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PHYLOGENETIC ANALYSIS OF CYMBIDIUM MOSAIC
AND ODONTOGLOSSUM RINGSPOT VIRUSES ISOLATED FROM PHALAENOPSIS SP.

Cymbidium mosaic virus and Odontoglossum ringspot virus are the most common and widespread viruses in ornamental
orchids. Infections caused by these viruses can lead to a decrease in the phenotypic diversity of orchid collections, and as a result —
to their complete depletion. The aim of the study is to determine the origin of Ukrainian isolates of orchid viruses in the collection
of protected soil from O.V. Fomin Botanical Garden of Taras Shevchenko National University of Kyiv. The properties of nucleotide
and amino acid sequences of the coat proteins (CP) of Cymbidium mosaic virus (CymMV) and of Odontoglossum ringspot virus
(ORSYV) were investigated. RNAs of CymMV and ORSV were isolated from leaves of Phalaenopsis sp. collected from A.V. Fomin
Botanical Garden of Taras Shevchenko National University of Kyiv, amplified through RT-PCR and sequenced. Obtained sequences
were compared at nucleotide and amino acid levels with CymMV and ORSYV isolates available in the GenBank. ORSYV isolated in
Ukraine shared 96-99 % and 93,4-98 % CP similarity to other known ORSV isolates at nucleotide and amino acid levels, respectively.
CymMYV isolated in Ukraine revealed approximately 77-97 % similarity for nucleotide sequences and 84-100 % for amino acid
sequences to isolates from the GenBank. Phylogenetic analysis showed that studied ORSY and CymMYV isolates may have common

origin with some South Korean isolates.

Keywords: orchids, CymMV, ORSV, RT-PCR, phylogenetic analysis.

Introducton. Tropical and subtropical species of orchids
are cultivated in many countries and remain one of the most
important commercial crops in the world's floral industry. Vi-
ral diseases of orchids are known from the middle of XX cen-
tury. These may significantly affect the quality of ornamental
flowers, and, consequently, decrease their commercial and
esthetical value. Currently, about 50 viruses infecting or-
chids has been described [1, 2]. Among them, Cymbidium
mosaic virus (CymMV, Potexvirus) and Odontoglossum
ringspot virus (ORSV, Tobamovirus) are the most prevalent
[3, 4], as they can be transmitted rapidly, contributing to a
significant spread among susceptible plants [5]. These vi-
ruses are transmitted exclusively in artificial ecosystems,
mainly during vegetative propagation or mechanically. Viral
infections affect physiological state of orchids grown in
greenhouses [5]. Causing a loss of flowers' ornamentation,
they can have negative impacts on developing of commer-
cial floriculture [6, 7, 8].

In Ukraine, tropical orchids are mostly grown in green-
houses in the collections of botanical gardens. Cases of
CymMV and ORSYV infection among tropical orchids in the
collections of botanical gardens of Ukraine have been known
previously [9, 10], but phylogenetic analysis of detected
CymMV and ORSYV isolates have not been carried out.

The aim of the study is to determine the origin of
Ukrainian isolates of orchid viruses in the collection of pro-
tected soil from O.V. Fomin Botanical Garden of Taras
Shevchenko National University of Kyiv.

Materials and Methods. To investigate the molecular
properties of CymMV and ORSYV isolated in Ukraine, sam-
ples of Phalaenopsis sp. were collected from A.V. Fomin Bo-
tanical Garden of Taras Shevchenko National University of
Kyiv. Virus identification was carried out using DAS-ELISA
with polyclonal antisera specific to CymMV and ORSV
(Prime Diagnostics, The Netherlands).

Total RNA was extracted using RNeasy Plant Mini Kit
(Qiagen, Germany).

