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Sampling for vegetative propagation:
A phytosanitary status survey of grapevines collection
by One Step RT-PCR method
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Purpose. Grapevines (Vitis spp.) are affected by many viral diseases which cause serious pathological problems. GLRaV-3
is among the most widespread leafroll viruses, while Grapevine Fanleaf Virus (GFLV) is a destructive pathogen which reduces
the lifespan of grapevine. Considering the impact and the spread of these diseases, our objective was to analyse the presence
of these two viruses in several grapevine varieties in grapevine collection at ATTC Vlore. Data gathered from plant pathogens
serve to better understand and prevent the spread of pathogens, as a mandatory rule for the quality control of certified
plant material during vegetative propagation. Method. The presence of two common viruses were tested using virus specific
primers; LC1/LC2 primer pair designed from the hHSP70 gene for detecting Grapevine Leafroll-associated Virus-3 (GLRaV3)
and €3390/H2999 primer pair, designed from coat protein coding regions for detecting Grapevine Fanleaf Virus (GFLV), in
six varieties; ‘Merlot’, ‘Kallmet’, ‘Shesh i zi’, ‘Shesh i bardh€’, ‘Debiné&’, and ‘Puléz’, provided through a randomised sampling
procedure. One Step Reverse Transcription Polymerase Chain Reaction assay was used to detect the viral presence. Results
showed a high (100%) prevalence of GLRaV3 virus in all of analysed samples, as the most frequent among the two pathogens.
Analysis for of GFLV virus showed low infection rate, being present in only one sample. Conclusions. We herein show an
efficient, fast and reproducible method for detecting grapevine viruses through one step RT-PCR. Our results suggest that

sampling of the infected plant material should be avoided due to the presence of viral infections.
Keywords: one step RT-PCR; RNA extraction; grapevine varieties; GLRaV3; GFLV; vegetative propagation.

Introduction

Grapevine (Vitis spp.) is one of the most
important economic species in the world [4] at
the same time showing the highest number of
intracellular infections. Among the potential
listed threats are bacteria, fungi, oomycete
and viruses with distinct characteristics, in-
fection mechanisms and evasion strategies [1].
To date, there are more than 60 viral species
reported to infect grapevines [13]. The main
viruses infecting grapevines are closteroviri-
dis which are associated with leafroll disease;
flexiviridis related to rugose wood disease
complex; and nepoviruses, which are respon-
sible for fanleaf degeneration, as a major econo-
mic threat.

The production of propagative material has
a beneficial impact on the health conditions of
the viticultural industry. It implements stra-
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tegies such as sanitary improvements of the
crops and certification of nursery products
for assuring quality standards [13]. In the very
specific case of grapevine certification, it in-
volves detection of viral infections, clonal iden-
tification and viticultural performance. As cer-
tified virus-free vineyards are more productive
and have reported fewer problems, efforts are
made to provide high standards to harmonize
grapevine certification protocols, in order to en-
sure that no viticultural region is compromised
by the introduction and spread of diseases [6].
In this study we have analysed the presence
of Grapevine leafroll associated virus-3 (GL-
RaV-3), a phloem limited virus, being wide-
spread and producing significant economic
losses around the world [16] and Grapevine
fanleaf virus (GFLYV), one of the most-studied
Xiphiniema nematode transmitted virus due
to its negative economic impact on grapevine,
causing fanleaf degeneration as one of the
most severe and destructive viral disease of
grapevine, reducing fruit quality and longe-
vity of vineyards [5, 21]. Considering the de-
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structive potential and economic loss these
viruses cause, the main aim of the research
was to establish a reliable and efficient proto-
col for detecting viruses in grapevines through
RT-PCR. This technique is recommended by
EPPO (European and Mediterranean Plant
Protection Organization) as an appropriate
method for certification, mainly due to detec-
tion of several plant viral infections, including
leafroll (GLRaV’s) and especially Fanleaf (GFLV)
virus, being rapid, sensitive, reliable, reducing
the contamination risk and circumventing the
problem with low viral concentration, compared
to serological techniques [3, 13, 19, 24].
RT-PCR has gained a lot of popularity for
detection and diagnosis of plant viruses. As
one of the most frequently used diagnostic
technique, it is well established, validated and
standardized. In addition, RT-PCR is known
for its high sensitivity, ease of implementa-
tion and relatively low cost [18, 23]. However,
other advanced techniques are currently in
use for plant diagnostics such as: array tech-
nologies (which allow simultaneous detection
of multiple plant viruses), quantitative PCR,
and NGS (next generation sequencing) a revo-
lutionary technique used to discover and char-
acterize novel viruses and viral strains [23].
Reliable, early and correct detection methods
are the most effective actions to develop cont-
rol strategies for plant viral diseases manage-
ment [18] however the future challenge might
be to design strategies for preventing a quick
sanitary deterioration of vineyards [13]. The
aim of this study is to help in estimating the
feasibility of grapevine sampling for vegeta-
tive propagation. This is relevant in context of
mandatory rules for the use of certified plant
material for vegetative reproduction, as an ef-
fective way to prevent the spread of pathogens.

