10 yYaCTKYy BHyTPEHHET0 TPaHCKPUOUPYeMOoro crercepa.

Knrouesole cnoea. BsA3kagd THWIb YEPHUKH,
Phomopsis vaccinii, TILIP, nuarHocTuka uTomaToreHa.

BBEJJEHUE

HACTOsIIee BPEMS B CEJIbCKOM XO-
3a1icTBe BCce GoJiblliee pacIpocTpa-
HeHUe TI0JIyYaloT IIPOMBINIJIEHHBIE
TUTAHTAIIUY PEJKUX SATOJHBIX KYITb-
TYp, TaKUX KakK rosy6mka, KJIIOKBA,
yepHUKa. [[0OUBEHHO-KIUMATUUECKLE
YCJIOBUS CpeJlHel TToJI0Ckl Poccui 1mo-
3BOJISIOT BRIPAIMBATh PACTEHUS POa
Vaccinium ¢ BbICOKMMU TTOKA3aTEIIMU YPOXKANHOCTH.

ABSTRACT
In the course of the work of the Mycology Laboratory of
FGBU “VNIIKR”, while studying the regulated products
of cranberry seedlings samples from the Republic of Be-
larus, the fungus Diaporthe vaccinii Shear was detected
and studied, which is a causative agent of blight of blue-
berry. The study describes the biological characteristics
of the pathogen, the main damage symptoms on the Vac-
cinium genus berry crops and, in particular, on cranber-
ry plants, methods of isolating and identifying the patho-
gen using culture morphological and molecular genetic
methods; presents a comparative characteristic of the
growth and development of the fungus on two nutrient
media: potato dextrose and malt agar; the culture mor-
phological characteristics of the fungus are described,
as well as the morphometry of the structures — pycnidia
and pycnospores. The identification of the pathogen was
carried out on the basis of preliminary symptomatic and
morphological characteristics. To confirm the species,
the analysis of nucleotide sequences was carried out for
the site of the internal transcribed spacer.

Keywords. Blight of blueberry, Phomopsis vaccinii,
PCR, phytopathogen diagnostics.

INTRODUCTION

urrently, industrial plantations of rare ber-
ry crops, such as blueberries, cranberries,
and bilberries, are becoming more wide-
spread in agriculture. The soil and climatic
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3aKJIaIbIBAIOTCS IPOMBIIIJIEHHBIE MATOYHUKY SITO[I-
HBIX KyJbTyp B KaauHMHIPaACcKoH, JIeHUHTPAJCKOH,
Hwxeropopckoii, TamboBckoii, [TeH3eHCKOU obJac-
TSIX U IP., @ TAK)XXe aKTUBHO MPOUCXOIUT BhIPAL[ABA-
HUe pacTeHul B KpacHomapckoM kpae (JIaTKOB u Ap.,
2020). TIpOM3BOJCTBO SATOAHBIX KYJBTYD SIBJISETCS
TIEPCIEKTUBHON OTPACJIbI0, HO JJIS TIOJNy4YeHUsS Ka-
YeCTBEHHOTO II0CAJIOUHOTO MaTepuaja U BbICOKOTO
ypoxasi TpebyeTcs npoBefeHue 3G (PEeKTUBHOTO KOM-
TJIeKca MEePOIIPUSTUN, OCHOBY KOTOPBIX COCTABJISET
(uToCcaHUTApHBIN KOHTPOJb COCTOSHUS MaTOYHBIX
pacTeHui. 3a4acTyl C MOPUOOPETEHHWEM IOoCcaloy-
HOTO MaTepuajia HOBBIX W TPOAYKTUBHBIX COPTOB
WHOCTPAHHOTO TIPOMCXOXKJIEHUS CYIIECTBYET PUCK
MTPOHWKHOBEHUS Y PACIPOCTPAHEHUS WHBA3UBHBIX
BUJIOB rpr00B U IPUGOITOL06HBIX OPraHu3MOB.

OIHUM M3 TaKUX BUJOB SIBJISETCS HOBBIU NI
P® Bun Diaporthe vaccinii Shear (becmojyas ctagus —
Phomopsis vaccinii Shear, N.E. Stevens & H.F. Bain) —
BO30YAUTENb BA3KON IHUJIV YePHUKU, TOPAXKATOIIUHT
MIPEUMYIIECTBEHHO KyJIbTHUBUPYEeMbIe BUIbI pona Vac-
cinium: aMepUKaHCKYEe U eBPOIMelCcKre BUIbI KIIIOK-
BrI (V. macrocarpon, V. oxycoccos, V. oxycoccos var. interme-
dium u gp.), rony6uKy Beicokopocayio (V. corymbosum),
rorybuky npytbeBunHyto (V. ashei), 6pycuuxky (V. vitis-
idaea) n uepuuky (V. myrtillus). JUKOpacTyIiue BULbI
porna Vaccinium MOTYT OBITh pe3epBaTopaMu UHPEK-
uum D. vaccinii (EPPO Standard, 2009). Bo36ynuTtenb
BSBKOU THUJU YePHUKU D. vaccinii IBJIsieTCS KapaH-
TUHHBIM BPEJHBIM OPraHU3MOM, OTCYTCTBYIOIIUM Ha
Tepputopuy PO u EBpasuiicKOro SKOHOMUYECKOTO
coro3a; nJg cTpaH EBpometickoro cofsa c 2019 1. -
peryJaupyeMblii BPeAHBIM opraHusM. [10 JaHHBIM
EOK3P (2020-03-02), maToreH pacopocTpaHeH B EBpo-
nie (Jlateus), Asuu (Kuraii), CeBepHo# AMepuke (KaHa-
na, CIIIA) u I0xu0i AMepuke (Yuin) (https://gd.eppo.
int/taxon/DIAPVA/distribution).

BpenoHOCHOCTh MaTOTeHA MPOSIBISETCS B UHTEH-
CUBHOM OTMUPAHWM BETBEI PACTEHUHN, TPUBOJSIIEM
K 3HAUYUTEJbHBIM IIOTEPSIM YPOXKANUHOCTU — 0 65%,
B HEKOTOPBIX CIy4YasaX K MOJHOM Tubenu AromHbIX
xynbTyp (EFSA PLH Panel, 2014; Friend, Boone, 1968).
OCHOBHBIM CITOCOG0M TTPOHUKHOBEHUS UHQEKIINY Ha
HOBYI0 TEPPUTOPUIO SIBJISETCS HECEPTUDUIIMPOBAHHbIN
TTOPa’KeHHbIH M0CaI0YHbBIM MaTepuaj. ECTeCTBEHHBIM
IIyTEM ITaTOT'e€H MOYKET PACIIPOCTPAHSITHCS C IIOMOIIBIO
BeTpA, KareJbHOU BjIaTu, THBEHTaPsI, Heo6paboTaHHOM
CeJIbCKOX035MCTBEHHOM TEXHUKY U T. A, D. vacinii 3MMy-
eT Ha mmo6erax M Ha JIeXKaluX Ha TTOBEPXHOCTY ITOYBBI
PaCTUTENBHBIX OCTAaTKaX (CTEBIAX, TUCTHAX, TLIOAX).
OnTuMajibHas TEMIIEPATYPa Kak JIJIs POCTa MULIENHS,
TaK ¥ JJIg IIPOpacTaHus KOHUIWI cocTaBisgeT 21-24 °C
(EFSA PLH Panel, 2014; EPPO Standard, 2009).