Reverse transcription polymerase chain reaction
(RT-PCR) was accomplished using SuperScript Il kit (Invi-
trogen, USA). To amplify coat protein (CP) gene of CymMV
and ORSV, duplex RT-PCR was used in one reaction tube
with the two pairs of primers: CymMV-F — 5'-ACAATAATTT-
GAAATAATCATGGGA-3', CymMV-R — 5-AAAACCACAC-
GCCTTATTAAGTTTG-3' (expected product size 716 bp);
ORSV-F - 5-ACGCACAATCTGATTCGTATTGAA-3,
ORSV-R - 5-TATCAACGTTATTTTCCTAAATAT-3'
(expected product size 528 bp) [11].

The amplified products from Phalaenopsis sp. samples
were purified using MinElute Gel Extraction Kit (Qiagen,
Great Britain). 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 9
software.

Results and Discussion. Orchid plants from collection
of A.V. Fomin Botanical Garden of Taras Shevchenko Na-
tional University of Kyiv with symptoms of mosaic, spots, ne-
crosis and chlorosis have been detected. Symptoms of mo-
saic on the leaves were an alternation of light and dark green
areas, which formed a mosaic pattern. Symptoms of necrotic
or annular spotting are the formation of small (0.5-2 mm)
and medium-sized (2—4 mm) black necrosis of round and
oval shape on the leaf blade, sometimes surrounded by a
narrow border (Fig. 1). A fairly common symptom was yel-
lowing of the leaf blade in combination with the formation of
marginal leaf necrosis. Symptoms of mosaic, yellowing and
ring necrosis can occur on plants under the influence of
CymMV and ORSV [12, 13, 14].

CymMV and ORSV were detected by ELISA with appro-
priate antisera in all selected samples of orchid plants. It
should be noted that mixed infection with CymMV + ORSV
was detected in plants of Phalaenopsis sp.

Further leaves of Phalaenopsis sp. with the symptoms
typical of CymMV and ORSYV infection (Fig. 1) confirmed by
DAS-ELISA were used for total RNA extraction.
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Fig. 1. Leaf of Phalaenopsis sp. with symptoms of chlorosis and necrosis

The total RNA was amplified in RT-PCR. Agarose gel Gene sequence of Ukrainian ORSV isolate (ORSV-PHA-Ukr)
electrophoresis revealed the presence of expected amplified were compared with another known isolates of ORSV avail-
products with corresponding molecular weight (Fig. 2). able from the GenBank. For this study, we used published

32 full-genomic sequences of ORSV.

/ ~700bp (CymMV)

~500 bp (ORSV)

Fig. 2. Electrophoretic separation of RT-PCR products in agarose gel: 1 — DNA ladder (100 bp, Fermentas),
2 - products of amplification (arrows indicate cDNAs of CymMV and ORSV CPs)

The nucleotide and amino acid sequences of the CP Since full genomic sequences of ORSV isolates were
gene/protein of ORSV-PHA-Ukr shared, respectively, 96- used for the analysis, we were able to compare CP gene
99 % and 93,4-98 % similarity with the other ORSV isolates. sequence of ORSV-PHA-Ukr with that of other isolates
Our results are in line with literature data stating high homol- (Table 1).

ogy of ORSV isolates [15, 16].

Table 1. Comparison of partial nucleotide and amino acid sequences of ORSV isolated in Ukraine
with other virus isolates available from the GenBank

. CP sequence
GenBank isolates Nucleotide sequence, % Amino acid, %
ORSV-SW8/Cymbidium (Australia) 98,7 97,4
ORSV-Taiwan-1 (Taiwan) 99,2 98,7
ORSV-Taiwan-2(Taiwan) 98,3 98,1
ORSV-Cy-1 (Japan) 98,7 98,1
ORSV-Cymbidium (USA) 99,2 98,7
ORSV-CR (USA) 99,2 98,7
ORSV-S1 (Singapore) 98,9 98,7
ORSV (Korea) 97,4 94,8




~ 58 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LleBueHka ISSN 1728-3817

As shown in Table 1, the degree of CP gene similarity of
ORSV-PHA-Ukr in comparison with other ORSV isolates
from GenBank is quite high. This demonstrates high level of
conservancy of ORSV genome (or at least its CP gene).

