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EVOLUTIONARY RELATIONSHIP OF UKRAINIAN ISOLATE  
OF ODONTOGLOSSUM RINGSPOT VIRUS 

 
Odontoglossum ringspot virus (ORSV) is one of the most dangerous viruses of decorative orchids. Infection caused by this 

virus can reduce the phenotypic differences of orchids in collections, and as a result lead to their total exhaustion. In this study, 
the possible origin of the Ukrainian isolate of ORSV from the collection of O. V. Fomin Botanical Garden of the Taras Shevchenko 
National University of Kyiv was investigated. The properties of nucleotide sequences of the RNA-depended RNA-polymerase (RdRp) and 
coat protein gene of ORSV were examined. RNAs of ORSV isolated from leaves of Cymbidium hybridum from O. V. Fomin Botanical 
Garden's collection were amplified through RT-PCR and sequenced. Obtained sequences were compared at the nucleotide level 
with ORSV isolates accessible within the GenBank. Phylogenetic analysis showed that the studied ORSV isolate may have a 
common root with a few South Korean isolates. 
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Introduction. Tropical and subtropical orchids are culti-

vated in numerous countries around the world and stay one 
of the most important commercial crops within the world's 
botanical industry. Viral infections of orchids are known 
since the middle of the XX century. Numerous viruses influ-
ence the quality of orchids, and, subsequently, significantly 
decrease their commercial and esthetical value. About  
50 viruses responsible for a wide range of orchid diseases 
have been currently described [1–3]. However, Odontoglos-
sum ringspot virus (ORSV, Tobamovirus) is one of the most 
common as it can be rapidly transmitted, contributing signif-
icant spread of infection among susceptible plants [4–7]. 
This infection is transmitted exclusively in artificial ecosys-
tems basically during vegetative proliferation or mechani-
cally. Viral contamination affects the physiological state of 
orchids developed in greenhouses [5]. The loss of ornamen-
tal flowers can not only damage the development of indus-
trial production in Ukraine, but also reduce the diversity of 
plants in collections, since tropical orchids are mainly grown 
in greenhouses as part of botanical gardens collections. 
Cases of ORSV infection of tropical orchids in the collections 
of ukranian botanical gardens have been known since the 
late 90 s of the last century [8, 9]. The aim of the study is to 
determine the origin of Ukrainian isolates of ORSV in orchid 
collection from O. V. Fomin Botanical Garden of the Taras 
Shevchenko National University of Kyiv.  

 
Materials and Methods. Leaves of Cymbidium hy-

bridum with necrotic and chlorotic striping symptoms were 
collected from the O. V. Fomin Botanical Garden of the 
Taras Shevchenko National University of Kyiv. Virus identi-
fication was carried out using DAS-ELISA with polyclonal 
antisera specific to ORSV (Prime Diagnostics, The Nether-
lands). Total RNA was extracted using the RNeasy Plant 

Mini Kit (Qiagen, Germany). Reverse transcription-polymer-
ase chain reaction (RT-PCR) was accomplished using the 
SuperScript II kit (Invitrogen, USA). To amplify the coat pro-
tein (CP) gene of ORSV, RT-PCR was used in one reaction 
tube with the pair of primers: ORSV-F-5'AC-
GCACAATCTGATTCGTATTGAA-3', ORSV-R–5'-TATCAA 
CGTTATTTTCCTAAATAT-3' (Expected product size 
528 bp) [10]. The amplified products from Cymbidium hy-
bridum samples were purified using MinElute Gel Extraction 
Kit (Qiagen, Great Britain). The resulting PCR products were 
sequenced using Applied Biosystems 3730x1 DNA Analyzer 
using Big Dye terminators, version 3.1 (Applied Biosystems, 
USA). Phylogenetic analysis was carried out using Mega X 
and IQTREE software.  

 
Results and Discussion. Orchid plants from the collec-

tion of O. V. Fomin Botanical Garden of the Taras 
Shevchenko National University of Kyiv with symptoms of mo-
saic, spots, necrosis, and chlorosis have been identified. Mo-
saic symptoms on leaves were an alternation of dark and light 
zones, which shaped a mosaic design. Necrotic symptoms or 
ring spotting were the arrangement of little (0.5–2 mm) and 
medium-sized (2–4 mm) dark spots of circular and oval shape 
on the leaf edge, occasionally encompassed by a limit  
border (Fig. 1 A). Yellowing of the leaf edge in combination 
with the arrangement of negligible leaf spots was a reasonably 
common symptom. Symptoms of mosaic, yellowing, and ring 
necrosis can occur in plants affected by ORSV [11–15]. 
ORSV was detected by ELISA with appropriate antisera in all 
selected samples of orchid plants. Subsequently, Cymbidium 
hybridum leaves with symptoms typical for ORSV infection, 
which was also confirmed by DAS-ELISA, were used to iso-
late total RNA. Rod-shaped virions were found in the sap of 
plant leaves with typical viral symptoms (Fig. 1 B). 

