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ABSTRACT: Patchouli (Pogostemon cablin) is considered one of the most important aromatic medicinal
plants. A number of viruses are known to attack patchouli plant, causing mosaic symptoms and
significantly reduce the quality and quantity of patchouli production. To prevent crop loss or minimise
crop damage, accurate viral detection and identification are required before developing virus control
methods. However only a handful of information is available in India for their identification. This study
aims to identify and characterise the viruses associated with mosaic disease of patchouli using RT-PCR.
Infected plant samples were collected from different patchouli cultivated states in India such as Assam,
Karnataka and Palampur. RT-PCR employing pair of degenerated primers, specific to both potyvirus and
fabavirus, yielded DNA fragments representing Peanut stripe virus and Broad bean wilt virus 2,
respectively. Furthermore, RT-PCR using the designed primers specific to 3' end of PStV yielded
amplicon that represent nuclear inclusion b protein (partial), coat protein (CP, complete) and 3' UTR. RT-
PCR with the designed primers specific to BBWV2 produced an amplicon that encompases the large and
small CP (partial). The PCR amplicons were subjected to nucleotide sequencing. The Phylogenetic analysis
clustered Indian PStV isolates together with those from Taiwan, Vietham and Thailand in a single clade.
According to phylogenetic analysis of BBWV2, Indian isolates were clustered with Chinese and German
isolates. Thus, RT-PCR assay developed here can act as a diagnostic tool for detection and epidemiological
investigation of PStV and BBWV?2.

Keywords: Broad bean wilt virus 2, Peanut stripe virus, Patchouli, Phylogenetic, RT-PCR.

INTRODUCTION mutagenic (Swamy et al., 2015). Due to its fixative

properties the oil is used as a base material in

Pogostemon cablin (Blanco Benth.), also known as
patchouli, belongs to the family Lamiaceae, a member
of mint family. It is an aromatic perrenial herb having
great commercial value due to the presence of oil
glands. Though, the whole plant is known to contribute
to oil extraction, oil glands present on leaves account
for the major part of extraction (Singh et al., 2009).
Patchouli is found to be a native of the Philippines and
is well cultivated in many South Asian countries, such
as Indonesia, India, Malaysia, China, Singapore as well
as West Africa and Vietnam (Maheshwari et al., 1993).
The oil can be obtained from its shade dried leaves by
the process of steam distillation and has strong sweet,
herbaceous aromatic and spicy fragrance. Patchouli’s
unique fragrant properties makes for a huge business
potential in the global market, since it is considered to
be better than most essential oil yielding plants
(Varshney. 2000). Apart from its aromatic properties,
patchouli is also regarded as a medicinal plant and has
roots among ancient Chinese and Indian traditional
medicinal practices. Studies showed that the primary
components of patchouli oil, patchouli alcohol (PA) and
pogostone, had great therapeutic value (Swamy et al.,
2015). Moreover, it also exhibits several biological
properties like being antimicrobial, antifungal and anti-
oxidant, inflammatory, platelet, thrombotic, depressant,
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perfumery and soap industries (Hasegawa et al., 1992).
Patchouli cultivation is seriously threatened by the
presence of various pest and pathogens that can be
caused by fungi, viruses and nematodes (Sreedevi et al.,
2009). Viruses pose a greater threat than others and
cause significant decline in the quality and the quantity
of patchouli production. Several viruses have been
reported that naturally infect patchouli plants and are
fully or partially characterised. These viruses have been
characterized and sequenced as Patchouli mildmosaic
virus (PatMMV) (Natsuaki et al., 1994) and Peanut
stripe virus (PStV) [Singh et al., 2009]. Some viruses
infecting patchouli plants are published as disease notes
or characterised at the preliminary level;, e.g.,
potexvirus Patchouli virus X (PatVX) (Meissner et al.,
2002), Patchouli mottle virus (PaMoV) (Natsuaki et al.,
1994), Pepper ringspot virus (PRV), Patchouli mosaic
virus (PaMV) (Gama. 1979), Tobacco necrosis virus
(TNV) - a presumed Rhabdovirus (Kitajima et al.,1979)
and yellow mosaic of Patchouli (Sastry et al., 1981,
Zaim et al., 2013). Patchouli plants that are infected by
the viruses, either partially or fully characterized,
generally belong to family Potyviridae and Secoviridae.
According to current ICTV criteria, the family
Potyviridae consists of 12 genera on the basis of host
range, genomic features, and phylogeny: Arepavirus,
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Bevemovirus, Brambyvirus, Celavirus,
Ipomovirus, Macluravirus, Poacevirus, Potyvirus, Roy

movirus, Rymovirus, Tritimovirus and three unassigned
species. Among the family Potyviridae, Potyvirus is the
largest genus infecting more than 230 hosts (Inoue-
Nagata et al., 2022; Wylie et al., 2017). The virions
range from 680-900 nm in length and are transmitted by
aphids or by mechanical means. The genome is linear,
single stranded positive sense monopartite RNA of
about 8500-12000 nucleotides with a poly (A) tail at 3'
end and presumably a genome-inked protein (VPg) at
its 5 end. The genome is translated into single
polyprotein and later it is processed into 10 functional
proteins by virus encoded proteases (Inoue-Nagata et
al., 2022).