[TepBble CUMIITOMBI D. vaccinii TIOSIBASIOTCS Ha
KOHYMKAX MOJIOJIbIX TTI06ETOB B BUJI€ BBITSIHYTHIX 3B,
KOTOpPbIE CO BpEMEHEM pPa3pacTaloTCs U BHI3BIBAIOT
yChIXaHUE BETOYEK U JIMCThEB pacTeHUWi. [laToreH
IIPOHUKAET Yepes3 PaHKU U YCThUILA ¥ PACITPOCTPAaHSI-
€TCsl K OCHOBAaHUI0 PACTEHM 110 COCYAUCTHIM TKaHIM
cTebyeli, BbI3bIBAsI Oypoe obeciiBeurnBaHNEe KCUIEMBIL.
Ha nHOUIUPOBaHHBIX CTE6JISIX T101, TOBEPXHOCTHIO
KOPBI MOSIBJISIOTCS IIJIO/IOBBIE TEJIa — TEMHbIE TUKHU-
IIBI, C BBIXOAANUIMMU U3 ITOPYCOB MHOT'OYMCJIEHHBIMU
cropaMu KpeMOBaTO-MOJIOYHOTO IBeTa. [pub Takxke
rmopakaeT IJIO/bI, KOTOPbIE CTAHOBSITCS KpacHOBa-
TO-KOPUYHEBBIMU, MATKUMU, TIPUOGPETAIOT Kalle-
06pa3Hy0 KOHCUCTEHIIWIO, YaCTO PACTPECKUBAIOTCS

conditions of central Russia make it possible to grow
plants of the genus Vaccinium with high yields. Industri-
al mother-plantation of berry crops are laid in Kalinin-
grad Oblast, Leningrad Oblast, Nizhny Novgorod Oblast,
Tambov Oblast, Penza Oblast, etc., and plants are be-
ing actively cultivated in Krasnodar Krai (Latkov et al.,
2020). The production of berry crops is a promising in-
dustry, but to obtain high-quality planting material and
a high yield, an effective set of measures is required, the
basis of which is phytosanitary control of the mother
plants state. Often, with the acquisition of planting ma-
terial for new and productive varieties of foreign origin,
there is a risk of introduction and spreading of invasive
species of fungi and fungi-like organisms.

One of these types is a species new for the Russian
Federation — Diaporthe vaccinii Shear (asexual stage —
Phomopsis vaccinii Shear, N.E. Stevens & H.F. Bain), the
agent of blight of blueberry mostly affecting cultivat-
ed species of the genus Vaccinium: American and Euro-
pean cranberries (V. macrocarpon, V. oxycoccos, V. oxycoc-
cos var. intermedium, etc.), northern highbush blueberry
(V. corymbosum), rabbiteye blueberry (V. ashei), cranber-
ry (V. vitis-idaea) and billbery (V. myrtillus). Wild species
of the genus Vaccinium can be reserves of the infection
D. vaccinii (EPPO Standard, 2009). The agent of blight of
blueberry D. vaccinii is a quarantine pest absent in the
Russian Federation and the Eurasian Economic Union;
since 2019 it has been a regulated pest for the European
Union countries. According to EPPO data (2020-03-02),
the pathogen is spread in Europe (Latvia), Asia (China),
North America (Canada, USA) and South America (Chile)
(https://gd.eppo.int/taxon/DIAPVA/distribution).

The harmfulness of the pathogen is manifested in
the intense death of plant branches, leading to signi-
ficant losses in yield — up to 65%, in some cases to the
complete death of berry crops (EFSA PLH Panel, 2014;
Friend, Boone, 1968). The main pathway of the infec-
tion into a new territory is uncertified diseased plant-
ing material. The pathogen can naturally spread by
wind, dripping moisture, implements, untreated agri-
cultural machinery, etc. D. vacinii overwinters on shoots
and plant debris (stems, leaves, fruits) lying on the soil
surface. The optimum temperature for both mycelium
growth and conidial germination is 21-24 °C (EFSA
PLH Panel, 2014; EPPO Standard, 2009).

The first symptoms of D. vaccinii appear on the tips
of young shoots in the form of elongated cankers, which
grow over time and cause the twigs and leaves of plants
to dry out. The pathogen penetrates through wounds
and stomata and spreads to the base of plants along the
vascular tissues of the stems, causing brown discolora-
tion of the xylem. On the infected stems under the sur-
face of the bark, fruiting bodies appear — dark pycnidia,
with numerous spores of a creamy-milky color emerg-
ing from the pores. The fungus also affects fruits that
become reddish-brown, soft, mushy, and often crack
with sap during harvest (EFSA PLH Panel, 2014; We-
ingartner and Klos, 1975) (Fig. 1).

In some cases, Vaccinium plants have no visible
symptoms of D. vaccinii in the vegetative and generative
parts. In this case, the pathogen can exist in a state of
latent infection until the end of the growing season and
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Puc. 1. CuMNTOMbI NOpaXkeHus pacTeHui rpubom D. vaccinii:
a — oOTMUpaHue BETBEW Ha pacTeHuu ronybuku;
b — nopaxkeHHas aropa rony6uku (choto H.B. LiBeTkoBO)

C BbITeKaHMeM coka npu cbope ypoxas (EFSA PLH
Panel, 2014; Weingartner, Klos, 1975) (puc. 1).

B psazme ciy4yaeB y pacTeHud poza Vaccinium Ha
BEreTaTHUBHbBIX U TEHEPATUBHBIX YaCTSIX OTCYTCTBYIOT
BUAUMbIE CUMIITOMBI ITOpakeHus D. vaccinii. TIpyu 3ToM
TTaTOTEeH MOXKET CYIIeCTBOBATh B COCTOSIHUU JIATEHT-
HOUM MHQEKIIUY 10 KOHIIA BETETAIlMOHHOTO IIePHoLa
U IIPOSIBJIATHCS TOJIBKO IIPY CO3PEeBaHUM ILI0HOB. Ha
pacTeHUIX-X03g€BaX MOTYT MPUCYTCTBOBATDb GJIM3-
KOPOJACTBEHHbIE BUbI TPUGOB poja Diaporthe, Takve
kak D. columnaris (D.F. Farr & Castl.) Udayanga & Castl.,
D. conorum (Desm.) Niessl, D. eres Nitschke u gp., ko-
TOpPBIE BBI3BIBAIOT MMOX0XKHME CUMIITOMBI TOPaKEHUS
1 (DOPMUPYIOT TPYAHOOTINUYMMbIe MOP(DOJIOTUUECKIE
CTPYKTyphl. CKphIiTasg hopMa MHOEKIIUN U TTPUCYT-
CTBUE GJIM3KOPOJICTBEHHBIX BUOB TPUOOB HA OLHOM
PaCTEHUM-XO03SIUHE YCIOKHAIOT ZUArHOCTUKY 3aboJie-
Bauudg (EFSA PLH Panel, 2014; EPPO Standard, 2009).

