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Goal. Cherry leaf roll virus 
(CLRV) infects naturally a wide range 
of herbaceous and woody plants, dif-
ferent species of trees, shrubs, horti-
cultural, ornamental, weed plants and 
causes significant economic losses in 
many hosts and countries. CLRV on 
elderberry species was reported in 
Euro pe, USA, Iran and North Ame-
rica. Recently this virus has been de-
tected in sour and sweet cherry fruit 
orchards in Ukraine. Testing of other 
hosts than Prunus was performed in 
Ukraine only recently. The aim of the 
study was to test the black elderberry 
plants (Sambucus nigra L.). for the 
presence of CLRV in the Poltava 
region and Kyiv regions. Me thods. 
Sampling was carried out in the sum-
mer–autumn period in 2019—2021 
in the territories of the Poltava and 
Kyiv regions and in Kyiv city. Sam-
ples of healthy elderberry plants were 
also analyzed. Visual diagnostics, en-
zyme-linked immunosorbent assay in 
DA S-E LISA modification, total RNA 
extraction, RT-PCR with primers for 
a 412 bp fragment of the 3’ untrans-
lated region of the CLRV genome, 
and statistical data analysis were 
used in this research. PCR pro ducts 
were separated on an 1.5% agarose 
gel. Commercial CLRV prepara-
tions were used for positive controls 
in DAS-ELISA. Results. Thirty three 
elderberry samples with symptoms of 
leaf rolling and mosaics of varying 
degrees were selected in the territory 
of the Poltava and Kyiv regions and 
in Kyiv city in 2019 and 2021 and 
used in the study. ELISA and RT-
PCR results showed that 82% of the 
tested black elderberry samples were 
infected by CLRV. Conclusions. The 
presence of CLRV, its harmfulness for 
elderberry plants, and Sambucus po-
tential to serve as a reservoir for the 
virus indicate the necessity of testing a 
wider range of plant species for ñherry 
leaf roll virus in Ukraine. 
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Introduction. Cherry leaf roll vi-
rus (CLRV, Nepovirus, Comovi rinae, 
Secoviridae, segmented (+) ssRNA) 
naturally infects a wide range of 
herbaceous and woody plants, 
among which are Betula spp., Fa-
gus spp., Fraxinus spp., Juglans spp., 
Ulmus spp., Ramus spp., Sambu-
cus spp., Prunus spp., as well as 
Ligustrum vulgare L., Ptelea trifo-
liata L. and Cornus florida L. [1, 2].

CLRV is naturally transmitted 

through seeds of woody perennial 
hosts which include birch, cherry, 
elderberry, elm, and walnut [3, 4] or 
pollen [5]. It has also been experi-
mentally graft-transmitted by bark 
patches of English walnut trees [6] 
and mechanically transmitted to a 
wide range of herbaceous species 
[7]. Unlike many other nepoviruses, 
CLRV appears not to be transmit-
ted by soil-inhabiting nematodes [8, 
9]. More recently, it has been sug-
gested that CLRV particles released 
from roots of infected Chenopodium 
quinoa plants are able to migrate 
through nutrient solution and infect 
healthy C. quinoa plants [1].

CLRV on elderberry species was 
reported in Poland [10], Germany 
[11, 12], USA [12], North Ameri-
ca [13], Canada [14], Iran (NCBI 
GenBank), and Hungary [12].

CLRV can lead to economic 
losses in walnut production by in-
ducing walnut black line disease, 
which causes necrosis at grafting 
unions with some English walnut 
and rootstock combinations [6]. 
This may lead to subsequent die-
back, a common disease symptom 
especially of woody plants, cha-
racterized by progressive death of 
twigs, branches, shoots, or roots, 
starting at the tips. Significant eco-
nomic losses due to walnut black-
line disease have been reported from 
California [6]. Kegler et al. found 
that CLRV can cause decline and 
dieback in sweet cherry (Prunus 
avium) [15], and CLRV was detec-
ted recently in several downy birch 
trees (Betula pubescens Ehrh.) in 
Finland [16] and has to be regarded 
as of economic importance.

CLRV has been recently detec-
ted in sour and sweet cherry fruit 
orchards in Ukraine [17]. Despite 
the diverse host range of the virus, 
which includes different species of 
trees, shrubs, horticultural, orna-
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mental, weed plants, and significant 
economic losses in many hosts and 
countries due to CLRV infection, 
testing of other hosts than Prunus 
was performed in Ukraine only re-
cently [18]. So, the aim of the study 
was to test the black elderberry 
plants for the presence of CLRV in 
the Poltava and Kyiv regions an in 
Kyiv city.

Materials and methods. Sample 
collection and visual diagnostics. 
Sampling was carried out in the 
summer–autumn period in 2019—
2022 in the territories of the Poltava 
and Kyiv regions and in Kyiv city. 
Visual diagnostics revealed symp-
toms of viral infection on leaves of 
wild-grown black elderberry plants 
(Sambucus nigra L.). Samples of el-
derberry with symptoms and visually 
healthy plants were selected.