The viruses belonging to the genus Fabavirus [family
Secoviridae, species Broad bean wilt virus 2
(BBWV?2)], are transmitted in a non-persistent manner
by several aphid species (Kobayashi et al., 1999). The
fabavirus virions have a nucleocapsid structure and it
shows icosahedral symmetry and have an approx.
diameter of about 30nm. The genome comprises of two
single stranded positive-sense genomic RNA molecules
(RNA1 and RNA2) and their 3' termini are
polyadenylated and encapsidated separately (Lisa et al.,
1996). A polyprotein of RNAL1 is processed
proteolytically into 5 functional proteins that are
involved in genome replication and expression viz.,
protease cofactor (Co-Pro), helicase (Hel), protease
(Pro), polymerase (Pol) and genome linked viral protein
(VPg). A polyprotein of RNA 2 is also processed
further into movement protein (MP), large coat protein
(LCP) and small coat protein (SCP) (Kwak et al., 2013)
Fabaviruses and Potyviruses pose severe threat in the
cultivation of patchouli and can amount to significant
losses in its production (Noveriza et al., 2012). Since
patchouli is maintained only through vegetative
propagation, the survival of viruses becomes easy in
the virus- infected plants. Hence, virus detection in the
early growth stage and selection of healthy mother
plants are the pre-requisite to control their further
spread. The symptoms are generally mild to severe
mosaic with thickened or stunted leaf growth. To stop
the loss or to minimize the damage of the crop, suitable
disease management strategies are implemented. But an
accurate virus detection and identification is a requisite
to devise virus management strategies. It is a
challenging task as different viruses often express
similar symptoms. So, for the identification of the
viruses different molecular techniques have been
developed that are also rapid, sensitive and cost
effective in nature. Virus identification methods that are
most commonly used include: enzyme-linked
immunosorbent  assay  (ELISA) and  reverse
transcription polymerase chain reaction (RT-PCR).
ELISA is the most commonly used diagnostic tool.
However, producing highly specific antisera against
viruses is difficult because of multiple infection and for
the detection of large numbers of samples.
Consequently, RT-PCR was used to identify various
plant viruses because to its great sensitivity and
specificity (Irfan and Abhishek 2023). RT-PCR
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technique using universal primers has been applied for
identification of genera potyvirus and fabavirus (Gibbs
and Mackenzie 1997; Zheng et al., 2010; Ferrer et al.,
2007). RT-PCR were used to detect potyvirus and
fabavirus from patchouli samples. Since very little
study have been attempted for the identification of
viruses associated with patchouli plants in India, the
present investigation was carried out to identify and
characterise viruses on the basis of CP gene sequence.
This RT-PCR assay described here may be used as a
diagnostic tool for PStV and BBWV2 detection and
epidemiological study.

MATERIALS AND METHODS

Collection of patchouli leaf samples. Patchouli plants
exhibiting typical virus like symptoms such as mild to
severe mosaic, thickened or stunted leaf growth were
collected from different patchouli cultivation areas in
India from Assam, Karnataka and Palampur (Fig. 1).
The leaf samples were stored at -80°C deep freezer for
further experimental work.

Total RNA Extraction and cDNA Synthesis. 100 mg
of infected patchouli leaves showing mosaic symptoms
and healthy leaves were subjected to total RNA
extraction using a combination of CTAB and TRIzol
(GeNei™) method as described by Jordon et al. (2015).
The extracted RNA was used as a template for cDNA
synthesis (reverse transcription) and polymerase chain
reaction (PCR). First strand cDNA synthesis was done
in 20ul reaction mixture using 2 ul (1 pg) of total RNA
as template, 1pl (0.5 uM) of oligo d(T) primer, 2ul of
dNTP mix (5mM each), 1 ul of RT enhancer, 4 pl of 5
x RT buffer, 1ul of reverse transcriptase enzyme
(Thermos fisher scientific, US) and 9 ul of nuclease
free water to make a final volume of 20 ul . The
reaction mixture was then incubated at 42 °C for 90
minutes and terminated at 95°C for 10 minutes to yield
cDNA.

RT-PCR based detection of potyvirus/fabavirus.
Potyvirus and fabavirus were directly detected from the
patchouli plants using a set of degenerate primer pairs
named CPUP/CP9502 (Van Der Vlugt et al., 1999) and
fab5'R1F/ fab5'R1R (Ferrer et al., 2007), respectively in
RT-PCR. The potyvirus specific primer (CPUP/
CP9502) amplify partial coat protein gene and 3'UTR
of the potyviruses. The fabavirus specific primers
(Fab5'R1F/ Fab5'R1R) yield an amplicon corresponding
to the 5’'NTR of RNAL segment.