Material and methods

Plant material and RNA isolation

Samples were taken randomly from mature
leaves, petioles and phloem tissue of six varie-
ties: ‘Merlot’, ‘Kallmet’, ‘Shesh i zi’, ‘Shesh i
bardhé’, ‘Debiné’, ‘Puléz’. Pestles, mortars,
and all glassware were kept for 4 hours at
200 °C [9] and plasticware autoclaved before
use [4]. Samples were homogenized using mor-
tar and pestle in liquid nitrogen. Two extrac-
tion protocols were followed; CTAB-TRIzol®
and CTAB-LiCl. The first was a modified
CTAB-TRIzol® combination method, where
the first step is treatment with CTAB solution
[9] followed by TRIzol® extraction protocol,
according to the manufacturer’s protocol
(TRIzol® Reagent, Invitrogen) [8]. According-
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ly, about 100 mg of pulverized plant material
was treated for ten minutes at 56 °C in 900 nl
CTAB solution (2% CTAB, 100 mM tris HCI,
20 mM NaEDTA, 1.4M NacCl, 2% PVP) where
1% B-mercapthoethanol was added prior to use.
The samples were centrifuged and the suspen-
sion was treated with 900 ul TRIzol and incu-
bated at 4 °C overnight. The following proce-
dures were based on manufacturer guidelines
and consist of; adding twice 0,2 ml chloro-
form, incubation for 5 minutes and centrifu-
gation for 15 min. Isopropanol was added to
the aqueous phase, incubated for 10 min, the
pellet was washed with 75% ethanol, centri-
fuged, air dried, and resuspended in 50 pul
RNase free water.

The second method is CTAB- LiCl protocol
according to Ling et al. [11]. During the first
step, samples were treated with 1ml of 3%
CTAB solution and incubated at 65 °C for 30
minutes with occasional shaking. The superna-
tant was collected and centrifuged for 15 min
at room temperature. An equal volume of chlo-
roform-isoamyl alcohol (24 : 1, v/v) was added
and centrifuged. The supernatant was collec-
ted and 1/3 volume of 10M LiCl was added and
overnight incubated at 4 °C. The other extrac-
tion steps were performed as previously repor-
ted [11]. The spectrophotometric absorbance
was evaluated at 230, 260, and 280 nm, using
a UV-3100PC (VWR) spectrophotometer. The
integrity of extracted RNA was evaluated on
1% agarose gel. The data were analysed using
JMP 16 Statistical Software.

RT-PCR Analysis

Reverse transcription reactions were carried
out with SuperScript IV One Step RT-PCR sys-
tem (Invitrogen) with LC1/LC2 primers de-
signed from the hHSP70 gene for GLRaV3 vi-
rus [15] and H2999/C3310 primers for GFLV
virus, designed from coat protein coding re-
gions [12]. The amplification was performed in
a total volume of 25 ul, containing: 12,5 ul 2X
Platinum™ SuperFi™ RT-PCR Master Mix,
10 pM specific forward and reverse primer,
0.5 pl SuperScript™ IV RT Mix, a maximum
of 0.5 ng RNA template and nuclease free wa-
ter up to 25 pl. The PCR reactions were carried
out on a thermal cycler 2720 (Applied Biosys-
tems) using the following program; 30 minutes
reverse transcription at 52 °C, denaturation at
94 °C for 5 min, 35 cycles at 94 °C for 30 sec,
annealing at 52 °C for 30 sec (GLRaV3) and
60 °C (GFLV), 72 °C for 50 sec and a final ex-
tension at 72 °C for 7 min as described by Os-
man and Rowhani [17], Turturo et al. [21] (Tab-
le 1). Each of the experiment was repeated at
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least three times to assure the reproducibility
of the assay. The amplified products were resol-
ved by electrophoresis on 1.5% agarose gel buf-

fered in TBE (45 mM Tris-borate, 1 mM EDTA)
and visualised using UV light after staining
with GelRed (Biotium).