JJis IpeioTBpaleHus TPOHUKHOBEHMS BO36Y M-
TeJIsI Ha HOBbIe TEPPUTOPUYM HEOOXOLMMO TOUHOE U ObI-
CTpOe BhISIBJIEHNE Ha TOUKAX JOCMOTPa PACTUTEIbHOM
MIPOAYKIIMY M HaJle)KHasd uneHTUudUKaIusa B Jabopa-
TOPHBIX YCJIOBUSX, BKJIIOUAIOIIAs [TPOBEIEHIE HCCIIe-
IOBaHUM UMIIOPTUPYEMOTO TI0CAIOYHOTO MaTepHraia,
OCHOBAHHBIX Ha KOMILJIEKCHOM II0/IX0JIe C UCIIOJIb30-
BaHMEM OOIIEIIPUHATHIX KJIacCUUecKux (0rojioruye-
CKUX) ¥ COBPEMEHHBIX (MOJIEKYIAPHO-TEHETUUECKUX)
metozoB (Farr et al., 2002; Michalecka et al., 2017).

MATEPUWAJIBI U METO/1bI

O6BbeKTOM UCCJIeIOBAHUS SBJISAJICS MOJKApPAHTUH-
HBIM ITOCAaJOYHBIM MaTepuaJ PacTeHUU KJIIOKBBI
(Vaccinium subgen. Oxycoccus) UMIIOPTHOTO ITPOUCXOK-
nennda (Pecrrybouka Besrapycs).

Ha rmepBoM 3Tarle McclieJ0BaHUS VCII0JIb30BaIN
KJIaCCUYEeCKYe METOAbI IMarHOCTUKY: BbIeNIeHNe I1a-
TOreHa Ha MMUTATEJbHYI0 Cpefly, MUKPOCKOITMPOBaHMIE
1 MOp(hOMETPUIO.

[Ipu BU3yaJbHOM OCMOTPE PACTEHUN KJIIOKBBI
ObLIM OTOOPAaHBI HeboJIbIIMe (hparMeHThI ITOPakKeH-
HBIX YacTel (JINCThs, CTE0IM), KOTOPhIE IPOMBIBAIK
B ITPOTOYHOM BOZE, CTEPUIN30BAIN U 3aKJIaIbIBAIN
Ha Jamky [1eTpu C MOATOTOBJIEHHON MUTATENIbHON
cpenoii (2%-1 kKapToeabHO-TJII0KO3HbIH arap, pH 5,5).
Yamky nHKyO6UpoBaiu Ipu TeMiiepaTtype 25 °C B Teue-
HUe 7 oHel C e)XelTHeBHBIM IPOCMOTPOM Pa3BUBIIETO-
cs1 Mutieaus rpuba. BeIpocHiuil MUIIEIU MUKPOCKO-
MTMPOBAJIY, IPY HAJTUYNY ITOA03PUTEIbHBIX ¥ CXOLHBIX

Fig. 1. Symptoms of damage to plants by the fungus D. vaccinii:
a — dying off of branches on a blueberry plant; b — affected
blueberry (photo by Yu.V. Tsvetkova)

manifest itself only when the fruits ripen. Host plants
may contain closely related species of fungi of the ge-
nus Diaporthe, such as D. columnaris (DF Farr & Castl.)
Udayanga & Castl., D. conorum (Desm.) Niessl, D. eres
Nitschke, etc., which cause similar damage symptoms
and form morphological structures that are difficult to
distinguish. The latent form of infection and the pre-
sence of closely related fungal species on the same host
plant complicate the diagnosis of the disease (EFSA
PLH Panel, 2014; EPPO Standard, 2009).

To prevent the penetration of the pathogen into
new territories, accurate and quick identification of
plant products at inspection points and reliable iden-
tification in laboratory conditions are required, inclu-
ding research on imported planting material based on
an integrated approach using generally accepted clas-
sical (biological) and modern (molecular genetic) me-
thods (Farr et al., 2002; Michalecka et al., 2017).

MATERIALS AND METHODS

The object of the study was regulated planting stock of
cranberry plants (Vaccinium subgen. Oxycoccus) of im-
ported origin (Republic of Belarus).

At the first stage of the study, classical diagnostic
methods were used: isolation of the pathogen on a nut-
rient medium, microscopy and morphometry.

During visual inspection of cranberry plants,
small fragments of the affected parts (leaves, stems)
were selected, washed in running water, sterilized, and
placed on Petri dishes with a prepared nutrient medi-
um (2% potato dextrose agar, pH 5.5). The dishes were
incubated at 25 °C for 7 days with daily viewing of the
developed mycelium of the fungus. The grown myceli-
um was microscoped, in the presence of suspicious and
similar to the target species of the fungus microscopic
signs, were sifted into a pure culture.

To clarify the species identification, classi-
cal PCR was performed using universal primers
ITS5 (5'-GGAAGTAAAAGTCGTAACAAGG -37)
u ITS4 (5°-TCCTCCGCTTATTGATATGC -3 ") (EPPO
Standard, 2009; White et al., 1990).

To isolate DNA, a portion of the fungal mycelium
(1 cm?) was selected in a 1.5 ml tube, 200 ul of lysis

MioHb N2 2 (6) 2021 29



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

Puc. 2. CUMNTOMbI MOPaXXeHUs pacTEeHUI KIIOKBbI FpMbomM
D. vaccinii: a — ycbixaHue BeTBEW pacTeHUs KNOKBbI; b — Hekpo3  D. vaccinii: a — drying out of the branches of the cranberry plant;
nucTa c obpasoBaBwmmMuca nukHupamm (coto H0.B. LiBeTkoBol) b — leaf necrosis with formed pycnidia (photo by Yu.V. Tsvetkova)

Fig. 2. Symptoms of damage to cranberry plants by the fungus

C 11eJIEBBIM BUJIOM rpriba MUKPOCKOTTMYECKUX TTPU3HA-
KOB, OTCEBAJIU B UUCTYIO KYJIbTYPY.

I yTOuyHeHUS BUJOBOU uIeHTUDUKA-
nuu npoBopuau kKiaccuueckyw I[IIP c¢ mnpu-
MeHeHUEeM VHUBepPCaJbHBIX TNIpaliMepoB
ITS5 (5'-GGAAGTAAAAGTCGTAACAAGG -37)
u ITS4 (5" -TCCTCCGCTTATTGATATGC -3 ") (EPPO
Standard, 2009; White et al., 1990).

IOnsg Beigenenus JHK oTbupanu y4yacToxk Mu-
nenus rpuba (1 cm?) B 1,5 MJI IPOOUPKHU, T0OABISLIN
200 MKJ Iu3upylolinero oydepa u pacTupasy necTu-
KOM JI0 OOHOPOILHOTO cOCTOAHUS. Boigenenue ITHK
TIPOBOIUJIY C MCITOJIb30BaHEM TOTOBOTO Habopa «du-
Tocop6» (000 «HITd CuHTOJI», MOCKBA), OCHOBAHHOTO
Ha MCII0JIb30BAHUM MarHUTHBIX YaCTUII.

