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SCREENING OF CHERRY LEAF ROLL VIRUS
IN SAMBUCUS NIGRA PLANTS IN UKRAINE

Goal. Cherry leaf roll virus
(CLRY) 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
FEurope, 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. Methods.
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
DAS-ELISA 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 products
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. FLISA and RT-
PCR results showed that §2% of the
tested black elderberry samples were
infected by CLRYV. Conclusions. The
presence of CLRYV, 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 cherry
leaf roll virus in Ukraine.
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Introduction. Cherry leaf roll vi-
rus (CLRV, Nepovirus, Comovirinae,
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].

CLRYV 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,
CLRYV appears not to be transmit-
ted by soil-inhabiting nematodes [8,
9]. More recently, it has been sug-
gested that CLRYV particles released
from roots of infected Chenopodium
quinoa plants are able to migrate
through nutrient solution and infect
healthy C. quinoa plants [1].

CLRYV 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].

CLRYV 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 CLRYV was detec-
ted recently in several downy birch
trees (Betula pubescens Ehrh.) in
Finland [16] and has to be regarded
as of economic importance.

CLRYV 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 CLRYV 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 GenelJet Plant
RNA Puntification Kit; cDNA was
synthesized using RevertAid Re-
verse Transcriptase (Thermo Fi-
sher Scientific, USA) following the
manufacturer’s protocol. Dream-
Tag™ 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 primers 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 (3456,7 05.30.2021 Poltava region

3 [8910,11,12,13,14,15,16,17,18 06.13.2021 Poltava region, Myrhorod district
4 |19 06.19.2021 Poltava region, Lubny city

5 (2021 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 8" June 2019:
a, d — healthy; b — leaf rolling; ¢ — mosaics and leaf rolling; e — mosaics

12

KapaHmuH i 3axucm pocaux

No3 (270), 2022




/

[

3

a

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

e

Fig. 3. Elderberry with CLRV symptoms:
a — CLRYV mild mosaic and leaf rolling symptoms on elderberry at the flowering stage, Kyiv region, 2I* June, 2021;
b — severe symptoms of leaf mosaics during ripening of elderberry clusters,
¢ — healthy plants, 29" August, 2022, Poltava region
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Fig. 4. Detection of CLRYV 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
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Fig. 5. Detection of CLRYV in the
infected leaves using RT-PCR. Gel
electrophoresis shows 412 bp RT-PCR
fragments amplified using RNA from
infected elderberry leaves with primers
Jfor 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)

quality of medicinal raw materials
by reducing 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
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inoculation to peach and cherry
[9]. Langer et al. conducted inves-
tigation with three CLRYV isolates
(elderberry isolate E603, walnut
isolate E326, rhubarb isolate E395)
from different phylogenetic groups,
which were selected and mechani-
cally inoculated on five natural
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woody host plants by stem slashing.
They proved that one year after
inoculation the CLRYV isolate from
black elderberry was able to infect
four out of five plant species: (Sam-
bucus nigra, Sorbus aucuparia, Jug-
lans regia, Betula pendula, but not
Prunus avium) [14]. This suggests
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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 CLRYV, 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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CKpuHiHT Bipycy CKpyYyBaHHA TUCTKiB
YepelnHi y pocainHax Oysunu B YKpaini

Merta. Bipyc ckpyuysanHs nucmkie 4e-
pewni (cherry leaf roll virus (CLRV)) y npupo-
0i ypadcye WupoKuii cnexmp mpas sHucmux
i depesHux pocnuH, pisHi 6udU Oepes, Kyuiis,
€adosux, 0eKopamueHux, OUKOPOCIUX POC-
JIUH | CHPUMUHIOE 3HAMHI eKOHOMIYHI 6mpamu
y 6azamvox kpainax céimy. CLRV na pizHux
6udax Oy3unu nogioomsecs 6 €sponi, CIIA,
Ipani ma Ilieniuniii Amepuui. Ocmanmim ua-
com yeti 8ipyc 6y710 BUAE/IEHO 6 CAOAX Hepeui-
Hi ma euwni 6 Ykpaini. Tecmysanus inuiux
pocnun-xassis, okpim Prunus, posnouamo 6
Yipaini nuwe Hewsodasro. Memoto pobomu
6yn0 OocniOHeHHss POCIuH Oy3uHU HOPHOT
(Sambucus nigra L.). na nasenicmo CLRV
y Ionmascoxiti, Kuiscokiti obnacmsx ma 6
m. Kuis. Meropu. Bio6ip npo6 nposoounu 6
JiMHpo-ocinHiti nepiod 2019—2022 pp. Ha
mepumopii Ilonmascokoi, Kuiscokoi obnac-
meti ma 6 m. Kuis. Taxox ananizysanu spasku
300p0BuUX pocnuH Oy3uHu. Y docnionenHi 6yau
8uUKOpUCMAaHi Mernoou: 8i3yanvHa diazHocmu-
Ka, imyHodepmenmuull anania y moougikauii
DAS-ELISA, excmpaxuis cymaproi PHK, 3T-
IIIP 3 npaiimepamu 00 gpazmenma 3a6006x-
Ku 412 n.1. 3’-HempaHcivo8anol JinaHKu ee-
nomy CLRV, cmamucmuuni memoou 06po6xu
Oanux. IIpodyxmu IUIP posdinanu 6 1,5%
azaposromy 2eni. Ak nosumueHuil KOHMpony
6 DAS-ELISA suxopucmosysanu Komepuiiini
npenapamu CLRV. Pesynbraru. Ha mepumo-
pii Ilonmascvkoi, Kuiscvkoi obnacmeii ma 6
m. Kuie y 2019—2021 pp. 8idibparo ma 0ocri-
Osncero 33 3pasku Oy3uHU 3 03HAKAMU CKPYHY-
BAHHA IUCMKIB Ma MO3AIKU TUCMKIE Pi3HO20
cmynens. Pesynomamu ELISA ma 3T-II/IP
nokasanu, wio 82% 00CnidHeHUX 3pasKie wop-
Hoi 6ysunu 6ynu ingixosani CLRV. BucHos-
ku. Hassuicmy CLRV, tioeo wionueicmo
071 pocnun 6y3unu ma s0amuicmo Sambucus
bymu pesepsamopom sipycy ceiduamo npo He-
00xi0HicMb 00CTIONEHHS WUPULO20 CheKmpa
61016 POCTIUH HA BIPYC CKPYHYBAHHS TUCNKIE
uepewni 6 Ykpaini.
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