Table 1
Sequences of specific primers for detecting GLRaV3 and GFLV in grapevines
Virus Primer sequence Amplified DNA size | Reference
LC1 5" CGCTAGGGCTGTGGAAGTATT 3’
GLRaV3 || (2 5 GTTGTCCCGGGTACCAGATAT 3 546 bp [15]
H2999 5’ TCGGGTGAGACTGCGCAACTTCCTA 3’
GFLY' 1 £3310 5 GATGGTAACGCTCCCGCTGCTCTT 3 312 bp [12]

Results and discussion

The nucleic acid isolation method is a critical
factor for success, influenced by multiple pa-
rameters, including the efficiency of isolating
extracts containing enough RNA and free of
inhibitors. However, RNA isolation procedure
can be challenging due to the presence of phe-
nolic compounds and polysaccharides in woody
plants tissues, including grapevines. These fac-
tors could substantially inhibit PCR reactions
components [10, 17]. Phenolic compounds bind
to proteins and nucleic acids forming high mo-
lecular weight complexes, meanwhile polysac-
charides tend to co-precipitate with RNA, re-
maining as contaminants in the final extract.
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Comparative results of the two methods used
for isolation of the RNA showed that the me-
thods we have used were efficient and reprodu-
cible for RT-PCR analysis. Choosing the ap-
propriate extraction method is essential for
detecting grapevine viruses through molecular
diagnostic techniques and one must consider
the simplicity and reproducibility of it [13].
The results of this study point out that RNA
extraction procedures performed are suitable
for routine use in diagnostic laboratories. CTAB-
TRIzol® procedure is relatively rapid and pro-
duces a high total RNA yield, meanwhile using
CTAB-LiCl resulted as an effective procedure to
obtain high purity RNA, free from phenolic and
polysaccharides compounds (Fig. 1).
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Figure 1. Boxplot chart comparing (a) CTAB-LiCl and CTAB-TRIzol® total yield/100 mg FW and (b) RNA purity
A, /A, ratio for both extraction methods. Charts were built using statistical software JMP 16

Among the two methods used, RNA-TRIzol®
extraction resulted in higher RNA yield of
9.55 = 1.74 pg/mg, while CTAB-LiCl method
recorded a total yield of 8.83 = 0.96 ng/mg
(Fig. 1a). On the other hand, CTAB-LiCl re-
sulted in higher purity ratio 2.049 = 0.07,
while CTAB-TRIzol® recorded an average ra-
tio of 1.85 = 0.13 (Fig. 1b). High molarity
LiCl solution precipitate RNA from DNA and
favours larger transcripts precipitation, howe-
ver CTAB+LiCl is a time consuming method

166

[4]. RNA purity, defined by A260/280 ratio,
is a measure of proportion between RNA and
protein [2] and showed that CTAB-LiCl me-
thod provided a value of around 2 for the RNA
purity, which make it a suitable method for
RNA extraction.

The average incidence of infection for each
tested virus was 100% for GLRaV3 and 2.8%
for GFLV for the cultivars under study (Tab-
le 2). Our findings are similar to previous re-
ports, like that of Handevi¢ et al., [7] who
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have detected the presence of GLRAV3 virus
in around 95% of the studied samples. These
results indicate that GLRaV3 virus is more
frequent in terms of distribution compared to
GFLV, as previously reported by serological
assays performed [20]. Merkuri et al., [14]

reported that GFLV was the least represented
virus in native varieties with an infection rate
of 5.5%, observed in 5 out of 16 cultivars
tested. Meanwhile leafroll disease is present
in native and foreign cultivars, exceeding an
incidence of 60% in certain varieties.

Table 2

Analysed cultivars and overall infection
(number of samples infected/total number of samples tested)

Cultivar ‘Merlot’ | ‘Sheshizi’ | ‘SheshiBardhé&” | ‘Kallmet’ | ‘Debiné&” | ‘Puléz’ | Overall infection
GLRaV3 virus 6/6 6/6 6/6 6/6 6/6 6/6 100%
GFLV virus 0/6 0/6 0/6 0/6 1/6 0/6 2.8%

The phytosanitary conditions of Albanian viti-
culture do not have any significant difference
compared to the neighbouring and Mediterra-
nean countries. These conditions require ade-

quate measures to improve the sanitary quality
of the crop through selection and sanitation pro-
grammes, similarly with those administered in
several countries of Mediterranean region [14].

Figure 2. Gel electrophoresis images of tested samples in 1.5% agarose gel.
(a) All samples of ‘Merlot’ variety tested for GLRaV3, (b) M — 100 bp, 1 — ‘Kallmet’, 2 - ‘Pulés’,
3 —‘Shesh i zi, 4 — ‘Shesh i Bardh€&’, 5 - ‘Merlot’, 6 — ‘Debing&’, 7 — Positive Control, 8 — Negative Control,
(c) M - 100 bp, 1 — Negative control, 2 - Positive control, ‘Pulés’ (3, 4), ‘Debiné’ (5, 6), ‘Kallmet’ (7, 8, 9),
‘Shesh i bardhé&’ (10, 11, 12), and ‘Shesh i Zi" (13, 14, 15) tested for GLRaV3