TP npoBoguau B TepMonukiepe T100 Touch
Thermal Cycler, Bio-Rad. CMech peakTUBOB JIJis [TOCTa-
HOBKY OJHOM peakIiuy 06beMOM 25 MKJI coeprkalia
5 mka 5X TLP-6ydhepa Mas DDMix 2025 (000 «Jlua-
Jat JITh.», MockBa), 1 MKJI Ka)KJIOro ImpamiMepa, 2 MKJI
neneBoit JHK 1 16 MKJI CTepUIbHON BOIBI.

YenoBua amnnudukanuy Ha mpubope: 3 MUH. —
94 °C; 30 ukjyoB: 30 c. — 94 °C, 30 c. — 52 °C, 90 c. —
72 °C; 1 nuka 7 MmuH. — 72 °C.

Puc. 3. Cepo-0n1BKOBbIN
cnaboonyLleHHbI
NpwXaTblii BO34YLWHbIV

Fig. 3. Gray-olive slightly
pubescent compressed
aerial mycelium of
muuenui D. vaccinii Ha 2%-m  D. vaccinii at 2% PDA

KTA (choTo +O.B. LiBeTKkoBOI) (photo by Yu.V. Tsvetkova)

buffer was added and triturated with a pestle until
smooth. DNA isolation was carried out using a ready-
made kit “Fitosorb” (“NPF Syntol”, Moscow), based on
the use of magnetic particles.

PCR was performed in a T100 Touch Thermal Cyc-
ler, Bio-Rad. A mixture of reagents for staging one re-
action with a volume of 25 uL contained 5 uL of 5X PCR
buffer Mas DDMix 2025 (Dialat Ltd., Moscow), 1 uL of
each primer, 2 uL of target DNA, and 16 uL of sterile
water.

Amplification conditions on the device: 3 min. —
94 °C; 30 cycles: 30s.—94 °C,30s.-52°C,90s.—-72°C;
1 cycle 7 min. — 72 °C.

After the amplification, 4 ul of the PCR product
was dropped into the wells of a 1.0% agarose gel with
ethidium bromide in 0.5 x TBE buffer and separated
by electrophoresis. Subsequently, the obtained ampli-
cons were visualized using a gel-documenting sys-
tem manufactured by Bio-Rad (USA). The samples
were then purified using a commercial Thermo Fisher
kit GeneJET PCR Purification Kit) and sequenced on
an Applied Biosystems 3500 Genetic Analyzer. The ob-
tained portions of the nucleotide sequences were pro-
cessed using the BioEdit and MegaX programs. Com-
parative analysis was performed using the sequences
of isolates deposited in the GenBank NCBI database.

The work compared the growth and development
of the pathogen on two types of nutrient media — pota-
to dextrose agar (2% CHA) and malt agar (2% MA) —and
cultivated at 25 °C. Studied the cultural and morpho-
logical characteristics of the fungus on the 4™, 9™ 14"
and 21t days. The study determined the features of the
morphogenesis of the pathogen, the formation of fruit-
ing bodies (pycnidia), sporulation, assessed the nature
of growth, structure, surface, color, shape of the colony.
Conidia morphometry was performed using an Olympus
BX43 microscope and QuickPHOTO MICRO 3.2 software.

RESULTS AND DISCUSSION
As a result of visual inspection of cranberry plants,
symptoms of shoot drying and dark blackening spots
on the leaf blades were found, the surface of the stems
was dark brown, in the upper part of the petioles there

dutocaHutapus. KapaHtuH pactenuii 30



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

[Mocne amnauduxkanuu 4 Mka [IIP-npoayk-
Ta packamnbeiBajiu B JyHKU 1,0%-r0 arapo3HOro rejs
c 6pomucTsiM aTuaueM B 0,5 x TBE-6ydepe u pasze-
JILIW C TIOMOIIbI0 3jeKkTpodopesa. B mampHelimem
[IPOBOJVIJIV BU3YaIN3alINI0 [10JIyYeHHBIX aMIIJINKOHOB
C UCTIOJIb30BaHUEM Te€JIb-TOKYMEHTUPYIOIIEeN CUCTEMBbI
rmpousBojcTBa Bio-Rad (CIIIA). 3aTeM 06pa3Iibl OUMIIA-
JIV C TIOMOIIbI0 KoMMepueckoro Habopa Thermo Fisher
(GeneJET PCR Purification Kit) 1 IIpOBOAMIN CEKBEHU-
poBaHMe Ha reHeTHYecKoM aHanmu3aTtope 3500 Applied
Biosystems. IToJlyueHHbIE YYaCTKU HYKJEOTUIHBIX
rocjeloBaTeJIbHOCTeM 06pabaThIBaJIM C UCIIOJb30Ba-
HueM nporpaMM BioEdit u MegaX. CpaBHUTENbHBIN
aHaJIM3 IPOBOAUIHU C UCIIOJIIb30BAHUEM MIOCIEI0OBA-
TeJIbHOCTe M30JIITOB, NeTIOHMPOBAaHHBIX B 6a3y JaH-
ubix GenBank NCBI.

B paboTe cpaBHUBAJIW POCT U Pa3BUTHUE MTATOTE-
Ha Ha IBYX BUJAX MUTATEJIbHBIX Cpel, — KapToheabHO-
[JII0K03HOM arape (2%-11 KT'A) 1 cosiogoBoM arape (2%-i
MA) — ¥ KyJIbTUBUPOBAJIU IIpU TemIiiepaTtype 25 °C.
Vizyuanu KyJabTypajibHO-MOPGOJoTUUeCKYe TPU3HAKY
rpuba Ha 4,9, 14 u 21-e cyTKu. B ucciiegoBaHUY OTIpe-
Jessiiv 0cobeHHOCTU MopdoreHesa nmaToreHa, oopa-
30BaHUA IJIOLOBBIX Tel (IUKHUL),
criopoobpazoBaHue, OIEHUBAIUA
XapakTep pocTa, CTpoeHue, II0BepPX-

were small, oblong, black necrosis (Fig. 2). There were
no fruits on the plants.

7 days after the start of incubation on the PDA nut-
rient medium with fragments of plant tissue, a gray-
olive, slightly pubescent, compressed aerial mycelium
was formed (Fig. 3).

Microscopic examination of the samples for the
presence of morphological structures of the fungus
showed that pycnidia and sporulation were absent.
Further species identification was carried out using
the molecular genetic method.

Based on a comparative analysis of the sequences
of the internal transcribed spacer, a dendrogram was
constructed in which closely related species of the ge-
nus Diaporthe are clustered into 6 groups, one of which
is represented by two species: D. conorum and D. co-
lumnaris (Fig. 4). It was shown that the studied isolate
(MW969734 D. vaccinii_vniikr_isolate_495_1) belongs
to the group including D. vaccinii. Intraspecific diversity
was noted within this group.

The closest to the studied species is Diaporthe eres
Nitschke. When studying sequences with a length of
578 bp. 7 sites were found that allow to separate these

\WO69734 Diaporthe \raccinii_\rniikr_isulate_495|

HOCTb, IIBeT, GOpMy KOJIOHUU. Mop-
bomMeTpU0 KOHUAUHN TIPOBOAMIU
¢ moMolIb0 MUKpockoma Olympus
BX43 u mporpaMMHOro obecrieueHus
QuickPHOTO MICRO 3.2.

