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The objective of this study was isolation of fungi from the grapevine trunks, DNA
extraction and identification of potential esca pathogens in Ukraine. Methods. Isolation
and identification of fungal cultures based on morphology and DNA sequencing. Total
DNA of fungal colonies was extracted by NucleoSpin Tissue kit (Macherey-Nagel, Diiren,
Germany) according to manufacturer s instructions. To amplify ITS region, ITS1 and ITS4
primers were used. The PCR products corresponding to the size of approx. 550 bp. were
sequenced and the obtained nucleotide sequences were analysed using CLC Main Work-
bench 5.0 (CLC bio, Aarhus, Denmark). Results. Determination of potential pathogens
complex showed the presence of species associated with “trunk diseases”. Among spe-
cific esca pathogens 3 isolates of Cadophora luteo-olivacea were found out. Esca-affected
samples also showed the presence of Eutypa lata (causal agent of Eutypa dieback) and
Botryosphaeria dothidea, (causal agent of Botrioshaeria dieback). Conclusions. DNA
identification of fungal pathogens showed a discrepancy in species composition between
asymptomatic plants and esca-affected plants. Esca-affected cultivars showed the presence
of Eutypa lata and Botryosphaeria dothidea, which were absent in asymptomatic plants.

Keywords: grapevine trunk diseases, esca, Cadophora luteo-olivacea, PCR, DNA se-
quencing.

Grapevine trunk diseases (GTD) are currently considered one of the most
relevant challenges for the viticulture (Fontaine et al. 2016) from which viti-
culture of European countries, including Ukraine, has been suffering during
the last 20 — 30 years [1, 2]. These diseases are mostly chronic and leads to a
progressive decrease in yield and grapevine longevity [3]. In Ukraine, esca has
been found in almost all wine-growing regions (Odessa, Mykolaiv, Kherson,
and rarely Transkarpation region). It heavily affects cv. Cabernet Sauvignon
and its descendant — Odessa black (Alibernet) cultivar.

Esca is caused mostly by a complex of fungal pathogens including Pha-
eomoniella chlamydospora, Phaeoacremonium species, Cadophora ssp. and
Fomitiporia mediterranea [4].

Foliar symptoms mainly appear in Vitis vinifera L. cvs, whereas in rootstock
varieties endophytic lesions manifest more clearly.

Esca symptoms vary each year and depend on a range of factors, primarily
genotype resistance, meteorological conditions in a certain year, etc. [5, 6].
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In many wine-growing countries of the world, the control of this disease
includes sanitary selection in the systems of certified plant material production,
first of all, laboratory diagnostics of esca pathogens [7].

In Ukraine, as the number of infected vineyards has increased, esca screen-
ing has become mandatory for sanitary control in the certification system of
plant material [8]. However, detection of esca pathogens has not been previ-
ously conducted using DNA analysis such as sequencing.

The objective of this study was 1) isolation of fungi from the grapevine
trunks i) DNA extraction and identification of potential esca pathogens in
Ukraine.

Materials and methods. Grape clones and varieties bred at National Scien-
tific Center “Tairov Research Institute of Viticulture and Wine-Making” were
studied. The visual sanitary selection of each plant was conducted on clone
trial plots and repository of clones in glass-house. In order to determine the
sanitary state of rootstock varieties, a degree of endophytic wood damage was
evaluated. Isolation and identification of fungal cultures based on morphology
and DNA sequencing was carried out.

Isolation and identification of fungi from severely symptomatic plants. For
isolation of fungal cultures a two-year old shoots from upper parts of vine
plants were used. Shoots were debarked and cut to 2 cm long segments. These
segments were washed in distilled water, disinfected one minute in 2% sodium
hypochlorite and washed two times with sterile distilled water. Segments were
longitudinally cut and small discoloured or necrotic pieces of the wood were
aseptically placed on malt extract agar, MEA (Sigma-Aldrich; St. Louis, MO,
USA) supplemented with 0.5 g/l of streptomycin sulphate (Biosynth, Staad,
Switzerland) and cultivated in dark up to 20 days at 25°C. From each segment
three petri dishes with nine pieces of wood were prepared. To obtain fungal
isolates growing mycelia were replaced to PDA (HiMedia, Mumbai, India)
and cultivated at the same conditions. For DNA isolation fungal isolates were
morphologically grouped and single-spored.