PCR was carried out in an automated thermocycler
(BIO RAD, T100 thermal cycler). RT-PCR involving
both degenerate primers specific to each group was
carried out in a 20ul reaction mixture containing 2 pl of
above synthesized cDNA, 10 pl of 2X Gene Taq Green
PCR mastermix (Puregene, Genetix), 0.5ul (10pmol)
of each of upstream and downstream primers (each) and
9ul of Milli Q water to make a final volume of 20 pl.
Thermocycler programme for potyvirus amplification
included 35 cycles each at 94°C for 5 min, 94°C for
30sec, 50°C for 1 min, 72°C for 1 min, and a final
extension at 72°C for 10 min whereas the fabavirus
amplification included 94°C for 5min, 94°C for 30 sec,
55°C for 30sec, 72°C for 1min with final step at 72°C
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for 10min. The amplified products were then
electrophoresed on 1% agarose gel prepared in 1X TAE
(Tris-Acetic acid- EDTA) buffer which contained
ethidium bromide. After electrophoresis, the amplified
PCR-products were visualized under UV light in a gel
documentation system (BIO RAD, Gel Doc™ XR+,
USA).

Designing of primers for specific detection of PstV
and BBWV2. Nucleotide sequence containing the
complete coat protein gene of PStV isolates were
retrieved from the GenBank (accession no- AF063222,
AY968604, DQ925418, AF200624, AF200623,
Y11774, U34972, U05771, AJ132156, AF073380). The
primers were designed manually from the conserved
regions of the CP gene after aligning using ClustalW
Multiple Alignment Bioed it Version 7.25. The
sequence of the primers designed for specific detection
of PStV used in this study are listed in Table 1.
Gradient PCR was done to optimize the primer pair
with different annealing temperature. The 20 pl
reaction mixture contained 2 ul of above synthesized
cDNA, 10 pl of 2X Gene Taq Green PCR mastermix
(Puregene, Genetix), 0.5ul (10pmol) of each of forward

and reverse primers and 7 pl of nuclease free water to
make a final volume of 20 pl. The optimized
thermocycling steps includes 94°C for 5 minutes, 35
cycles of denaturation at 94°C for 40 seconds.,
annealing at 57°C for 30seconds, elongation at 72°C
for 1 min and final extension step at 72°C for 5
minutes. The products were analysed on 1.0 % agarose
gel stained with EtBr and visualized under UV light.

Fig. 1. Patchouli (Pogostemon cablin) leaves showing
typical mosaic symptoms.

Table 1: Primers sequence used in the PCR assay for detection of PStV and BBWV?2.

Primer Name Sequence (5'—3") References
CPUP: TGAGGATCCTGGTGYATHGARAAYGG Van Der Vlugt
CP9502: GCGGATCCTTTTTTITTITTITTITTITITT et al. (1999)
PstV for: GGCTATCCTGAATTGCTCCAAGA This stud
PstV rev: TGAGGACATGCAGAGTGATT y
Fab5'R1F: AAATATTAAAACAAACAGCTTTCGTT
Fab5R1R: TTCAAAGCTCGTGCCATNTYATTKGC Ferrer etal. (2007)
BBWV2 for: CTGGCTTTCAAGCAAGGG This stud
BBWV?2 rev: ACTTCTTGCTCCCACGCAC y
For BBWV2 detection, the nucleotide sequences of primers following the Sanger's dideoxy chain

RNA 2 segment (containing complete LCP and SCP
gene of BBWV2 isolates) were downloaded from
GenBank database. Using Clustalw  Multiple
Alignment Bioedit Version 7.2.5, these sequences were
aligned and primers were designed manually from the
conserved part of the CP gene (Table 1). The designed
primer encompasses the partial LCP as well as SCP
genes. The annealing temperature was optimized using
gradient PCR. The PCR was carried out in 20 pl
reaction volume comprising 2 pul of cDNA, 10 pl of 2X
Gene Tag Green PCR mastermix (Puregene, Genetix),
1ul (10pmol) of each of forward and reverse primers
and 7 pl of nuclease free water. The optimized
thermocycling profile includes 94°C for 5 minutes,
94°C for 30 seconds, 53°C for 30 seconds, 72°C for
Iminutes with final step at 72°C for 10minutes.

Cloning, Sequencing and Phylogenetic analysis. In
order to confirm the identity, PCR amplicon were
cloned usingp JET 1.2 cloning kit as per the instructions
given by the manufacturer (Thermo Fisher Scientific,
US). The cloned vectors were then transformed into E.
coli DH5a cells. Two positive clones from independent
PCR products were sequenced for each isolates using
an automated sequencer company (Superworth Bio,
New Delhi, India) employing pJET1.2 universal
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termination method (Sanger et al., 1977).