PE3VYJIbTATbBI

96

92

77 | KJ160587.1 Diaporthe vaccinii strain CPC 23812
KC343223.1 Diaporthe vaccinii strain CBS 160.32
KJ160588.1 Diaporthe vaccinii strain CPC 23813
KJ160585. 1 Diaporthe vaccinii stirain CBS 134741
KC343227.1 Diaporthe vaccinii strain GBS 122116
KC343226.1 Diaporthe vaccinii strain CBS 122118
KC345224.1 Diaporthe vaccinii strain CBS 122112
KC343223.1 Diaporthe vaccinii strain CBS 118571
KC343225.1 Diaporthe vaccinii strain GBS 122114 |

N OBCYXKIEHUA

B pesysbTaTe BU3yaJibHOTO OCMOTPa
pacTeHNH KJIIOKBBI ObLIN OOHApYXe-
HBI CUMIITOMBI YChIXaHUS MT0GETOB,
TEeMHbIe, UePHEIUIUE MITHA Ha JIU-
CTOBBIX IJIACTMHKAX, [IOBEPXHOCTD
cTebiell nMeia TeMHO-KOPUYHEBbIN

94

14T478101.1 Diapenthe eres strain MAL4
85 [ KC343083.1 Diaporthe eres sirain CBS 283.85

79 | | KT369109.1 Diaponthe eres strain PVFi-1149

KGC343086.1 Diaporthe eres slrain GBS 365.97
KC343088,1 Diaporthe eres strain CBS 375.61
KC3423094.1 Diaporthe eres strain CBS 688.97
KC343092.1 Diaporthe eres strain CBS 485.96
K(G343089.1 Diaporthe eres strain GBS 422.50
99 | KC343080.1 Diaporthe eres strain CBS 250.38
KC343093.1 Diaporthe eres strain CBS 528.83
[—' JX515702.1 Diaporthe viticola strain UCD327-Oe

IIBET, B BePXHEH YaCTy YePEIIKOB OT-
MevajiiCch MeJIKUe, IIPOI0JIr0OBaThIE,
YyepHbIe HeKPOo3bI (puc. 2). ILnoab! Ha
pPacTeHUSIX OTCYTCTBOBAJIH.

Yepes 7 OHeH Iocjie Havaja
WHKy6aImu Ha MUTATEeJIbHOU cpefie
KT'A ¢ (pparMeHTaMU pacTUTEIbHOMU
TKaHY cOPMUPOBAJICSA CEPO-0JIUB-
KOBBI# CJIa600ITyIIeHHbBIN ITPUKATHIN
BO3MIYITHBIN MuUllenuii (puc. 3).

MukpocKonupoBaHue obpas-
II0B Ha Hajauuue Mopdosoruye-
CKUX CTPYKTYp rpuba ImoKasajo, 4To
MMUKHUABI U CIIOPOHOIIEHUE OTCYT-
cTBOBau. JlanbHelInas BULOBas
UIeHTU(DUKAINS TPOBOAMIIACE C UC-
MI0JIb30BAHUEM MOJIEKYJISIPHO-TEHE-
TUYECKOTO0 METO/Ia.

Ha ocHOBaHUU CPaBHUTEJIBHO-
ro aHajim3a MOocCJefoBaTeJIbHOCTe!H
y4yacTKka BHYTPEHHETO TpaHKpubu-
pyemoro creticepa Gbliia IIOCTpOeHa
IeHApoTrpaMMa, B KOTOPOM 6JIM3KO-
poICTBEeHHbIe BULBI poma Diaporthe
KJIaCTEPUS3YIOTCS B 6 TPYIIII, OJJHA U3 KOTOPbBIX MTPEJ-
cTaBJieHA AByMd Bumamu: D. conorum u D. colum-
naris (puc. 4). BbLJIO TTOKa3aHO, UYTO UCCJELYEeMBIi

—
0010

75

Puc. 4. leHpporpamMma cpaBHeHUs1 BUO,0B
popa Diaporthe, accounnpoBaHHbIX
c pacteHusmu popa Vacciniim

EF155490.1 Diaporthe viticofa isolate Z18
100 JQ697840.1 Diaporthe viticola isolate PS76
95 || A¥485750.1 Diaporthe wviticela sirain STE-U 5683
KC145904.1 Diaporthe viticola culture-collection [CMP:16419
KG 145906.1 Diaporthe viticola culture-collection IC3P: 12522

6
AB201443.1 Diaporthe conorum genes
o) FJ158120.1 Diaporthe conarum isolate UASQ02
1AM315632.1 Diaporthe conorum isolate N-11

100

KG343178.1 Diaporthe phaseolorum strain GBS 257.80
KL979757.1 Diaporthe phaseolorum isolate CF110
KC343177.1 Diaporthe phaseolorum sirain CBS 127465
KC343175.1 Diaporthe phaseolorum sirain CBS 116019
KG343174.1 Diaporthe phaseolorum strain GBS 113425
JQ814306.1 Diaporthe conorum sirain E5S7
DQ116552.1 Diaporthe conorum isolate cbs 189.39
MTE05128.1 Diaporthe columnaris isolate PRJ3
LNGS58043.1 Diaporthe columnaris isolate SA001
LIN864192.1 Diapenthe columnaris voucher PDD: 110007
- MT818453.1 Disperthe columnans steain C114

gg | MN522486.1 Diaporthe <olumnaris clone 2014 875
MW269095.1 Diaporthe ¢ olumnaris isolate 1393

100

Fig. 4. Dendrogram for comparing species
of the genus Diaporthe associated
with plants of the genus Vaccinium
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Puc. 5. KonoHus D. vaccinii Ha 4-e cyTKu:
a—-HaKrlrA; b—-Ha MA
(choTo HO.B. LiBeTkOBOI)

a—-onPDA; b-onMA
(photo by Yu.V. Tsvetkova)

Puc. 6. D. vaccinii Ha KTA Ha 9-e cyTku:
a — KONoHus; b — LeHTp KoNoHUU

(cpoTo HO.B. LiBeTkOBOI) (photo by Yu.V. Tsvetkova)

u3oaat (MW969734 D. vaccinii_vniikr_isolate_495_1)
OTHOCHUTCS K TPYIINe, BKIOYatolel D. vaccinii. BHyTpu
IAaHHOW TPYIIBI ObIJIO OTMEYEHO BHYTPUBUOBOE
pasHoobGpasue.

Hawubosiee 6IM3KUM K UCCIENLYEMOMY BULY SIB-
nsietcs Diaporthe eres Nitschke.
[Ipu U3yUYeHUHU OCIen0BaTENb-
HOCTe! OJIUHOM 578 1. 0. OBLIO
o6Hapy)XeHO 7 y4yacTKOB, II0-
3BOJISIONIUX PA3/IeIUTh JaHHbIE
BUMBL: 5 TPAH3UIUN U 2 UHCEP-
uuu y D. eres. TIpu 9TOM B O HOU
Y3 WHCEPLUH Y YaCTU U30JISITOB
D. eres IpuCyTCTBOBAJ I'yaHUH,
a y OCTAJIbHBIX U30JISITOB — aJle-
HUH. Y T€X U30JISTOB, y KOTOPBIX
MIPUCYTCTBOBAJI aIEHUH, NHCEP-
1uud 6pl1a (pparMeHToOM TaHZEM-
HOT0 ITOBTOPA.