Total DNA of fungal colonies was extracted by NucleoSpin Tissue kit
(Macherey-Nagel, Diiren, Germany) according to manufacturer’s instructions;
20 mg of fungal culture were collected from the PDA plates for DNA
isolation. Identification of cultivated fungi was performed via amplification
and sequencing of genes for internal transcribed spacer (ITS). To amplify ITS
region, ITS1 and ITS4 primers were used (White ez al., 1990) [9]. Conditions
for PCR amplification were used as described in Eichmeier et al. (2016) [10].
The PCR products corresponding to the size of approx. 550 bp. were sequenced
as described by Eichmeier et al. (2010) [11]. The obtained nucleotide sequences
were analysed using CLC Main Workbench 5.0 (CLC bio, Aarhus, Denmark)
Assignments of individual cultures proposed by CLC main workbench was
subsequently confirmed by blast within NCBI using “reference genome
sequence” database and by using sequences uploaded by Westerdijk Fungal
Biodiversity Institute (former CBS-KNAW) as a reference. Samples were
also controlled at morphological level by comparison with already determined
isolates provided by Universidad Politécnica de Valencia in Spain.

66 ISSN 1028-0987. Mixpobion. scypn., 2019, T. 81, Ne 2



Results. Esca foliar and endophytic symptoms manifestation.

To visually determine a level of esca infestation of each plant, distribution
of affected plants into 4 groups by a degree of foliar symptoms manifestation
(1— pre-esca, 2 — 30% of foliage damage, 3 — 4 up to 50 and up to 100%
of foliage damage, respectively) was proposed. The visual state of Dobrinja
rootstock plants, which belong to the first and fourth groups, is presented in
Fig. 1-2.

Dobrinja rootstock variety derived from susceptible to esca Cabernet
Sauvignon and resistant to this disease Rupestris du Lot cultivars. It responds
to the infection by both the foliar symptoms and endophytic lesions.

Fig. 2. Symptoms of esca (group 4) on Dobrinja rootstock variety

To evaluate the state of rootstock varieties, assessment of endophytic symp-
toms, which most often appeared in the form of concentric xylem lesions, was
used (Fig. 3).

Identification of grapevine trunk disease pathogens based on sequencing.
Determination of potential pathogens complex (Table 1, 2) showed the presence
of species associated with “trunk diseases”. Among specific esca pathogens 3
isolates of Cadophora luteo-olivacea were found out.
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Fig. 3. Concentric xylem lesions on Dobrinja variety

Table 1

DNA identification fungal isolates on asymptomatic samples
of rootstock clones bred at National Scientific Center
“Tairov Research Institute of Viticulture and Wine-Making”, 2018

Clone or code

Cultivar

Identification

5SBB 9191 Berlandieri x Riparia Kober 5 BB Acaromyces sp.
Scopulariopsis sp.,
SBB 211161 Berlandieri x Riparia Kober 5 BB Saroclt'zdzum 3P
Alternaria alternata,
Cadophora luteo-olivacea
101-14 4923 Riparia x Rupestris 101-14 Alternaria sp., Acremonium spp.
41B 3721 Chasellas white x Berlandieri 41 B Alternaria sp.
CO4 1791 Berlandieri x Riparia CO4 Alternaria sp.,
Cladosporium sp.
C04 97101 Berlandieri x Riparia CO4 Diplodia seriata*
Riparia Gloire 5941 Riparia Gloire Alternaria sp.

Table 2

DNA identification fungal isolates on Dobrinja rootstock variety
and Cabernet Sauvignon reference variety with esca symptoms
(NSC “Tairov Research Institute of Viticulture and Wine-Making”, 2018)

Clone or code Cultivar Identification

Dobrinja 1-1-1 Dobrinja Diaporthe viticola*, Eutypa lata*
Dobrinja 1-1-2 -/- Quambalaria sp.
Dobrinja 1-1-3 -/ - Alternaria sp.

Dobrinja 2-1-4 -/- Alternaria sp., Fusarium sp.
Dobrinja 3-1-1 -/- Botryosphaeria dothidea™
Dobrinja 9-2-1 -/- Pyrenochaeta sp

CS-1 Cabernet Sauvignon Aureobasidium pullulans
CS-2 Cabernet Sauvignon Epicocum nigrum

*fungal pathogens associated with GTD diseases other than ESCA (Phomopsis dieback, Eutypa
dieback and Botryosphaeria dieback, respectively)
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Discussion. Recent studies have demonstrated that Phaeoacremonium spp.,
Phaeomoniella chlamydospora [12] and Fomitiporia mediterranea [13] are as-
sociated with the esca disease. However, often E. lata and Botryopshaeriaceae
are also present in the wood of esca affected grapevine [14]. The main fungal
agents associated with Petri disease (“young vine decline”) are P. chlamydo-
spora and Phaeoacremonium spp. [15], but it also related with Cadophora
luteo-olivacea. C. luteo-olivacea has been isolated from the wood of grapevine
with internal symptoms both esca and Petri disease [16].