To determine possible origin of ORSV isolate sampled in
Ukraine, phylogenetic analysis based on its amino acid se-
quence was conducted. Maximum Likelihood method was

ORSV-ONK6B-South Korea: Choong-Nam.
ORSV-CYK1-5outh Korea:Choong-Nam .
ORSV-CAT-South Korea.

ORSV-CYM-India:Himachal Pradesh.
ORSV-CYM-Taiwan.
ORSV-Brazil.
ORSV-SMi1-China.
ORSV-ON-Thailand.
ORSV-CYM(NTHUSA.
0ORSV-isolate 853-Gemany
ORSV-CR (USA).
ORSV-Taiwan.
ORSV-PHA-China: HangZhou.
ORSV-Taiwan(2).

ORSV-Sikkim-CYM-India.
ORSV-PHA-Tawan.

ORSV-CK8-CYM-5South Korea:Choong-Nam.

ORSV-Gunung Sindur-DE-indonesia.
ORSV-GZ5-PHA-China: Guangzhou.

ORSV-KO-3-PHA-South Korea.
ORSV-KO-1-Cymbidium goenngii-South Korea

chosen as a discrete method, which was performed using
Poisson model. As can be seen from the resulting phyloge-
netic tree (Fig. 3), ORSV-PHA-Ukr isolate and one of the
isolates from the South Korea were clustered together sug-
gesting their possible common origin.

ORSV-51-5ingapore.

ORSV-K0O-31-PHA-South Korea.
ORSV-KO-2-Cymbidium ensifolium-South Korea.

55 | ORSV-CH-CYM-China: Conghua.
ORSV-GZ1-CYM-China: Guangzhou.

ORSV-DSMZ PV-130-Gemany.

ORSV-Cy-1-Japan.
ORSV-Le 98-745-Gemany.

ORSV-SW8-CYM-Australia.
9

r ORSV-PHA-Ukr

64 ORSV-DEK15-South Korea:Choong-Nam.

ORSV-Korea

0.005

Fig. 3. Phylogenetic analysis of Ukrainian ORSV isolate based on amino acid sequence of coat protein.
Phylogenetic tree (50 % majority rule consensus tree) is constructed using ML method
(Poisson model, bootstrap 1000 replications)

The obtained nucleotide sequence of CP gene of
CymMYV isolated in Ukraine (CymMV-PHA-Ukr) was pair-
wise compared with the other 33 CymMYV isolates from the
GenBank. Basing on the mutations in monomorphic sites,
CymMYV isolates can be divided into two monophyletic clus-
ters at the nucleotide level — subgroup A and subgroup B
[17]. According to our data and basing on the nucleotide
sequence, CymMV-PHA-Ukr isolate belongs to subgroup
A and shares 88-97 % similarity with other CymMV isolates

from subgroup A and 77-87 % with the CymMV isolates
from subgroup B. The deduced amino acid sequence of
CymMV-PHA-Ukr shared 84-100 % similarity with other
CymMV isolates.

For the further research of CymMV-PHA-Ukr phyloge-
netic tree of nucleotide sequence was constructed using ML
method. As shown on Fig. 4, CymMV isolate sampled in
Ukraine may have common origin with some isolates from
the South Korea.
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CymMV CY K9 South Korea.
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49 CymMV Cyl8 South Korea.

CymMV-ANG Singapore.

CymMV Gunung Sindur Indonesia.

CymMV PHA-China.
35 CymMV-VAN RUNO1 Reunion.
CymMV-CyS Taiwan.

¥|_— CymMV-VAN India

CymMV-VAN F1J01 Fiji:Suva

CymMV-VAN MDGO1 Madagascar:Vohemar.
CymMV-ON Surabaya Indonesia.
CymMV Hawaii 2.
CymMV-PHA FS10 China.
CymMV-VAN FPo01 French Polynesia: Raiatea.

CymMV Hawaii 1.
CymMV-VAN HNXL China

CymMV-CYM GZ1 China

Subgroup A

CymMV BKBH Singapore.

39

CymMV-Doritis pulcherrima white Singapore.
CymMV DEK32 South Korea.
CymMV CYK13 South Korea.