B aHanmusupyeMoM yuacTke
TaKKe 6bLIN 06HAPYXKEeHBI (hpar-
MEHTBI, KOTOPbIe, HA000POT, CBU-
JIETEJIbCTBYIOT O CXOZICTBE BUJIOB.
Tak, y 4acTu MU30JIITOB BUJZA
D. eres BO (hparMeHTe uMeeTCs
TUMWH, Y YaCTU — LIUTO3UH, a ¥ D. vaccinii — TuMuH. BL10
0O6HapY’)XEHO 7 aHAJOTUYHBIX 3aMeH, 6 U3 KOTOPBIX
MIPENCTaBISIOT CO601 TPAaH3UIIUY U 1 — TPDAaHCBEPCHIO.

Fig. 5. Colony of D. vaccinii on the 4t day:

Fig. 6. D. vaccinii on PDA on the 9t day:
a — colony; b — center of the colony

Puc. 7. D. vaccinii Ha MA Ha 9-e cyTKu:
a — KonoHusi; b — LeHTp KoIoHUU
(choTo HO.B. LiBeTkoBOI)

species: 5 transitions and 2 in-
sertions in D. eres. At the same
time, guanine was present in
one of the insertions in some
D. eres isolates, and adenine in
the remaining isolates. In those
isolates in which adenine was
present, the insertion was a frag-
ment of a tandem repeat.

In the analyzed area, frag-
ments were also found, which,
on the contrary, indicate the
similarity of species. Thus, some
isolates of the species D. eres have
thymine in the fragment, some
have cytosine, and D. vaccinii have
thymine. 7 similar substitutions
were found, 6 of which represent
transitions and 1 — transversion.

Considering that insertions
occur less frequently than single
nucleotide substitutions and are
more significant for the DNA re-
gion, the universal primers ITS5/
ITS4 can be used for preliminary
identification of D. vaccinii.

After species identification,
a comparative analysis of the
culture morphological features
of the species D. vaccinii was car-
ried out on nutrient media PDA
and MA.

The initial growth of the
fungus culture on the 4" day on
potato dextrose and malt agars
differed in color and growth of
aerial mycelium. On PDA, the iso-
late was characterized by a light
brown colony, a slightly pubes-
cent mycelium structure, a uniform flat surface, and
pycnidia were absent. On MA, the fungus had a light
beige mycelium color, a medium pubescent structure,
an inhomogeneous concentric surface, and also the ab-
sence of fruiting bodies. The diameter of the colonies

Fig. 7. D. vaccinii on MA on the 9* day:
a — colony; b — center of the colony
(photo by Yu.V. Tsvetkova)
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Puc. 8. Kononusa D. vaccinii Ha 14-e cyTku:  Fig. 8. Colony of D. vaccinii on the 14" day:
a-onPDA; b-onMA
(photo by Yu.V. Tsvetkova)

a—HaKrlA; b — Ha MA
(choTo HO.B. LiBeTkoBOI)

Puc. 9. KonoHus D. vaccinii Ha 21-14 peHb:  Fig. 9. Colony of D. vaccinii on the 215t day:

a—HaKrlA; b-Ha MA
(choTo HO.B. LiBeTkOBOM)

YYUTBHIBas, YTO MHCEPLIUY ITPOUCXOISAT PEXKE OfI-
HOHYKJIEOTUIHBIX 3aMeH U ABIIIOTCS 6oJjiee 3HAUU-
MbIMU AJig yuacTka JHK, yHuBepcaabHble TpaiMephl
ITS5/ITS4 MOXHO UCIIOJIb30BATh JJis ITPeJBapUTeb-
HOM maeHTUGUKALIUY BUga D. vaccinii.

ITocye BUAOBOM UaeHTU(DUKAIIMY OBLI ITPOBEEH
CPaBHUTEJIBHBIN aHAJIN3 KyJIbTYyPaJbHO-MOP(OIOTH-
YyeCcKUX ocobeHHocTel Buaa D. vaccinii Ha ITATaTeIbHBIX
cpenax KI'A u MA.

HavaJibHBIN POCT KyJIbTYPBI Iprba Ha 4-i1 IeHb Ha
KapTo(deIbHO-TJTI0OKO3HOM 1 COJIOIOBOM arapax pasjiu-
4aJicsl M0 OKpacKe U POCTy BO3AYIIHOTO MuUlleauns. Ha
KI'A 130J19T XapaKTepPHU30BaJICsS CBETIO-KOPUYHEBBIM
IIBETOM KOJIOHUHU, CIIa600TyIIEeHHBIM CTPOEHUEM MU-
LeJivisl, OTHOPOIHOM POBHOM ITOBEPXHOCTHIO, TMKHUbI
oTcyTcTBOBasu. Ha MA rpub mMes cBeTI0-6eXeBbIn
IIBET MUIENNUS, CPeIHEONYIIeHHOEe CTPOEeHE, HEO -
HOPOAHYI0 KOHIIEHTPUUECKYI0 TIOBEPXHOCTD, TaKXKe
OTCYTCTBUE TIJIOOBBIX TeJl. JlmamMeTp KoJoHui Ha KI'A
cocraBui 2 + 0,05 ¢cM, Ha MA - 1,9 + 0,1 cM (puc. 5).

Ha 9-11 meHb aKTUBHBIN POCT U30JISITa 3aMeIJINII-
cd. IuameTtp kojonuu Ha KI'A coctaBui 8 + 0,2 cM, Ha
MA - 7,5 + 0,3 cM. U3om4art D. vaccinii Ha KI'A xapakTe-
pu30BaJICs CpeIHeOIyIlIeHHbIM CTPOEHUEM, TEMHO-Ce-
PBIM IIBETOM BO3[IYIIHOT'O MUIIEJIUS C IIEPEXOMAAIINM
6eXXeBbIM KpaeM, 6e3 06pa3oBaHUsI MUKHU, 06paTHAS
cTopoHa (peBep3yM) — CEPOIT OKPacKu ¢ 6e3KeBbIM Kpa-
eM (puc. 6).

a—onthe PDA; b-on MA
(photo by Yu.V. Tsvetkova)

on PDAwas 2 + 0.05 cm, on MA —
1.9 + 0.1 cm (Fig. 5).

On the 9™ day, the active
growth of the isolate slowed
down. The diameter of the colony
on CHA was 8 + 0.2 cm, on MA -
7.5+ 0.3 cm. The isolate of D. vac-
cinii on PDA was characterized by
a medium pubescent structure,
a dark gray color of aerial myce-
lium with a passing beige edge,
without pycnidia formation, re-
verse side (reverser) — gray with
a beige edge (Fig. 6).

The isolate behaved diffe-
rently on malt agar. The colony
of the fungus was characterized
by a slightly pubescent structure
with a brown-pink raised center
with an even white filamentous
mycelium, the reversum was
poorly visible. The formation of
dense mycelial structures in the
middle of the fungal colony was
noted (Fig. 7).

