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Rezumat

Ingalbenirea si rasucirea frunzelor de tomate este una din cele mai distructive boli ale
tomatelor 1n zonele tropicale si subtropicale determinand pierderea completa a culturilor
in cazul infectdrii la etapele timpurii de dezvoltare a acestora. Agentul care determina
dezvoltarea bolii — virusul ingalbenirii si rasucirii frunzelor de tomate (Tomato Yellow
Leaf Curl Virus — TYLCV) este transmis de Bemisia tabaci. Dat fiind faptul ca pe loturile
experimentale ale Institutului de Genetica, Fiziologie si Protectie a Plantelor al ASM
au fost depistate plante de tomate cu simptome de ingalbenire si rasucire a frunzelor, a
fost efectuat screening-ul molecular al acestora in vederea PCR-identificarii infectiei cu
TYLCV, in acest scop a fost realizat design-ul a sase primeri oligonucleotidici specifici,
omologi fragmentelor conservative din genomul complet al 7YLCV din GenBank.
in rezultatul analizelor nested-PCR efectuate, in mostrele de tomate studiate nu au
fost identificate secvente omoloage TYLCV, fapt ce ar indica asupra lipsei virusului
in acestea.
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Introduction

Tomato yellow leaf curl disease (TYLCD) is the most destructive disease of tomato
in tropical and subtropical zone of the world. TYLCD symptoms are manifested in
curling and yellowing of leaves and in a general stunting of the plants. At the early stage
of plant development the infection can due to yield losses up to 100 % [2]. Presently
assumed, that 6 species and 15 strains of 7YLCV-like viruses are involved in TYLCD
development [6]. They all are transmitted by Bemisia tabaci and belonge to the genus
Begomovirus, the family Geminiviridae. All members of the genus Begomovirus have
the same morphology, so their visual identification is difficult. Serological methods,
such as ELISA, also do not allow reliable diagnostic of the TYLCV-like viruses.
Molecular methods based on the polymerase chain reaction (PCR) are used for the
efficient detection of causative factor of T7YLCD [1, 2]. The essential viral agent of
TYLCD was defined on the basis of accumulated molecular data and named 7omato
vellow leaf curl virus-Israel. Another strain associated with 7YLCD was sequenced
later and named Tomato yellow leaf curl virus-Mild [3, 11].

These two strains are accepted as a basis for the molecular identification of Tomato
yellow leaf curl virus (TYLCV). In Moldova, as well as in the European Union, TYLCV
is listed as quarantine organism [4, 7].

The aim of this work was molecular testing of tomato from the experimental fields
of IGPPP of ASM with symptoms of 7YLCD. Screening of the tomato plants for the
molecular identification of TYLCV was performed.

Materials and methods

Different symptomatic tomato plants with curling and yellowing leaves were
tested. Total DNA from leaves and pathogens were isolated together from the infected
plants by a modified CTAB method [9]. Internal control primers have been designed
on the basis of evolutionarily conserved sequences of 18S ribosomal RNA gene from
GenBank [10]. The sequences of the primers are as follows: 5’-ttcgggaccggagtaatgatt-3’
(n64%), 5’-caaccataa- acgatgccgacta-3’ (n65%), 5’-gcccttccgtcaattecttt-3°  (n66),
5’-catgcaccaccacccataga-3’ (n67").

The PCR mixture, in a volume of 25 ul, contained: 66 mM tris-HCI1 (pH-8,4),
16 mM (NH,),SO,, 2,5 mM MgClL, 0,1% Tween 20, 7% glicerol, 100 pg - ml" Bovin
Serum Albumin, 0,2 mM dNTPs of each, 1,25 U Tuqg DNA polymerase (Fermantas),
5 pM of each primers, and 5-10 ng DNA. The parameters for the PCR were opti-
mized as follows: 1 cycle: 95°C — 4 min, 60 °C — 1 min, 72°C — 1 min; 34 cycles:
95°%C —1 min, 60°C — 1 min, 72°C — 1 min. The first round of the nested-PCR includ-
ed 1 cycle: 95 °C — 4 min, 55°C — 2 min, 72°C — 1 min; 4 cycles: 95°C — 1 min,
55°C — 2 min, 72°C — 1 min; followed by 30 cycles: 95°C —1 min, 60°C — 1 min,
72°C—1min. Thesecondroundconditions ofthe nested-PCR were: 30 cycles: 95°C—1 min,
60°C — 1 min, 72°C — 1 min.
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The products of amplification were divided into 1,5 % agarose gel by electrophoresis
(5-8 V/ecm) in a migration buffer of Tris-HCl/borate/EDTA (pH 8.0) with ethidium
bromide, viewed in the UV (302 nm) and photographed.

Results and discussion
About 25 leaf samples from tomato plants with 7YLCV-like symptoms as curling,
yellowing and stunting were collected from the experimental fields of IGPPP of ASM.
Design of 6 specific primers was implemented to identify the viral DNA in infected
plants by PCR analysis. Description of primers used in this study for the amplification
of TYLCV is presented in table 1.