Enzyme-linked immunosorbent 
assay. To determine the presence 
of viral antigens, the double-anti-
body sandwich enzyme-linked im-
munosorbent assay (DAS-ELISA) 
was used. The analysis was per-
formed using commercial antibo-
dies against CLRV manufactured 
by Loewe (Germany) in three repli-
cates. Samples of healthy elderberry 
plants were used as negative con-
trols. Commercial CLRV prepara-
tions (Loewe, Germany) were used 
for positive controls. The reaction 
results were recorded on a Thermo 
Labsystems Opsis MR (USA) reader 
with a Dynex Revelation Quicklink 
software at wavelength of 405 nm. 
Samples with absorbance values 
that exceeded the negative control 
at least three times were considered 
positive [19].

RNA extraction, RT-PCR. Total 

RNA was extracted from symp-
tomatic leaves using GeneJet Plant 
RNA Puntification Kit; cDNA was 
synthesized using RevertAid Re-
verse Transcriptase (Thermo Fi-
sher Scientific, USA) following the 
manufacturer’s protocol. Dream-
Taq™ Green PCR Master Mix 
(Thermo Fisher Scientific, USA) 
and specific oligonucleotide primers 
for amplifying a 412 bp fragment of 
the 3’ untranslated region (3’UTR) 
of the CLRV genome were used: 
forward CLRV-5 5’-TGGCGAC-
CGTGTAACGGCA-3’ and reverse 
CLRV-3 5’-GTCGGAAAGAT-
TACGTAAAAGG-3’ [20]. Am-
plification steps using Dream Taq 
Green PCR Master Mix (Thermo 
Scientific, USA) were performed 
using a Genetic Research Instru-
mentation LTD thermocycler 
(UK). The amplification reactions 
were set up as follows: initial dena-
turation for 3 min at 95°C, followed 
by 30 cycles of 95°C for 30 s, 55°C 
for 30 s and 72°C for 45 s. The final 
extension was at 72°C for 5 min. 
The pri mers are expected to amplify 
a 412-bp DNA fragment of CLRV 
3’UTR. PCR products were sepa-

rated on an 1.5% agarose gel with 
DNA markers CSL-MDNA-100bp 
(Cleaver Scientific, UK), and vi-
sualized under UV light. 

Results and discussion. Thirty 
three elderberry samples of with 
symptoms of leaf rolling and mo-
saics were selected in the territory of 
the Poltava and Kyiv regions and in 
Kyiv city in 2019 and 2021 and used 
in the study (Table 1, Fig. 1-3 a). 

In 2022, the especially high fruit 
yield was observed on healthy el-
derberry plants in comparison with 
virus-infected plants (Fig. 3, b, c). 

ELISA results showed that 27 el-
derberry samples contained CLRV 
antigens (Fig. 4).

The results of RT-PCR are con-
sistent with the data obtained by 
DAS-ELISA and demonstrate the 
presence of CLRV in the studied 
samples of elderberry (Fig. 5).

Elderberry in Ukraine and not 
only in our country is a valuable 
medicinal plant and a widely used 
source of dietary supplements. Our 
previous studies with viral diseases 
of purple coneflower, valerian and 
ginseng have shown that viruses 
can significantly deteriorate the 

1. Black elderberry samples used in the study

Sample number Collection date Place of collection

1 1,2 06.08.2019 Poltava region

2 3,4,5,6,7 05. 30.2021 Poltava region

3 8,9,10,11,12,13, 14,15,16,17,18 06.13.2021 Poltava region, Myrhorod district

4 19 06.19.2021 Poltava region, Lubny city

5 20,21 06.21.2021 Kyiv region, Fastiv district

6 22,23,24,25,26,27 06.18.2021 Poltava region

7 28 06.18.2021 Poltava region

8 29,30,31,32,33 06.17.2021 Kyiv city

Fig. 1. Elderberry with CLRV symptoms, Poltava region 8th June 2019: 
a, d — healthy; b — leaf rolling; c — mosaics and leaf rolling; e — mosaics

a b ñ d e
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quality of medicinal raw materials 
by redu cing the amount of biologi-
cally active substances in plants [21, 
2]. On the other hand, there is a 
danger that elderberry plants can 
be reservoirs of the virus. It was re-
vealed that the isolate derived from 
S. nigra could be transmitted by sap 

inoculation to peach and cherry 
[9]. Langer et al. conducted inves-
tigation with three CLRV isolates 
(elderberry isolate E603, walnut 
isolate E326, rhubarb isolate E395) 
from different phy logenetic groups, 
which were selected and mechani-
cally inoculated on five natural 

woody host plants by stem sla shing. 
They proved that one year after 
ino culation the CLRV isolate from 
black elderberry was able to infect 
four out of five plant species: (Sam-
bucus nigra, Sorbus aucu paria, Jug-
lans regia, Betula pendula, but not 
Prunus avium) [14]. This suggests 

a b ñ d e

Fig. 2. Elderberry with CLRV symptoms, Poltava region, 30th May 2021 (a—c) and 13th June 2021 (d, e): 
a — a branch with mosaic leaves and a reduced inflorescence; b — an inflorescence from a healthy plant; c — leaf mosaics; 

d — leaf mosaics and mild leaf rolling; e — healthy branch

Fig. 3. Elderberry with CLRV symptoms: 
a — CLRV mild mosaic and leaf rolling symptoms on elderberry at the flowering stage, Kyiv region, 21st June, 2021; 

b — severe symptoms of leaf mosaics during ripening of elderberry clusters, 
c — healthy plants, 29th August, 2022, Poltava region