On the 14™ day, the growth
of the fungus colony on nutri-
ent media was completed and
reached the edge of the plate. On
the PDA, the aerial mycelium of
the D. vaccinii colony had a dark
gray-olive color in the center,
turning into a light olive edge, a
medium pubescent structure, a
homogeneous structure, and a
dark gray reversum. There were
no dense mycelial structures on
this medium.

On malt agar, the colony of
the fungus had a beige-brown raised center with a rol-
ling milky edge, a slightly pubescent structure, an in-
homogeneous structure, and a beige-yellow reversum.
The initial development of pycnidial structures of the
fungus in the center of the colony was observed (Fig. 8).

On the 215t day, the color and structure of the fun-
gus colonies on two nutrient media did not change.
On malt agar, numerous developments of pycnidia
semi-submerged into the substrate was noted, with the
release of the milky mass of fungal spores from the cen-
ter of the pycnidia (Fig. 9).

Thus, in the study, D. vacinii isolate had a deve-
loped aerial mycelium and an average growth rate on
two nutrient media — PDA and MA (1 cm per day). For
the development of pycnidia and conidia, MA medium
turned out to be preferable, which is an important fac-
tor for quick and reliable identification of the pathogen
during the initial diagnosis of regulated plant produc-
tion in laboratory conditions.

Further microscopic examination of pure cul-
tures of the fungus on malt agar revealed pycnidia:
dark, spherical, flat at the base, semi-submerged, lo-
cated over the entire surface, with a decrease in their
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Ha conomoBoM arape W30JISIT MPOSBIAN cebs
nHave. KoysioHus rpuba xapakTepusoBajach cjiabo-
OTTYIIEHHBIM CTPOEHUEM C KOPUUHEBO-PO30BBIM IIPU-
TIOJIHSATHIM IIEHTPOM C POBHBIM GEJIBIM HUTEBUIHBIM
MUleJreM, peBep3yM cjiabo mpocMarpuBajics. OTme-
Jajioch 06pasoBaHyie TNIOTHBIX MUIIENNATbHBIX CTPYK-
TYP B CEpeluHEe KoJIOHUYU rpuba (puc. 7).

Ha 14-e cyTKU pOCT KOJIOHNUY rprba Ha TUTATeb-
HBIX CPeJlaxX 3aBepUIMJICS U JOCTUT Kpasd Jaiku. Ha
KT'A BO3IYIIHBIN MULENUN KOJIOHUU D. vaccinii uMes
B II€HTPE TEMHO-CEPO-0JIUBKOBbIH I[BET, TIEPEXO TN
B CBETJIO-0JIUBKOBBIN Kpall, CpeAHEOmyIlIeHHOe CTPoe-
HUE, ONHOPOLHYI CTPYKTYPY, PEBEP3YM TEMHO-CEPO
okpacku. [1I0THBIE MUIleJIUaJbHbIe CTPYKTYPHI Ha
IaHHOU cpeJie OTCYTCTBOBAJIU.

Ha cosomoBoM arape KoJioHus rpu6a nmesna be-
JKeBO-KOPUYHEBBIN ITPUTIOLHSITHIN LEHTP C TT€PEX0Is-
UM MOJIOYHBIM KpaeM, CJIabooIyIIEHHOE CTPOEHUE,
HEOJTHOPOJHYI0 CTPYKTYPY, PEBEP3YM 6eKeBO-KEJITOM
okpacku. Ha6iromanoch HavyaabHOE Pa3BUTE TIUKHU-
IUWAJIbHBIX CTPYKTYP I'prba B [IEHTPE KOJOHUU (puc. 8).

Ha 21-# meHb LIBET ¥ CTPOEHUE KOJIOHUM T'PU-
6a Ha [BYX NMUTATEJbHBIX CpeJlaXx He U3MEHUJUCH.

number in the direction from the center to the edge of
the cup, single-layer, 0.5-3 mm in diameter, emitting a
mass of cream-colored conidia (Fig. 10-11).

After the 215 day of incubation, 2 types of conidia
were formed in pycnidia: alpha-conidia (a) — hyaline, uni-
cellular, oblong, ellipsoidal — and beta-conidia () — uni-
cellular with bends or almost straight, filiform, hooked,
hyaline. Dimensions a-conidia varied within 6.6-10.6 x
2.6—4.1 um, on average 8.2 + 0.8 x 3.4 + 0.4 ym. The
size of B-conidia was 12.7-24.6 x 1.3-1.7 um, on average
17.9+2.7 x 1.5 + 0.2 um (Fig. 12).

Thus, the species D. vaccinii is characterized by
pycnidia containing 2 types of hyaline non-septic al-
pha and beta conidia. Since beta-conidia are not always
formed, the diagnosis of the pathogen is difficult and
requires additional confirmation using molecular ge-
netic methods.

CONCLUSION

In the course of laboratory studies, in the regulated
production of cranberry seedlings samples, the patho-
gen of blight of blueberry D. vaccinii was isolated and
identified.

Puc. 10. Nonynorpy>keHHble nukHUADI D. vaccinii Ha cpepe MA,  Fig. 10. Semi-submerged pycnidia of D. vaccinii
Bblensioume Maccy KoHmauii (ysenuueHuve B 4 pasa) on MA medium, emitting a mass of conidia. 4x
(choTo A.B. KaMueHKoBa) (photo by A.V. Kamchenkov)

500 mxm

Puc. 11. NMonynorpyxeHHble NUKHUADI D. vaccinii Ha cpepe MA: Fig. 11. Semi-submerged pycnidia of D. vaccinii on MA
a — MUKHUAbI, Bbloensiowme Mmaccy KoOHUaum; medium: a — pycnidia, emitting a mass of conidia;
b — He3penasa nukHuaa (yBenuueHue B 4 pasa) (poto A.B. KamueHkoBa) b —immature pycnidia. 4x (photo by A.V. Kamchenkov)
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Ha cosomoBoM arape oTMedasioCh MHOTOUYUCIEHHOE
pa3BuUTHE MMOJYIIOTPYXKEHHBIX B Cy6CTpaT MUKHUI,
C BBIZIeJIEHHEM U3 IIeHTPa MUKHUJ MOJIOYHOM MacChl
cmop rpuba (puc. 9).

TakuM 06pas3oM, B MCCIIeIOBAHUY U30JIAT D. vacinii
“MeJl Pa3BUTHIY BO3AYIIHBIN MULEJUN U CPeIHIO0
CKOPOCTb POCTa Ha ABYX IUTATEJNbHBIX cpenax — KI'A
1 MA (1 cM B cyTKM). [IJig Pa3BUTUS MTUKHU U KOHU-
Ui IPeNIIOUTUTEeIbHEN OKa3aiach cpefia MA, 4To sB-
JIIeTCS BaXKHBIM (DaKTOPOM JIJIsI OBICTPOM 1 HAZEXKHOM
UAeHTU(GUKAIIMY TTaTOreHa ITPYU HavaJIbHOU AUArHO-
CTUKe MOJKAaPAHTUHHON MPOAYKIIUY PACTeHU B Jia-
60paTOPHBIX YCIOBUSX.