The consensus sequences were constructed for each
sequences (PStV and BBWV2) using Bioedit software
Version 7.2.5 and compared to the sequences registered
in the GenBank by the Basic Local Alignment Search
Tool (http://www.ncbi.nlm.nih.gov/BLAST/) to know
their homology among themselves and with others
sequences of PStV and BBWV?2 available at GenBank.
Multiple sequence Alignment (MSA) of nucleotide and
amino acid sequences were generated for each virus
isolates obtained in this study and those retrieved from
GenBank. MSA was performed by Clustal W Multiple
Alignment available in Bioedit Version 7.2.5 (Hall,
1999).

For phylogenetic studies, Molecular Evolutionary
Genetic Analysis [(MEGA version 11.0; (Tamura et al.,
2021)], was used and tree were generated by neighbour-
joining (NJ) method.

RESULTS AND DISCUSSION

In the current study, two viruses namely PStV and
BBWV?2 that naturally infect patchouli plants were
identified on the basis of sequences from their CP
genes. Since viruses adversely affect the quality and
quantity of patchouli production, their identification at
the early stage is a must to devise a virus control
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strategy. The common symptoms noticed during the
investigation were plants with typical mosaic symptoms
of pale green or yellow patches, and depending on the
severity malformation of leaves and stunting of plants.
These symptoms were similar to previous reports of a
viral infection caused by potyvirus and fabavirus
(Noveriza et al., 2012; Singh et al., 2009; Zaim et al.,
2013). Both new and old plantations were affected by
the disease, and its severity ranged from 57 to 73%
(Noveriza et al., 2012). RT-PCR was performed to
discover viruses that naturally infect patchouli plants,
using total RNA extracted from patchouli leaf samples.
RT-PCR of total RNA from patchouli leaf samples,
showed positive amplification of potyvirus. The
degenerate primers (CPUP and CP9502) amplified a
DNA fragment of 800bp covering partial coat protein
(CP) and 3' UTR, thus indicating the tentative presence
of potyvirus (Fig. 2).

To know the complete information of the virus species,
primers specific to PStV (PstV for and PstVrev) were
designed. The primer pair (PstVfor& rev) further
amplified a DNA fragment of 1300bp representing
polymerase gene, complete CP gene and 3' UTR (Fig.
3). The amplicons were cloned, sequenced and
submitted to GenBank database with the accession
numbers ON152317, ON152319-ON152322,
ON186489. The nucleotide analysis of sequences under
research revealed PStV homology.

A comparison of nucleotide and protein sequence
between Indian PStV (ON152317, ON152319-
ON152322, ON186489) isolates, with other isolates
retrieved from GenBank showed 89-96% and 93-97%
similarities respectively (Table 2). Nucleotide sequence
analysis of all the obtained PStV sequences, revealed a
long open reading frame with a terminating codon TAA
at position 1086. Each sequence comprised of 225bp of
nuclear inclusion b protein (polymerase), 861bp of
complete coat protein gene, followed by a 3'UTR of
216bp (ON152317, ON186489), 210bp (ON152322,
ON152320, ON152321) and 209bp (ON152319).
Comparison of amino acid sequence alignment of
Indian PStV isolates (under study) with other isolates
retrieved from GenBank (Table 2) showed a putative
cleavage site (EVXXQ/S) and coat protein of identical
size- 288 amino acids. Three different protease
cleavage site for the production of CP gene inpotyvirus
are Q/S, Q/G and Q/A and the putative cleavage site
Q/S was found in the PStV sequence (Fig. 4). The N-
terminal regions of coat proteins among Indian PStV
isolates and that of Vietham (DQ925418), Thailand
(AF200623, AF200624) and Taiwan (AF063222,
AY968604) were found to be highly conserved, both in
sequence (94-96%) and in length (52aa). Moreover
these isolates also showed conserved core and C-
terminal regions. The CP of each isolates are
characterised by the presence of conserved DAG motif
near the N-terminal region which is essential for aphid
transmissibility and characteristic of most of the
potyviruses (Atreya et al., 1991; Harrison et al., 1988).
Beside this, the 6 conserved motifs owned by potyvirus
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were also found in the amino acid sequence of the PStV
coat protein gene of this study. These motifs include
EN/DTERH, QMKAAA, YAFDFYE, MVWCIE/DNG,
WV/TMMDGD/E/N and P/RIAYMPRYG (Fig. 4).
These sites are likewise conserved in the potyvirus
family (Zheng et al., 2008). Coat protein gene was
subjected to nucleotide sequence determination in the
absence of full genome sequence of the viruses and
serve as the basis for the classification (Adams et al.,
2005; Inoue-Nagata et al., 2022). The sequence
homology (94-96% at nt and 95-97% at aa) found
between CP gene of PStV isolates of this study with the
previously reported isolates suggested that they were
the strain of same potyvirus. (Khan et al., 1993, 1990;
Shukla & Ward 1988, 1989). This was further
supported by the findings that their 3'UTR shared 90-
95% identity with the published PStV sequences in
GenBank, which was within the cut off range of
identifying the strain of same virus (Frenkel et al.,
1989). Based on these criteria, nucleotide/protein
sequences of CP and 3'UTR under study, suggest that
the virus isolates belong to genus Potyvirus of strain
PStV. The occurrence of PStV (Singh et al., 2009) and
PaYMV (Zaim et al., 2013) in patchouli has been
reported previously from India. But these studies
provide information on the partial coat protein gene.
Our study however focuses on the amplification of
complete coat protein gene along with 3'UTR and
partial polymerase gene of PStV.