CymMV-CAT Thailand.

Subgroup B

Fig. 4. Phylogenetic analysis of Ukrainian CymMYV isolate based on nucleotide sequence of coat protein gene.
The tree is constructed using ML method (Kimura 2-parameter model, bootstrap 1000 replications)

In conclusion, it was established that ORSV isolate col-
lected from Phalaenopsis sp. in Ukraine shared high homol-
ogy at the nucleotide and amino acid levels with other known
ORSV isolates basing on CP gene/protein sequence.
CymMV isolate sampled from orchids in Ukraine showed 77-
97 % similarity to the virus isolates available from the Gen-
Bank. Isolates of both viruses (ORSV-PHA-Ukr and
CymMV-PHA-Ukr) supposedly have common ancestors
with the ORSV and CymMYV isolates from the South Korea.
Since the plants from tropical orchids' collections in botani-
cal gardens in Ukraine were originally imported from eastern
countries, we suggest that ORSV and CymMV may have in-
vaded orchid collections with imported plant material, with
subsequent spread in Ukraine.
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KuviBcbkui HalioHansHUI yHiBepcuTeT imeHi Tapaca LUleBueHka, KuiB, YkpaiHa

®INOrEHETUYHUU AHANI3 I30NATIB BIPYCIB MO3AIKM LUMBIAIYMY TA KINbLEBOI NAAMUCTOCTI
OOOHTOIrNMoOCyYMy, BUAINEHUX I3 OPXIAHUX PHALAENORPSIS SP.

Bipycu mo3aiku yum6idiymy ma kinbyeeoi nnssMmucmocmi 0o00OHMo2/10cyMy € Halibinbw namo2eHHUMU ma WUpoKOo MowupeHUMuU eipycamu e
Kosekuisix dekopamueHux opxiOHux. IHghekyil, cnpu4yuHeHi yumu sipycamu, MoXXymb npuseecmu 00 3HUXeHHsI 8UA0B020 Pi3HOMaHiIMmMs Konekyitl i,
K Hacnidok, ix NoeHo20 eucHaxxeHHsi. Memoro AocnidxeHHs1 6yn0 eu3Ha4YeHHsI MOXOOXEHHSI yKpaiHCbKUX i3osisimie eipycie opxiOHUX y Kosnekyil
3axuujeHo20 rpyHmy BomaHiyHoz2o cady imeHi O. B. ®omiHa Kuiecbko20 HayioHanbHO20 yHieepcumemy imeHi Tapaca Lllee4eHka. Bue4yeHo HyKseo-
mudHi ma amiHokucsiomHi nocnidoeHocmi 2eHa kancudHozo 6inka (CP) eipycy mo3aiku yum6idiymy (CymMV) ma CP eipycy kinbyeeoi nnssmucmocmi
odoHmozanocymy (ORSV). Ui nocnidoeHocmi 6ynu ompumani e pesynsmami amnnigikayii i cukeeHyeaHHsi PHK CymMV ma ORSV, eudineHux i3
iHgpikosaHux pocnuH Phalaenopsis sp. konekyii 3axuujeHoz2o rpyHmy bomaniyHoz2o cady im. O. B. ®omiHa Kuiecbko20 HayioHanbHO20 yHieepcu-
memy imeHi Tapaca Lllee4eHka. OmpumaHi cukeeHcu rnopieH8anu 3 nocsidoeHocmsimu eidomux izonssmie CymMV ma ORSV i3 NeHBaHKy. Byno
ecmaHoesieHo, wo docnidxyeaHull izonsim ORSV mae nodi6Hicmb 3 iHwumu i3onssmamu 96-99 % ma 93,4-98 % onsi CP Ha HykneomudHoMy U ami-
HOKUCJIOMHOMY pigHsix, gidnoeidHo. BudineHuii izonssm CymMV mae cmyniHb nodi6Hocmi 3 iHwumu izonamamu CymMV 77-97 % Ons HykneomudHux
ma 84-100 % — dnsi amiHokucriomHux nocnidoeHocmel. [To6ydosaHe hinozenemuyHe depeao nokasasno, wo obudea docnidxysaHi eipycu, CymmMV
ma ORSV, matomb cninbHe Noxo0eHHs1 3 OesikuMU KopelicbKUMU i3onsimamu.