[Tpu JanbHeNIIeM MUKPOCKOTIUPOBAHUY YMCTHIX
KyJbTYp Irpuba Ha COJIOJJOBOM arape BhISBJIEHBI TTNK-
HUJIBl: TEMHBIE, c(pepruecKye, II0CKHe Y OCHOBAaHNS,
TTOJTYTIOT PY’KeHHBIE, PACIIOJIOXKEHHbIE T10 BCE TTOBEPX-
HOCTHU, C YMEHbIIeHNEeM UX YUCcJia 10 HallpaBJIeHUI0
OT IIeHTPa K Kparo YallKy, OMHOCIOMHbIE, IUaMEeTPOM
0,5—3 MM, BBIJIEJIAIONINE MACCy KOHUUU KPEMOBOTO
userta (puc. 10-11).

[Tocye 21-ro AHS MHKYOUPOBAHUS B MUKHUZAX
bopMupoBanuchk 2 TUAa KOHUAWU: albda-KOHU-
nuu (o) — TMaJIMHOBLIE, OLHOKJIETOUHEIE, IIPOLOJIr0OBa-
ThI€, QJIUIICONAHEIE — 11 6eTa-KOHUANY (B) — OLHOKIIE-
TOYHBIE C U3TMOAMY WJIY TIOUTY IIPSIMbIe, HUTEBUIHBIE,
KPIOUYKOBaThie, THAJMHOBbIE. Pa3zMephl a-KOHUAUN
BapbUpOBAaJM B Ipepeax 6,6-10,6 x 2,6—4,1 MKM,
B cpenHeM 8,2 + 0,8 x 3,4 £ 0,4 MKM. Pasmep B-KoHU-
nuit coctaBun 12,7-24,6 x 1,3-1,7 MKM, B CpeZlHEM
17,9+2,7 x1,5+0,2 MkM (puc. 12).

TaxuMm obpasoM, By, D. vaccinii xapaKTepuayeT-
cs MUKHUIAMU, COIEePKAIIMMHY 2 TUIIA TMaJIuHOBBIX
HeCeINTUPOBAHHBIX ajb(a- u 6eTa-KoHUAUN. Tak Kak
GeTa-KOHUAUY 06pa3ylTCS He BCerma, IUarHoCTUKa
rnaToreHa 3aTpygHeHa U TpebyeT HOIOJHUTEIbHOTO
TIOATBEPIKIEHUS C UCIIOIb30BAHUEM MOJIEKYJISIPHO-Te-
HETUYECKUX METOMOB.

3AKJ/IIOYEHUME

B xo/ie 1a60paTOPHBIX MCCIIeIOBAHUY B ITOAKAPAHTHIH-
HOI TPOJIYKITUY 00Pa3Il0B CAXKEHIIEB KIIIOKBbI OBLJI BbI-
IleJieH 1 uAeHTUGUIMPoBaH BO36YIUTEh BA3KON THU-
1 YepHUuKHU D. vaccinii.

ITocjie penBapUTENbHON UAEHTU(UKAIINY, OC-
HOBAHHOH Ha CUMIITOMAaTHUYECKUX 1 Mopdooruye-
CKUX ITPU3HAKaX, ObLJIO TPOBEIEHO CEKBEHUPOBAHME
yuacTka ITS ¢ moATBep)KIeHeM BUI0BOM TPUHAIJIEXK-
HOCTH ITaTOreHa. Pe3ybTaThl aHAIN3a HYKJIEOTUTHBIX
IOCJIeOBAaTEIbHOCTEN UCCIENYEeMBIX U GJIM3KOPOJ -
CTBEHHBIX BUIOB IIPEICTaBJIEHbI B BUE JEeHAPOrpaM-
MBI, BKJIFOUAIOIIEH 6 TPynn (GOMOIICUCHBIX I'PUGOB,
CBSI3aHHBIX C pacTeHuaMu poga Vaccinium.

B mpotiecce u3yueHus naToreHa oblia orpenee-
Ha OIITMMAaJIbHas TUTaTebHAasg CPea IJIs POCTa U CITI0-
pynsSnuuM — coyofoBbii arap (MA). [Tpu HabmIeHUN
32 UMCTOM KyJbTYpPOM Ha 21-11 1eHb UHKy6anuu 656110
BBISIBJIEHO 0Opa3oBaHUe IJIOJOBLIX TeJ Irpuba — MUK-
HUJI C MaCCOM CIMBUCTBIX a- U § ~-KOHUI U,

B pesynbTaTe MPOBEIEHHBIX UCCIIEN0BAHUN MOXKHO
clleJIaTh BBIBOJ, O HEOOGXOAUMOCTH ITPOJIOJIKEHUS U3Y-
YeHUS KyJbTyPaJIbHO-MOP(OJIOTUYECKUX TPU3HAKOB
D. vaccinii v GIM3KOPOACTBEHHBIX BUIOB poza Diaporthe
C IpUMEHEHNEM Pa3IMYHbBIX ITMTATEIbHBIX CPE, a TaK-
’Ke CIToco60B BO3/IeHCTBUS (PaKTOPaAMU CPEIbI, C IIeJIbI0
OBICTPOTO (DOPMUPOBAHMS AUATHOCTUUECKY 3HAUNMbBIX
CTPYKTYp rpuba A5 JOCTOBEPHON UAEHTUDUKAIIUY.

a

Puc. 12. KoHnguu D. vaccinii:  Fig. 12. Conidia of
a-anba (x); b — 6eta (B) D. vaccinii: a — alpha (x);
(yBenuuenue B 40 pa3) b — beta (B). 40x

(choTo A.B. KaMueHKoBa) (photo by A.V. Kamchenkov)

After preliminary identification based on symp-
tomatic and morphological signs, the ITS site was se-
quenced to confirm the species of the pathogen. The
results of the nucleotide sequences analysis of the stud-
ied and closely related species are presented in the
form of a dendrogram, including 6 groups of Phomop-
sis fungi associated with plants of the genus Vaccinium.

In the process of studying the pathogen, the opti-
mal nutrient medium for growth and sporulation was
determined — malt agar (MA). When observing a pure
culture on the 21t day of incubation, the formation of
fruiting bodies of the fungus — pycnidia with a mass of
mucous a- and B-conidia.

As a result of the conducted studies, it can be
concluded that it is necessary to continue the study
of the culture morphological characters of D. vaccinii
and closely related species of the genus Diaporthe us-
ing various nutrient media, as well as methods of expo-
sure to environmental factors, in order to quickly form
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VcciemoBaHue II0Kasajo, YTO IJis CBOeBpeMeH-
HOTro 06HApPyXeHUs M TOUHOU AMArHOCTUKYU BUIA
D. vaccinii pekOMeHIyeTCs UCTI0Jb30BaTh KOMILJIEKC-
HBIM TOA X0/, OCHOBAHHbBIM Ha IPUMEHEHUY BU3YaJIb-
HOT0, 6MOJIOTUYECKOTO ¥ MOJIEKYJISIPHO-TEHETUYECKO-
'O METOZOB.
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diagnostically significant fungal structures for reliable
identification.

The study showed that for the timely detection and
accurate diagnosis of D. vaccinii, it is recommended to
use an integrated approach based on the use of visual,
biological and molecular genetic methods.
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