Phylogenetic tree with appreciable bootstrap values
(1000) was constructed using the nucleotide sequences
to determine relationship between PstV isolates (present
study) with the previously reported PStV isolates using
Azuki bean mosaic virus as an outgroup. Dendrogram
generated showed two different groups, Group I and
Group II (Fig. 5). Group I includes all the isolates from
India; Assam (ON152317 & ON186489), Karnataka
(ON152322 & ON152320), Palampur (ON152321 &
ON152319), Vietnam  (DQ925418),  Thailand
(AF200624 & AF200623) and Taiwan (AF063222 &
AY68604), clustered in a single clade signifying their
close resemblance. Group II includes isolates from
China (KF439722) and USA (U34972 & U05771).
Similarly, fabavirus, BBWV2 has been detected based
on RT-PCR technique in patchouli.RT-PCR using
fabavirus  group  specific  degenerate  primer
pairs(Fab5'R1F/ Fab5'R1R) amplified DNA fragments
of expected size (~ 400bp) which were cloned and
sequenced (Fig. 6). Furthemore, specific primers
(BBWV2for & BBWV2rev) designed against CP gene
sequences of BBWV?2 also amplified a DNA fragment
of ~ 1kb (Fig. 7). Amplicons were subjected to
nucleotide sequence determination and phylogenetic
analysis and were submitted to GenBank with accession
numbers  ON60225land  ON638916-ON638920.
Patchouli was found to be infected with fabavirus,
PatMMYV and first characterised from Japan by Ikegami
et al. (1998) and co-worker. However, PatMMV
considered an isolate of BBWV at serological level
having similar particle morphology.
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Table 2: Percent homology of nucleotide sequence (below the diagonal line) and amino acid sequences (above the diagonal line) of Indian PStV isolates (this study) with

those previously reported in GenBank.

ON152317 | ON186489 | ONI152322 | ON152320 | ONI152321 | ON152319
(i stuiy) | (his stuy)  (his stucy) | (ohis atody) | (his atuy) | (This stuy) | AF063222 DQ925418 AY068604 | AF200624 | AF200623 U34972 | KF439722|  U0s771 | AB012663
ON152317
(This study) 08 98 08 99 08 9% 9% 9% 95 95 94 95 95 93
ON186489 99 98 98 98 98 9% 95 9% 94 94 94 94 94 93
(This study)
ON152322 08 08 100 98 08 9% 95 9% 94 94 94 94 94 93
(This study)
ON152320 98 98 100 98 98 9% 95 9 94 94 94 94 94 93
(This study)
ON152321
(This atudy) 98 98 9 99 99 9% 9% 97 95 95 94 95 95 94
ON152319 98 08 99 9% 100 o7 9% 7 95 95 04 95 95 94
(This study)
AF063222 9% % % % % % 97 100 % 9% % % % 9
DQ925418 % 9 95 9% 9% 9% % o7 %8 98 9% 9% 9% 94
AY968604 4 4 95 95 95 9% ) % 9% 9% 9% 9% 9% 94
AF200624 4 94 94 94 95 9 9 97 % 100 % 9% % %
AF200623 9 9 94 9 95 95 9% 97 9% 100 9% 9% 9% 93
U34972 %3 %3 % % 94 94 94 94 95 94 9 100 100 94
KF439722 92 % 93 %3 % 9 % 94 95 9 94 99 100 9
U05771 92 % 9 %3 93 9 9 94 95 9 94 100 % 94

AB012663 89 89 89 89 90 % 9% 9 9% % 9 89 89 89

Table 3: Percent homology of nucleotide sequence (below the diagonal line) and amino acid sequences (above the diagonal line) of Indian BBWV?2 isolates (this study)
with those previously reported in GenBank.