Table 1. Description of primers for the amplification of Tomato yellow leaf curl virus

Primer Sequence (5 — 3°) Orientation Genome region
evl CCAATCAAATTGCATCCTCAAACG IR
cv2 CTGTTCACGGATTTCGTTGTATGT Forward V2
ev3 TGGGCCACGATTTAATTAGGGAT V2
cv4 ACATGGGCCTTCACATCCAC Vi
evs TGACCTGATTAGTGTGATTCTGCT Reverse \%|
cv6 GTTGCGGTACTGGGCTCAT \l

Primer design niceties are essential for a successful PCR reaction. Highly conserved
regions of TYLCV complete genome sequence from GenBank databases for primer
creation were selected: intergenic region, which contains motifs for viral replication
and transcription, areas of V1 and V2 genes [12]. The V1 gene is involved in the virus
movement, the V2 gene encodes the coat protein of the virus [5]. Specificity of PCR
depends on the melting temperature (T, ) of the primers. So, the T_ of all created primers
is similar and close to the 60°C. Primer sizes are from 19 to 24 bases, they contain
40-60% GC. The 3’-end of each primer includes no more than three G or C bases in
avoidance of nonspecific annealing of the primer.

Primers position on the complete genome sequence of TYLCV (GenBank: Tomato
yellow leaf curl virus — Mild, ACCESSION EF054894) are indicated on figure 1.

Figure 1. Primers position on

- . o P " e, the complete genome sequence of
" Tomato yellow leaf curl virus (2791

— | c‘,4_| | bp). IR - intergenic region. V1,

cv2s ov5- V2, C1, C2, C3, C4 — viral genes.

o3+ ov6- Arrows show open reading frames
in viral sequence.

An internal positive control was used to test for the presence of PCR inhibitors
in DNA samples. Primer pairs were used to amplify specific fragments: the fragment
of 315 bp was amplified using the primer pair n64-n66, 436 bp — n64-n67, 138 bp —
n65-n66 and 259 bp — n65-n67. The result of application of these primer pairs on the
tomato DNA is shown on figure 2. Consequently, the fragments of expected sizes were
revealed for all tomato DNA samples.

In spite of the application of various PCR conditions (annealing temperatures were
50°C, 55°C, and 60°C, different combinations of primer pairs were used), sequences
homologous to 7YLCV in the studied samples of tomato were not detected. Thus, the
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internal control is determined, but the target sequence is not identified. This result
indicates that the reaction of amplification is successful and that the target sequence
is absent. To substantiate this result, the epidemiological situation in Europe was
analyzed. According to the EFSA data, TYLCV is presented only in 7 countries from
the 28 Member States of EU: Cyprus, France, Greece, Italy, Malta, Portugal, and Spain
[1, 6]. Due to the fact, that TYLCV is adapted to tropical and subtropical climates, low
temperatures lead to abolition of the infection.

Figure 2. PCR-amplified
products of the tomato DNA using
primers to 18S ribosomal RNA
gene. 1. n64-n66, 2. n64-n67, 3. n65-
n66, 4. n65-n67. M. 100 bp Ladder
DNA marker.

On the other hand, symptoms like leaf yellowing, curling and deformation, flower
and fruit abscission, general stunting of the plant are inherent not only to TYLCD. So,
the same tomato DNA samples were examined for the presence of other pathogens.
PCR analysis with primers to Alternaria spp. and Fusarium spp. was performed. The
set of primers, applied in this study, is shown in table 2.

Table 2. Primers to Alternaria spp. RNA polymerase II second largest subunit (rpb2)
gene and Fusarium spp. final elongation factor 1a (tefl) gene.

Primer | Sequence (5° — 3°) | Orientation
Alternaria
ac3 GTGTCTGGGTTGGTGTCCAT Forward
ac4 ACGGCCAGCATCTGTGAAG Reverse
Fusarium
fc3 CCATCGAGAAGTTCGAGAAGGTT Forward
fc4 CCCAGGCGTACTTGAAGGAA Reverse

In the studied tomato plants with symptoms of leaf yellowing, curling and
deformation Alternaria spp. infection was detected. Mixed infection of both pathogens
(Alternaria spp. and Fusarium spp.) was found in some samples. The results of PCR
via primers to Alternaria spp. and Fusarium spp. are shown on figure 3.

Alternaria spp. was detected in all samples of DNA from five symptomatic tomato
plants. The primer pair ac3-ac4 was used, which amplified a 145 bp nucleotide fragment:
lines 1-5 on figure 3. Presence of Fusarium infection in the same samples was detected
for two instances: lines 6 and 9 (Figure 3). A fragment of 300 bp was obtained as a
result of the primer pair fc3-fc4. Sizes of both amplicons are as expected.

500 I:!p

Figure 3. Electrophoresis analysis of PCR-amplified products of the total tomato
DNA, using primer pairs to Alternaria spp.: ac3-ac4 (1-5); Fusarium spp.: fc3-fc4 (6-10).
M -100 bp Ladder DNA marker.
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Conclusions

For the first time in Moldova molecular diagnosis of the tomato plants with
symptoms of 7YLCD was performed. The design of specific primer set for TYLCV
detection was carried out. Sequences homologous to TYLCV in the studied samples
of tomato from the experimental fields of IGPPP of ASM were not detected. TYLCV
identification based only on symptomatology is unreliable because similar symptoms
may be caused by other phytopathogens or varies greatly depending on the soil, growth
conditions, and climate. However, other species of pathogens were identified in studied
symptomatic tomato plants, such as Alternaria spp. and Fusarium spp.

This work was supported by the fundamental scientific research project “Technology
of molecular diagnostics of phytopatogens”, financed from the state budget for
the years 2015-2018.
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