
First report of potato virus S and potato virus Y in tomatoes from Croatia

Dorotea Grbin1, Anja Pecman2, Martina Šeruga Musić1, Denis Kutnjak2, Dijana 
Škorić1,†

1Department of Biology, Faculty of Science, University of Zagreb, Croatia
2Department of Biotechnology and Systems Biology, National Institute of Biology, 
Ljubljana, Slovenia

Potato virus Y (PVY, genus Potyvirus) is an economically important aphid-
transmissible virus with a very wide host range reported in many tomato-growing areas 
(Rivarez et al. 2021). Potato virus S (PVS, genus Carlavirus) has a limited host range 
(Lin et al. 2014) and occurs in tomato (Predajňa et al. 2017), mostly in mixed infections 
with other viruses. In 2021, greenhouse tomatoes from Vidovec (46° 17’ 3.4’’ N, 16° 
15’ 37.0’’ E) in the northwestern and Sedlarica (45° 54’ 23.0’’ N, 17° 12’ 0.5’’ E) in the 
eastern regions of Croatia were surveyed for virus-like diseases. In total, 30 plants 
were sampled (12 from Vidovec and 18 from Sedlarica) showing symptoms of mild 
mottling, leaf rugosity and mild bronzing followed by leaf necroses later in the season. 
Nucleic acids were extracted from leaves by adapted CTAB procedure (Murray and 
Thompson 1980) and DNase treated. Four representative samples from Vidovec and 
four from Sedlarica were pooled for high throughput sequencing (HTS). After rRNA 
depletion (RiboMinus™ Plant Kit for RNA-Seq, Invitrogen) and polyA tailing, two 
location specific libraries (PCR-cDNA sequencing kit, Oxford Nanopore Technologies) 
were prepared for nanopore HTS on MinION Mk1C device. From Vidovec samples, 
459,285 raw reads (mean length 354 nt) were obtained and 206,718 (mean length 446 
nt) from Sedlarica and mapped (Minimap2, v.2.17) against Kraken2 viral genome 
sequences database (https://benlangmead.github.io/aws-indexes/k2).
The number of reads mapped to PVS genome was 1004 from Vidovec (coverage depth 
1.56) and those mapped to PVY genome were 781 (coverage depth 0.99) and 57 
(coverage depth 1), from Vidovec and Sedlarica, respectively. The PVS complete 
consensus genome from Vidovec (ON468562, 8485 nt) had 99.09% nucleotide identity 
(BLASTn) to a potato isolate from the Netherlands (MF418030). The PVY consensus 
genome sequences from Vidovec (ON505007, 9698 nt) and Sedlarica (ON505008, 
9698 nt) had respectively 98.37% and 98.48% identities to a tomato isolate from 
Slovakia (MW685827). Reverse transcription polymerase chain reaction (RT-PCR) 
was performed for all 30 samples and amplicons were Sanger sequenced, with primers 
PVS-7773F/PVS-3’endR for a 720 nt PVS genome portion spanning the 3’-part of the 
CP and a complete 11K gene (Lin et al. 2014) and PVY-2F/2R primers for a 510 nt 
portion of PVY CP gene (Aramburu et al. 2006). Only one tomato out of 12 (‘Borana’) 
from Vidovec harbored PVS in the mixed infection with PVY. Two additional tomatoes 
from Vidovec and two from Sedlarica were infected solely by PVY. Amplicon 
sequences of PVS (ON651427) and PVY (ON707000-4, ON734067-8) had 100% 
identity with the HTS assembled sequences. The PVS isolate from Croatia grouped 
with PVSO (ordinary) strain in phylogenetic analysis and the PVY isolates from both 
sites grouped with the PVY-NTN strain (Cox and Jones 2010). Although PVY is 
considered to be widespread in tomato (Nikolić et al. 2018; Rivarez et al. 2021), this is 
its first report from Croatia. PVS, newly reported from Croatia here, is probably not 
associated with the symptoms recorded because the same symptomatology was 
observed in the singly and mixed infected ‘Borana’ tomato plants. The occurrence of 
PVY in the geographically distant (100 km apart) Vidovec and Sedlarica, suggests that 
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it is widespread in the continental Croatia where tomatoes are commercially grown in 
plastic greenhouses. Further analyses are needed to elucidate PVY and PVS 
epidemiology and impact on the local tomato production.
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