Knro4oei cnoesa: opxioHi, CymMV, ORSV, 3T-I1]IP, gpinoezeHemuyHuli aHani3.
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KueBckuit HauMoHanbHbIN YHMBepcuTeT MeHn Tapaca LlleByeHko, KueB, YkpanHa

®UNOrEHETUYECKUA AHANN3 BUPYCOB MO3AUKU LUUMBUOUYMA U KOJNbLIEBOW NATHUCTOCTU
OOOHTOrNMOCCYMA, BbIAENEHHbIX U3 OPXUOHbLIX PHALAENOPSIS SP.

Bupycbl Mo3auku yum6buduyma u Kosnbyeeol namHucmocmu odoHmMozas0ccyma siensiromcsi Hau6osee namoz2eHHbIMU U WUPOKO pacrpocmpa-
HEeHHbIMU 8UpYycaMu 8 KOJIIIeKyusix 0eKkopamueHbiX OpXUOHbIX. UHGheKyuu, ebi38aHHbIE 3MUMU 8Upycamu, MO2ym fpueecmu K CHUXXeHU0 UO08020
pa3Hoobpa3usi Konnekyul u, kak cedcmeue, ux NosIHOMy ucmoujeHuto. Llenbto uccnedoeaHusi 6b110 onpedesieHUe MPOUCXOXOEHUST YKPauHCKUX
u30/151Moe supycoe opxudHbIX 8 KOJIIeKyUU 3aujuueHHo20 2pyHma bomaHuveckozo cada umeHu A. B. ®omuHa Kueeckoz2o HayuoHasibHO20 yHU8e-
pcumema umeHu Tapaca lllee4eHko. Bblno nposedeHo uccnedosaHue HyKIeomuOHbIX U aMUHOKUCIIOMHbIX rnocsiedoeamesibHOocmel 2eHa Kancuo-
Hozo 6esika (CP) eupyca mo3auku yum6uduyma (CymMV), a makxe CP eupyca Konbyeeoli nssmHucmocmu odoHmozanoccyma (ORSV). [laHHble noc-
nedosamesnibHoCmMu 6biU MoslyyeHbl 8 pe3ynbmame amnnugpukayuu u cukeeHuposaHusi PHK CymMV u ORSV, ebideneHHbIXx u3 pacmeHul
Phalaenopsis sp. konnekyuu BomaHu4eckoz2o cada um. A. B. ®omuna Kueeckoz2o HayuoHanbHO20 yHUeepcumema umeHu Tapaca Lllee4yeHko. Tony-
4YeHHbIe CUK8EHCbI cpasHueasu ¢ rnocsedosamesibHoOCmMsAMU Opyaux uzeecmHsbix usonsgsmoe CymMV u ORSV u3 NeHBaHka. Bbino nokaszaHo, Ymo
uccnedyembiii usonam ORSV umeem nodobue ¢ Opyaumu usonsimamu 96-99 % u 93,4-98 % Ons 2ceHa CP Ha HyKlIeomudHOM U aMUHOKUCJIOMHOM
YPO8HsIX, coomeemcmeeHHo. BbideneHHbil usonsim CymMV 6bin nodobeH dpyaum uzonsmam CymMV Ha 77-97 % Onsi HykneomuoOHbIX U Ha 84—
100 % — Ons aMuHOKuc/IomHbIX nocrnedoesamenbHocmeli. [locmpoeHHoe ¢hunozeHemuyeckoe depeeo Moka3ano, Ymo uccredyeMble 8UPYChl,
CymMV u ORSV, umerom obujee npoucxoxoeHue ¢ HeKOMOpPbLIMU KopeliCKUMU U30Jisimamu.

Knroueenie cnoea: opxudHbie, CymMV, ORSV, OT-MLP, ¢punozeHemuyeckuli aHaus.