ONG02251 | ONG38916 | ON638917 | ON638918 | ONG38910 | ON63920
(This (This (This (This (This (This | OK05854 | MW55659 | AF104335 | HQ283389 | AB013616 | AB0320403 | AF225054 | AB018698 | AJ132844 | JX183226 | KT988974
study) study) study) study) study) study)
ONG02251
(This o) 100 97 97 97 o7 97 97 9% 95 97 9% 9% 95 9% 97 61
ON638916 100 98 97 97 o7 o7 o7 9% 95 97 96 o1 95 9% 97 62
(This study)
ON638917
(this stady) 97 97 97 97 o7 o7 o7 9% 95 97 9% o1 95 9% 97 62
ON638918 97 97 99 97 9% o7 o7 95 95 9% 95 9 95 9 9% 62
(This study)
ON638919 97 97 97 97 100 o7 o7 9% 9% 97 96 o1 95 9% 97 62
(This study)
ON63920
(This stu) 9% 97 97 97 100 97 97 9% 9% 97 9% o1 95 9% 97 62
OKO05854 o1 o1 92 92 o1 oL 99 9% o7 99 98 92 o7 9% 99 62
MW55659 o1 o1 o1 o1 o1 oL %3 98 98 99 08 92 o7 98 99 62
AF104335 89 89 89 90 90 ) 90 oL 99 98 97 o1 % o7 o7 62
HQ283389 89 89 89 90 90 89 9% o1 % 97 9% o1 9% 9% o7 62
ABO13616 87 87 87 87 87 87 86 86 87 86 99 93 98 98 99 62
AB0320403 85 85 86 86 85 85 86 85 86 85 o1 92 o7 o7 98 62
AF225954 79 79 79 79 80 80 81 80 8L 8L 8L 80 92 %3 93 57
ABO18698 80 80 80 80 80 80 81 80 82 82 82 81 89 o7 o7 62
AJ132844 84 84 84 84 84 84 85 85 84 83 85 84 79 81 %8 62
1X183226 83 83 84 84 84 84 86 85 84 84 85 85 80 80 ) 62
KT988974 62 62 62 61 62 62 62 62 61 61 62 62 56 56 60 61
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After sequencing the amplified DNA fragment
(1032bp), BLASTn and BLASTp analysis showed
highest homology with BBWV2. Comparison of
nucleotide and deduced amino acid sequence between
Indian isolates (ON602251and ON638916-ON638920)
with earlier reported isolates of BBWV2 showed that
the nucleotide percentage similarities ranged between
79 to 91% and protein similarities ranged between 92 to
97% (Table 3). BBWV?2 isolates under study revealed
highest sequence identity with isolates from China
(MW55659) and Germany (OK05854) (91% at
nucleotide and 97% at amino acid). The nucleotide
sequence analysis of CP gene of BBWV2 (under study)
showed partial LCP (596bp) and SCP (435bp).
Alignment of amino acid sequences (344 residue) of all
the Indian BBWV?2 isolates with previously described
isolates from GenBank showed putative cleavage site
Q/S or Q/A between LCP and SCP (Fig. 8).

In order to know the phylogenetic relationship with
other BBWV2, the CP nucleotide sequence (partial) of
Indian isolates (ON602251 and ON638916-ON638920)
were compared with the sequence of other BBWV2

isolates along with BBWV1 isolates as outgroup. Based
on phylogenetic analysis RNA2 genome of BBWV2
isolates is divided into two groups, namely Group I and
Group II (Fig. 9). Group II includes isolates from Japan
(AB013616, AB032403 & ABO018698), Singapore
(AF225954), China (AJ132844), and Korea
(JX183226). While Group I is further divided into two
subgroup, Ia and Ib. Subgroup la comprises all the
Indian isolates [Assam (ON602251 & ONG638916),
Karnataka (ON638917 & ON638918), and Palampur
(ON638919 & ONG638920)] along with isolates from
Germany (OK058514) and China (MW556592). The
subgroup Ib includes isolates from China (HQ283389)
and Korea (AF104335).

To the best of our knowledge, this is the first report of
BBWV2 infection in patchouli plant from India,
showing mixed infection with PStV, a Potyvirus.
Earlier report suggested that the infection of BBWV?2
increased abruptly with co-infection with Cucumber
mosaic virus (CMV), Pepper mottle virus, Pepper mild
mottle virus and/or Potato virus Y (Kwak et al., 2013).