Hofstetter et al. (2012) published that Cadophora luteo-olivacea were pres-
ent in approximately the same ratio (nearly 70 % of samples) both in esca-
affected and in asymptomatic plants. Eutypa lata and Alternaria infectoria
were more often isolated from plants with esca symptoms [17].

Ukrainian samples without esca symptoms showed a presence of Cadopho-
ra luteo-olivacea, (3 isolates) one of the typical species associated with esca
and Petri diseases. Esca-affected samples also showed the presence of Eutypa
lata (causal agent of Eutypa dieback) and Botryosphaeria dothidea (causal
agent of Botrioshaeria dieback) which were absent in asymptomatic plants.
On symptomless samples Diaporthe viticola, the causal agent of Phomopsis
dieback was found out, too.

However, other typical species associated with esca in European wine-
growing countries (Phaeomoniella chlamydospora, Phaeoacremonium sp.,
Fomitiporia mediterranea) were not detected on the samples.

It could be caused by the fact that we used only two years old wood of
grapevines in this study and many of known trunk pathogens could be detected
in the older wood that is called trunk.

Therefore, in order to obtain the whole picture regarding the esca pathogens
in Ukraine, it is advisable to conduct additional research using European variet-
ies from different vineyards of Ukraine.

Conclusions. Visual assessment of clones of rootstock varieties bred at
NSC “Tairov Research Institute of Viticulture and Wine-Making” showed the
absence of external and endophytic symptoms of esca disease. In Dobrinja
rootstock variety both external (from pre-esca to overall canopy damage) and
endophytic symptoms were manifested.

DNA identification of fungal pathogens showed a discrepancy in species
composition between asymptomatic plants and esca-affected plants. Esca-af-
fected varieties showed the presence of Eutypa lata and Botryosphaeria do-
thidea, which were absent in asymptomatic plants. To some extent, it allows
to assume their connection with esca disease development. One of the typical
species associated with esca, Cadophora luteo-olivacea (3 isolates) were found
out.
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BUSIBJEHHS MATOT'EHIB XBOPOB BATATOPIUHOI
AEPEBUHHW BUHOT'PALY HA HIAIEITHUX
COPTAX BUHOI'PAJY B YKPAIHI
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Pesome

MeTo0 poboTH Oyrno BUAITEHHS TpHUOIB 3 BHHOTPAJHHUX IITaMOiB, BUIIICHHS
JHK Ta BUSBICHHS MOTCHIIIHUX MAaTOTEHIB €CKM B Ykpaini. Meronmn. BunaineHHs Ta
ineHTUdIKaII0 TPUOHUX KYJIBTYp MPOBEIACHO Ha OCHOBI MOp(oIIOrii Ta CeKBEeHYBaHHs
JHK. 3aransaa JIHK rpunbnux xomoHiit Oyma ekctparoBana Habopom NucleoSpin Tissue
(Macherey-Nagel, Diiren, Himeuunna) 3rigHo 3 iHCTpyKIisiMH BUpoOHUKa. {7t amrutidi-
kauii ITS-o6nacti BukopucroByBanu npaimepu [TS1 1 ITS4. TIponykru I1JIP, o Binmo-
Bimanu po3mipy 6mm3eko 550 bp, cexBenyBamn. OTpuMaHi HYKJICOTHAHI TOCTITOBHOCTI
anami3ysanu 3a ponomororo CLC Main Workbench 5.0 (CLC bio, Aarhus, Denmark).
Pesynbrarn. BusHaueHHs! BUAOBOTO CKJIa/y MOTEHIIMHUX 30y/JHUKIB KOMILIEKCY €CKU
MOKAa3ao MPUCYTHICTh BU/IB, AKi TIOB’s3aHi i3 XBOpoOaMu OaraTopiqHOl IEpPEBUHN BH-
Horpany. [lpu ipomy Oyno BusiBneHo 3 i3onsatu Cadophora luteo-olivacea, sixka BiHO-
CUTBCS 10 CHEIU(IYHUX TATOr€HIB KOMIUIEKCY €CKH. 3pa3KH, YPaXKeHi eCKO0, MTOKa3alu
TaKOX TPUCYTHICTh BUAY Eutypa lata (30ynHUK BiIMHUpPAaHHS BUHOTPANy — €yTHIIO3Y —
eutipa dieback) i Botryosphaeria dothidea (30ynank Bimmupanus — botrioshaeria dieback).
BucnoBkn. JIHK-ineHTH}iKaIlis TPHOHIX ATOTCHIB [MOKa3ajia PI3HUIIIO Y BUIOBOMY CKJia-
Il Mk O€3CHIMITTOMHUMH POCIITHAME BUHOTPAIY Ta POCIMHAMH, YPAKSHUMH €CKOI0. 3pas-
KM 13 CHMITTOMaMH €CKH TIPOJIEMOHCTPYBAJIM HAsIBHICTh BUAIB Eutypa lata 1 Botryosphaeria
dothidea, sixi Oynu BiZICyTHI B 0€3CUMITOMHUX POCTHHAX.