à b c

Fig. 4. Detection of CLRV in elderberry samples by DAS-ELISA. 
The commercial preparation (Loewe, Germany) was used as a positive 

control and a healthy-looking plant was used as a negative control. 
Three technical replicates (individual plants) were performed. 

The figure shows the average values of optical density for each sample

Fig. 5. Detection of CLRV in the 
infected leaves using RT-PCR. Gel 

electrophoresis shows 412 bp RT-PCR 
fragments amplified using RNA from 

infected elderberry leaves with primers 
for the viral 3’UTR (lanes 1-8). 

Lane 9 contains DNA markers CSL-
MDNA-100bp (Cleaver Scientific, 
UK). RNA isolated from a healthy-
looking plant was used as a negative 

control (lane 10)



14

Íàóêîâi äîñëiäæåííÿ

Карантин і захист рослин ¹3 (270), 2022

that for this isolate host adaption 
is not stringent and/ or transmis-
sion barriers between host species 
are developed differentially. 

This work was supported by 
the National Academy of Agrarian 
Sciences of Ukraine in the frame-
work of the project 17.01.01.18.F. 
«Development of methodologi-
cal principles for the formation of 
collections of genetic resources of 
medicinal and essential oil plants» 
of research program 17 «Genetic 
resources» (0121U108614).

CONCLUSIONS
Thus, studies conducted in the 

period of 2019—2021 showed that 
27 samples of elderberry plants in 
the Poltava and Kyiv regions were 
affected by CLRV. The other stu-
died samples with symptoms of 
mosaics of different degree and leaf 
rolling could also be infected by vi-
ruses but not by CLRV. These cases 
require further virusologic research. 
The results indicate the importance 
of further research in this field, as 
the presence of CLRV, its harm-
fulness for elderberry plants, and 
Sambucus potential to serve as a 
reservoir for the virus, indicate the 
necessity of testing a wider range of 
plant species for this virus. 
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Скринінг вірусу скручування листків 
черешні у рослинах бузини в Україні

Мета. Вірус скручування листків че-
решні (cherry leaf roll virus (CLRV)) у приро-
ді уражує широкий спектр трав’я нистих 
і деревних рослин, різні види дерев, кущів, 
садових, декоративних, дикорослих рос-
лин і спричинює значні економічні втрати 
у багатьох країнах світу. CLRV на різних 
видах бузини повідомлявся в Європі, США, 
Ірані та Північній Америці. Останнім ча-
сом цей вірус було виявлено в садах череш-
ні та вишні в Україні. Тестування інших 
рослин-хазяїв, окрім Prunus, розпочато в 
Україні лише нещодавно. Метою роботи 
було дослідження рослин бузини чорної 
(Sambucus nigra L.). на наявність CLRV 
у Полтавській, Київській областях та в 
м.  Київ. Методи. Відбір проб проводили в 
літньо-осінній період 2019—2022 рр. на 
території Полтавської, Київської облас-
тей та в м. Київ. Також аналізували зразки 
здорових рослин бузини. У дослідженні були 
використані методи: візуальна діагности-
ка, імуноферментний аналіз у модифікації 
DAS-ELISA, екстрак ція сумарної РНК, ЗТ-
ПЛР з праймерами до фрагмента завдовж-
ки 412 п.н. 3’-нетрансльованої ділянки ге-
ному CLRV, статистичні методи обробки 
даних. Продукти ПЛР розділяли в 1,5% 
агарозному гелі. Як позитивний контроль 
в DAS-ELISA використовували комерційні 
препарати CLRV. Результати. На терито-
рії Полтавської, Київської областей та в 
м. Київ у 2019—2021 рр. відібрано та дослі-
джено 33 зразки бузини з ознаками скручу-
вання листків та мозаїки листків різного 
ступеня. Результати ELISA та ЗТ-ПЛР 
показали, що 82% досліджених зразків чор-
ної бузини були інфіковані CLRV. Виснов-
ки. Наявність CLRV, його шкідливість 
для рослин бузини та здатність Sambucus 
бути резерватором вірусу свідчать про не-
обхідність дослідження ширшого спектра 
видів рослин на вірус скручування листків 
черешні в Україні.

сherry leaf roll virus (CLRV); бузина; 
мозаїка, скручування листків; мето-
ди діагностики; DAS-ELISA; RT-PCR
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