M 1 2

1kb

250 bp

800 bp

Fig. 2. RT-PCR amplification of potyvirus gene from virus suspected patchouli leaves using degenerate primers
(CPUP & CP9502). M=1kb marker; lane 1 & 2= leaf samples from Assam; lane 3 & 4= leaf samples from
Karnataka; lane 5 & 6= leaf samples from Palampur; lane 7= negative control (RNA from healthy samples)

1kb

250bp

1300bp

Fig. 3. RT-PCR of RNA from patchouli samples using PStV specific primers (designed in this study, PstV for
&PstV rev) on 1% agarose gel showing amplicon size of about 1300bp. M=1kb marker; lane 1 & 2= leaf samples
from Assam; lane 3 & 4= leaf samples from Karnataka; lane 5 & 6= leaf samples from Palampur; lane 7= negative

control (RNA from healthy samples).
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UTSTTE2E /and_C10/India CYPELLOE: a LXCTL AKY LAVLOFDYE g1k
UTSTTI30/AN4_C20/ India SYFELLOE IRKFYLNLLERDELEE TARSGGEAFY IAL SA LY T LY THER TRIEELAKY LAK LD F DY EVGOSESVRLE TSQRFY
UTSTTI29/MEFSTV C3/Indin SYFELLOE IRKFYLNLLERDELEE TAR SGGARY TA SA LY T LY THER TRIEELAKY LAVLOF Y EVGOGE SV LS G SN T S PR VDAGRE
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ARBOL02% /Blotch/ DSk SYFELLOEIRKFYLWLLERDELXETA EELAKY LAVLINDYEVGCGESVALY ST IDEEEXS
ARBAE14T clone Blobck/Usk CYPELLOETREFYLWLLYANETLXETA EELAEY LAVENFTYEVGOGCES VAL L
ABLOS 393/ BOMY -Fut=VH,/581 /Anstr GYFELLOEIRKFYLWLLERDELRE TARSGGEARY IALSA LT LY THER TRIEELAKY LAVLD SO YEVGOSES VILY TORFV xs
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ARCIESTE/EN-Habd /Thailand CYPELL x A LXCTL AKY LAVLOFDYE LECES - PO
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UTSTT929/MbFSTV_C3/ Indin VVFRLRAET EETVISHLONLLDYEFEQTOL YEIDDE
UTSTT927/MbFatY C3/Indin VVFRLRAET EETVISHLONLLDYEFEQTOL YEIDDE
UTSTTI28/PHE_C1/India VVFRLRAET RGNV LNLONLLOYKFEQTOL YEIDDE
OTSTTE2E/PHE_C20, India VVEPRLOET MENVI LNLONLLDYEPEQTOL YEIDOE
ARNEZ171/TS/Taiwan VVFRLHET EENVI LNLONLLOYKFEQTOL YEIDOE
ARCEZATL/TS/ Taiwan VVFRLHET EGNVI LNLONLLOYKFEQTOL YEIDDE
ACEHZ019/Laixs fChane TVEPRLOET MENVI LNLONLLDYEPEQTOL YEIDOE
ARBO102% /Blotch/ DSK TVFRLOET EENVI LNLONLLOYKFEQTOL EIDDE
ARBE3147/cloos Blobch/USA TVFRLOEL EGNVI LNLONLLOYKFEQTOL MO TN YEIDOE
ABLASA9E /BOWT -Put-VN,/S81 /Aastr TRLGET i DHLLDYEPE EICDE
ARGIESTS/SN-Hibd Thailand WV FRLEL EENVI LNLONLLOYKFEQTOL TEIRDE
ARGIESTE/SH-Hib3 Thailand WV FRLET EENVI LNLONLLOYKFEQTOL TEIEDE
Clustal Conssnsus BIEEE EE_ SSES % SSES SESE SESEE NS AEIESEEESEENEEEE HE SIS SRR ASEEEE
220 238 240 250 260 27 284 290
UTSTTH25/AN4_C10/India OMST SPD LFNLBIIKHL FYERT
UTSTTI30/AN4_C20/ India QMST SRD LFNLRIIENL ¥
UTSTTI29/MEFSTV C2fIndin QMST 5RO LRANLFICHL FET
TTSTTELT /MbPe W O3/ Indin ST LANLBIENL
UTSTTH28/PHE C1/ India QMST SRD LRANLFICHL FET
UTSTT92E/PHE_C20/ India QMST 5RO LFNLRIIENL YT
ARNEZF1T1 /TS fTaiwan LANLFCIEKL YENT
ARCEZATL/TS/ Taiwan QMST SRD ¥ LFNLRIIENL YT
KGZHZ01%/Laixi/Chins QMST 5RO LFNLRIIENL ¥
AREG102% /Blotch/ DA SR FNLPIFENL £
ARBE3147/clocos Blobch/USA QMST SRD LFNLRIIENL ¥
ABLOS 393/ BOMT =Fu t=VN,/501 /Anstr QMST 5RO LFNLBDENLARYATDF TERT
ARGHESTS/SN-NMi1b2 fThailand PMST SPD FNLRIRNL X
ARCYESTE/SN-R1b3  Thailand OHST LANLFEHL FYEpT
Clustal Conasnmus wEsssssnn LI B bo-sssshsssssssssnfsussnsnps
334 140 350 360
UTSTTI25/AN4_C10/ India AV AOMEAAN LS VNS ELTGLOGHVATT JNMITTLLGMGTRD
OTSTTHAG /AN4_C20, India JFGLOG LLCMGTAD
UTSTTI29/MEFSTV C3fIndin AV AOMEAAN L S VG ELTGLOGHVATT JNMITTLLGMGSAD
UTSTTH27/MbFatY C3fIndin AV AOMEAAN L S EVHGEL T GLOGHVATT JNMITTLLGMGSAD
OTSTTH2E/FHE_C1/Indim { T GLOGHVATT LEMGSAD
UTSTT92E/PHE_C20/ India AV AOMEAAN LS VNS ELTGLOGHVATT JNMITTLLGMGSAD
ARNEZ171/TS/Taiwan AV AOMEAAN LS VNS ELTGLOGHVATT JNMITTLLGMGEAD
ARCEZIT1 /TS, Taiwan { T GLOGHVATT LEMGSAD
KGZHZ019/Laixi/Chins AV AOMEAAN LS VNS ELTGLOGHVATT JNMITTLLGMGSAD
ARBO102% /Blotch/DSK AV AOMEAAN LS VNS ELTGLOGHVATT JNMITTLLGMGSAD
ARBA 3147 /clone Blotch/USA AV ADMEAANLS VRS FLNGLOGHVATT JNMELT LLGMIGSAD
ABLOS 393/ BOMT = Fu t=VH,/ 581 /Anstr AN ACME AN S VS LT GLOGH AT JHMETT LLGMG SAD
ARGIESTS/SN-Ribd fThailand AV AOMEAAN LS VNS ELTGLOGHVATT JNMITTLLGMGSAD
ARGIESTE/SH-Hib3 Thailand AV AOMEAAN LS VNS ELTGLOGHVATT JNMITTLLGMGSAD