 

 
 

Fig. 1. Leaf of Cymbidium hybridum with symptoms of black necrotic spots. (A).  
Electron micrograph of rod-shaped viral particles in plant sap of Cymbidium hybridum. Bar – 200 nm (B) 
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The Gene sequence of the Ukrainian ORSV isolate 
(ORSV-Ukraine) was compared with other known isolates of 
ORSV accessible from the GenBank. To determine the con-
ceivable root of the ORSV isolates tested in Ukraine, a phylo-
genetic investigation based on nucleotide sequences was 
conducted. The Maximum Likelihood strategy was chosen as 
a discrete strategy, which was performed using the Kimura 

two-parameter model. As can be seen from the phylogenetic 
species affinity tree (Fig. 2), Ukrainian isolate (ORSV-Ukraine) 
and one of the ORSV isolates from South Korea were clus-
tered together proposing their conceivable common root. 
Also, the Ukrainian isolate was compared with other to-
bamoviruses to establish its species similarity (Fig. 3).  

 

 
 

Fig. 2. Phylogenetic analysis of Ukrainian ORSV isolates based on a nucleotide sequence of the coat protein gene.  
The phylogenetic tree (50 % majority rule consensus tree) is constructed using the ML method  

(Kimura two-parameter model, bootstrap 10000 replications) 
 
The next step was related to the construction of a phylogenetic tree based on ORSV polymerase gene, the results of 

which revealed the similarity of the Ukrainian isolate with the Mexican one (Fig. 4). 
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Fig. 3. Phylogenetic analysis of Ukrainian ORSV isolates based on the nucleotide sequence of coat protein gene.  

The tree is constructed using the ML method  
(90 % majority-rule consensus tree, Kimura 2-parameter model, bootstrap 10000 replications) 

 

 
 

Fig. 4. Phylogenetic analysis of Ukrainian ORSV isolates based on the nucleotide sequence of the RdRp gene.  
The tree is constructed using the ML method  

(50 % majority rule consensus tree Kimura 2-parameter model, bootstrap 10000 replications) 
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ORSV is a unique virus [16]. It is a recombinant; its rep-
licase genes are closest to those of from Brassicaceae-in-
fecting tobamoviruses, whereas its movement and coat pro-
tein genes are closest to those from Solanacea [17]. It's 
known from previous studies that all existing ORSV isolates 
share high homology with each other at nucleotide level [18, 
19]. Besides this the nucleotide sequence of the ORSV cap-
sid protein is highly conserved [20]. Thus, in subsequent 
studies the most variable virus sequences such as the  
C-terminal region of the ORSV should be used as the most 
informative markers for phylogenetic analysis.  

In conclusion, it was determined that ORSV isolates col-
lected from Cymbidium hybridum in Ukraine shared high ho-
mology at the nucleotide level with other known ORSV iso-
lates based on CP and RdRp genes/protein sequences. 
ORSV isolates showed similarity to the virus isolates from 
South Korea. Since the plants from tropical orchids' collec-
tions in botanical gardens in Ukraine were originally im-
ported from eastern countries, we suggest that ORSV could 
invade orchid collections with imported plant material with a 
further spread in Ukraine. 
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ЕВОЛЮЦІЙНІ ВЗАЄМОВІДНОСИНИ УКРАЇНСЬКОГО ІЗОЛЯТУ ВІРУСУ  
КІЛЬЦЕВОЇ ПЛЯМИСТОСТІ ОДОНТОГЛОСCУМУ 

Вірус кільцевої плямистості одонтоглосcуму (ВКПО) є одним із найнебезпечніших вірусів декоративних орхідей. Захворювання, ви-
кликані цим вірусом, можуть призвести до зниження фенотипових відмінностей колекцій орхідей і, як наслідок, – їхнього повного висна-
ження. У цій роботі досліджувалося можливе походження українського ізоляту ВКПО, виділеного з рослин колекції Ботанічного саду імені 
О. В. Фоміна Київського національного університету імені Тараса Шевченка. Досліджено властивості нуклеотидних послідовностей 
РНК-залежної РНК-полімерази (RdRp) та капсидного білка ВКПО. РНК ВКПО виділяли з листків Cymbidium hybridum, відібраних із колекції 
Ботанічного саду імені О. В. Фоміна. Далі послідовності РНК вірусу були ампліфіковані за допомогою RT-PCR та секвеновані. Отримані 
послідовності порівнювали на рівні нуклеотидів із послідовностями ізолятів ВКПО, доступними в GenBank. При проведенні філогене-
тичного аналізу було виявлено, що досліджуваний ізолят ВКПО може мати спільний корінь із кількома південнокорейськими ізолятами. 

Ключові слова: орхідні, ВКПО, ЗТ-ПЛР, філогенетичний аналіз. 
 
 
 
 

  