Kniouosi cnosa: xBopoOu 6aratopiuHoi JepeBUHN BUHOTpany, ecka, Cadophora luteo-
olivacea, T1JIP, cexBenyBanns JJHK.

BBISIBJIEHUE ITATOTEHOB BOJIE3HEN MHOFOJIETHEfI
JPEBECHUHBI BUHOTI'PAJA HA IOABOUHBIX COPTAX
BUHOI'PAJJA B YKPAUHE
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Hayuonanvnwiii nayunviii yenmp «Mncmumym eunozpadapemea u eunooenus um. B.E. Tauposa»
HAAH Ykpaunwl, yn. 40 nem Ilobeovt, 27, Odecca, 65496, YVkpauna
2Menoenesckuii ynusepcumem, yi. 3emnedenvcka, 1/1665, bpro, 613 00, Yexus

Pesome

Heabio paboTsl ObUTO BBIIEIEHNUE TPUOOB W3 BUHOTPAJHBIX MITAMOOB, BBIICICHUE
JHK u BpIsIBIIEHHE NOTEHIMAIBHBIX TATOI€HOB 3CKU B YkpauHe. Meroasbl. Beiienenue u
UIeHTU(HUKALUS TPUOHBIX KYJBTYp IPOBEJCHBI HA OCHOBE MOP(OJIOrHU M CEKBEHHPOBa-
aust JIHK. O6mas JIHK rpuOHbIX KoJI0HUE ObL1a SKCTparnpoBana Habopom NucleoSpin
Tissue (Macherey-Nagel, Diiren, [epmanus) cortacHO HHCTPYKITUAM TPOU3BOIUTENS. J{is
ammmndukanun 1TS-o6macti ucnons3osanu npaiiMepst ITS1 u ITS4. Tpoxykrsr ITLIP,
COOTBETCTRBYIOIIHE pasMepy okoio 550 bp, cekBennpoBaiu. [ToydeHHbIE HYKICOTHIHBIE
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HOoCIIeI0BaTeIbHOCTH aHanu3uposain ¢ nomoinsto CLC Main Workbench 5.0 (CLC bio,
Aarhus, Denmark). Pe3yasTarsl. Onpeenenne BUJOBOTO COCTaBa MOTCHITHATBHBIX
BO30yIUTENEH KOMITIIEKCA ICKH TT0Ka3ajo MPHUCYTCTBUE BUJIOB, CBS3aHHBIX C OOJIC3HSIMHU
MHOTOJIETHEH JipeBecuHbl BUHOrpaa. [Ipu atom Obwio BhisiBieHO 3 n3onsta Cadophora
luteo-olivacea, koTOpas OTHOCUTCA K cHeUH(UYECKUM MATOTeHaM KOMIUIEKCA ICKH.
OO0pas1bl, MopaKeHHbIE ICKOH, TIOKa3alll TaKKe NpUCyTcTBUE BUaa Eutypa lata (Bo3Oy-
JUTENh OTMUPAHUS BUHOTpaaa — 3yTuno3 — eutipa dieback) u Botryosphaeria dothidea
(Bo30yauTens otmupanus — botrioshaeria dieback). BeiBoabl. JJHK-naenTudukanms
IPUOHBIX TTATOTEHOB ITOKA3aja Pa3IndKe B BHJIOBOM COCTABE MEX/Y OCCCHMIITOMHBIMH
pacTeHUsIMH BUHOTPAJla U PACTCHUSIMH, [TOPAKEHHBIMH 3CKOil. OOpasipl ¢ CUMIITOMaMH
9CKH BBIIBWIIN HaJIW4ue BUAOB Eutypa lata n Botryosphaeria dothidea, XxoTopble OTCYT-
CTBOBAJIM B OCCCHMITOMHBIX PACTCHHSX.

Kniouesvle cnosa: 60ne3HN MHOTOJIETHEH JpeBECHHBI BUHOTpaja, acka, Cadophora
luteo-olivacea, T111P, cexsernnpoBanue JJHK.
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