Fig. 4. Comparison of the amino acid sequences of Indian PStV isolates (under study, Accession no.UTS77925-
UTS77930) with isolates retrieved from GenBank. Identical amino acids are indicated by asterisk, gaps are indicated
by dashes, putative cleavage sites is indicated by vertical arrow and conserved sites in CP potyvirus are indicated in
box.
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Fig. 5. Phylogenetic tree based on the CP gene nucleotide sequences to show the relationship of Indian isolates
(under study, Accession no. ON152317, ON152319-ON152322, ON186489) with other isolates of PStV obtained
from GenBank. Dendograms were constructed in MEGA using neighbour joining method with Azuki bean mosaic
virus as an outgroup (Tamura et al., 2021).
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Fig. 6. RT-PCR amplification of fabavirus gene from patchouli samples with degenerate primers (Fab5‘RIF &
Fab5‘R1R) on 1% agarose gel M=1kb marker; lane 1 & 2= leaf samples from Assam; lane 3 & 4= leaf samples from
Karnataka; lane 5 & 6= leaf samples from Palampur; lane 7= negative control (RNA from healthy samples).

M 1 2 3 4 5 6 T

1 1032 bp

250 bp

Fig. 7. RT-PCR amplification of BBWV2 gene from patchouli samples using specific primers (designed in this
study, BBWV?2 for & BBWV?2 rev) on 1% agarose gel M=1kb marker; lane 1 & 2= leaf samples from Assam; lane 3

= leaf samples from Karnataka; lane 5 & 6= leaf samples from Palampur; lane 7= negative control (RNA from
healthy samples.
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Fig. 8. Comparison of the amino acid sequences of BBWV?2 Indian isolates (under study, Accession no. UTO68735-
UTO68740) with the isolates obtained from GenBank. ldentical amino acids are indicated by asterisk, putative
cleavage site between LCP and SCP is indicated by vertical arrow.
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Fig. 9. Phylogenetic tree derived from the nucleotide sequences to show the relationship of Indian isolates (under
study, Accession numbers ON602251, ON638916-ON638920) with previously reported BBWV2 isolates
downloaded from GenBank. Dendograms were constructed in MEGA using neighbour joining method with Broad

bean wilt virus 1 as an outgroup (Tamura et al., 2021).
CONCLUSIONS

PStV (potyvirus) and BBWV2 (fabavirus) have been
identified as the viruses associated with the mosaic
disease of patchouli plants in India based on the highest
nucleotide identities of CP gene sequence and their
phylogenetic relationship. Phylogenetic analysis of
PStV isolates under study showed close resemblance
with Taiwan, Vietnam and Thailand. The phylogenetic
analysis of BBWV2 showed its close resemblance with
China and Germany isolates. Consequently, the present
study reveals the virus diversity, subgrouping,
evolutionary history within the patchouli viruses in
India.

FUTURE SCOPE

The results presented here would provide a comparative
analysis of PStV and BBWV?2 viral isolates at the
nucleic acid level. This would help in the development
of methods for a more accurate diagnosis,
understanding of their mode of infection, and
eventually the establishment of virus-resistant strains.
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