Expected fragment length with LC1/LC2
primer pair is 546 bp [15], as it’s shown in the
figure 2a and 2c¢, where amplified fragments
consist of 546 bp and can be observed in all of
the studied samples. The analysis for the pre-
sence of GFLV virus tested by H2999/C3310
primer pair, resulted in an expected amplified
fragment size of 312 bp [12] as it’s shown in
the Figure 2b, recorded from one of the ‘Debi-
né’ variety samples.
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Conclusions

In this study we have analysed the presence
of viral diseases through an effective, reliable
and reproducible assay. Considering the high
frequency of infected vineyards by GLRaV3
and the relatively lower presence but conside-
rable threat of GFLV, we conclude that sam-
pling of plant material from analysed grape-
vines plantation is accompanied with the risk
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of viral transmission diseases, thus this prac-
tice is not suggested to be used. With a focus
on certification, it’s essential to adapt an ac-
tion plan with measures against harmful patho-
gens. It’s suggested to replace infected gra-
pevine plants, as a measure to maintain the
disease under control. Prevention of viral dise-
ases spread across vineyards can prevent plant
deterioration, increase product quality and
provide sanitation at the same time.
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Merta. Pocnunu BuHorpapy (Vitis spp.) ypaxytoTbcs 6aratb-
Ma BipyCHUMU 30YAHWKAMM, WO CNPUYUHAIOTL TXHI Cepio3Hi
3axBOpIOBaHHA. [lo HAMNOWMPEHIWMX Hanexarb BipyC CKpy-
yyBaHHsA nucts BuHorpagy (GLRaV-3) Ta Bipyc kopoTkoBy3ns
BuHorpagy (GFLV), necTpykTMBHMI natoreH, fKWUii 3MEHLYE

TPUBANiCTb XKUTTA BUHOTPAAHOT 103U. 3 OMAALY Ha BaXIUBICTb
i NOWMPEHHSA 3aXBOPIOBaHb, WO CNPUYUHAIOTLCA 3rafaHUMK
Bipycamu, Hawot MeTolo Oyno npoaHanisyBat iXHK npu-
CYTHiCTb y copTax BUHOrpagy 3 konekuii LleHTpy TpaHcdepy
ArapHux TexHonoriit (ATTC Vlore). OTpumaHi gaHi npo pocanH-
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Hi natoreHu noTpibHi Ans 3anobiraHHA ixHbOMy nowmpeHHio  ‘Debiné’ i ‘Puléz’ - 3giiicHioBanyM 3 BUKOPUCTAHHAM MpoLeaypu
i € 000B'A3KOBUMM [ KOHTPOJIOBAHHA AKOCTI cepTudikoBa-  paHAOMi30BaHOT BUGipkK. Pe3ynbratu. HaitnowwupeHiwum Bi-
HOTO POC/IMHHOIO MaTepiany Mif Yac MOro BereTaTMBHOrO po3-  pycoM Ans AOCHimKeHUX 3paskis Buasueca GLRaV3, akuii Tpan-
MHOXeHHsA. MeToau. HasBHicTb BipyciB nepesipsnu metogoM  nsecs y 100% npoaHanizoBaHWx pociuH. BusHaueHHs Bipycy
ofHocTagiiHoi 3T-MNJIP 3 BuKkopucTaHHaM Bipyc-cneundiydmx  GFLV nokasano HuU3bkwii piBeHb iHdikyBaHHSA, Bipyc 6ys nuwe
npaitmepis: napa npaitmepis LC1 / LC2, wo po3pobneHa pns B OAHOMY 3pa3ky. BUCHOBKM. MokasaHa MOXIMBICTb BUKOPUC-
peTekTyBaHHA reHa hHSP70 Bipycy ckpydyBaHHs NUCTA BUHO-  TaHHA ogHocTaginHoi 3T-MJIP sk edeKTUBHOrO, WBKUAKOMO i
rpagy-3 (GLRaV3), i napa npaiimepis C3390 / H2999, ana  BiATBOPIOBAHOIO METOAY BUSABNEHHSA BipyCiB BUHOTPALHOT 03U,
BU3HAYEHHA KOAyBaNbHUX MOCNiA0OBHOCTENH Ginka 0600HKM Knrouosi cnosa: ooHocmadiiiHa 3T-M1/IP; excmpakyis
Bipycy kopoTkoBy3ns BuHorpagy (GFLV). Anani3 wectu cop- PHK; copmu suHoepady; GLRaV3; GFLV; secemamusHe pos-
TiB KyneTypu — ‘Merlot’, ‘Kallmet’, ‘Shesh i zi’, ‘Shesh i bardhé&’,  mHoxeHHs.

Haoitiwna / Received 24.05.2021
ozo0xeHo 0o Opyky / Accepted 06.07.2021

ISSN 2513-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2021, Vou. 17, No 2 169



