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Deve|opment of a single—tube multiplex and has a narrow host rangeYMoV infecting black pepper
RT—PCR for the simultaneous has been characterized from Sri Lanka and Thdiiardhe

- ) . major means of spread of CMV and PYMoV is through
detection of Cucumber mosaic virus the use of infected stem-cuttings. Hence use of virus-free

and Piper yeIIow mottle virusaissociated planting material is important to check the spread of the

. . disease. Symptoms cannot be used as the sole criterion to
with stunt disease of black pepper identify healthy plants, as masking of symptoms during

monsoon and winter months is seen in many of the affected

A. I. Bhat* and S. Siju vines. ELISA is not a reliable method especially for the
Division of Crop Protection, Indian Institute of Spices Research, detec“?zn of PYMoV, as it occurs at a low titre in
Marikunnu, Calicut 673 012, India plants 2

PCR-based techniques are highly sensitive and are em-
Single-tube multiplex RT-PCR was developed for the ployed for the detection of plant viruses. Detection of viruses
simultaneous detection ofCucumber mosaic virugnd by PCR relies on the isolation of amplifiable/good quality
Piper yellow mottle virusn black pepper. PCR primers pNA and RNA free from polyphenols, polysaccharides
de5|gn(f-:-d for amgllfylng 6;50 bphfrom the co;t prfoteln and endogenous nucleases. Phenolics are readily oxidized
gene of CMV and 450 Op from the open reading frame ., ¢y, covalently linked quinones and bind with nucleic
| of PYMoV were used in the reaction. The quantity of 13 : . .
acids®. Endogenous nucleases reduce integrity of nucleic

template used in MRT—PCR was found to be crucial for . L . - .
successful amplification. The method was found Success_aC|ds and thereby inhibit detection of nucleic acid targets
in PCR. Multiplex PCR (m-PCR) is a variant of PCR in

ful for the detection of both the viruses infecting black ' : ! - ]
pepper in nursery and field Samp|es_ The method is which two or more loci are SlmUItaneOUSIy ampllfled using
rapid, reliable and requires only small tissue sample for several pairs of primers in a single reaction. Therefore, it
sensitive detection. The entire procedure can aid in the is considered as a rapid method for the detection of viruses
rapid screening of a large number of plants for both in legume¥’, grapevin&, olive tree¥, sugar beéf, potatd®
viruses. and ricé®. However, in all these cases (except in rice),
detection of either many RNA or DNA (not RNA and DNA)
Keywords: Black pepperCucumber mosaic viru®iper viruses was reported. In this study, we evaluated the simul-
yellow mottle virustotal nucleic acid isolation. taneous isolation of amplifiable total nucleic acid from
black pepper that aids in the development of a single-tube
BLACK pepper Riper nigrumL., Piperaceae) is an econo-mRT-PCR for the detection of the RNA virus (CMV) and
mically important spice grown in many South East AsiapNA virus (PYMoV) from the same sample.
countries, including India. High incidence and severityof The virus isolates were collected from black pepper
stunt disease was reported in India from black pepp@ines of plantations from Kodagu District, Kataka; and
plantations located especially in high attitid@he asso- Kozhikode, Idukki and Wynad districts, Kerala, India.
ciation of two distinct viruses with the disease, @acumber These isolates were maintained through vegetative propaga-
mosaic virus(CMV, genusCucumovirus family Bro- tion under controlled insect-proof glasshouse s
moviridae) andPiper yellow mottle viru$PYMoV, genus  at Indian Institute of Spices Research, Calicut. Tender,
Badnavirus famlly Caulimoviridae) was reported from young leaf Samp|es collected from SymptomatiC, asymp-
Brazil, India, Indonesia and Sri Larfk& However, asso- tomatic, PCR-positive (CMV and PYMoV positive con-
ciation of PYMoV alone with the disease was reportegtol) and healthy (negative control) plants were used in
from the Philippines and ThailahdCMV is one of the the study. Experiments were repeated at least two times
most widespread RNA viruses of substantial agriculturab score a plant as PCR-positive or negative.
importance, infecting more than 1000 plant spéciese For extraction of the total nucleic aci@@NA and RNA),
genome of the virus consists of three positive sense, singéemodified protocol was developed by combining methods
stranded RNAs (RNA 1-3) and a sub genomic RNA (RNA 4escribed earlié??%. Briefly, 50 mg of tender black pepper
which is involved in encapsidatidrBased on the nucleotide |eaf tissue from healthy and infected plants was ground
sequence homology and serological properties, numerosisparately in 500 of denaturing solution [4 M guanidium
strains of CMV have been classiffddto two major sub- thiocyanate, 25 mM sodium citrate (pH 7.0), 0.5% (w/v)
groups, | & II. Subgroup I has been further divided into twgodium N-lauryl sarcosine, 0.1% (v/@mercaptoethanol,
subgroups (IA and IB) based on phylogenetic analysis agds9, (w/v) sodium sulphite] and collected in a microcen-
gene sequencts'’. Based on the coat protein sequencgifuge tube. To this, 5@l of 2 M sodium acetate (pH
homology, CMV infecting black pepper was identifiédl  4.0), 500ul of water-saturated phenol and 10000f chlo-
be a strain belonging to subgroup IB. PYMoV is a bacilliroform: isoamyl alcohol (491) were added serially with
form, monopartite virus with double-strand@NA genome  intermittent mixing at each step. The tube was then shaken
for 15 s and kept on ice for 15 min. The resulting homoge-
*For correspondence. (e-mail: ishwarabhat@spices.res.in) nate was centrifuged at 12,09@or 15 min at 4C, which
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resulted in the separation into three phases — aqueous phasémplified products (25l of 50 pl reaction mix) were
organic phase and interphase. The aqueous phase waaalysed with 500 bp DNA ladder (Genei) on 1% agarose
carefully collected in a fresh tube and mixed with equael containing ethidium bromide. Bands were visualized
volume of isopropanol followed by incubation at 280 and photographed using an UV transilluminator and a gel
Next 0.5 volume of 0.1 M Tris (pH 10.5) was added to théocumentation apparatus (Alpha Innotech Corp, CA, USA).
organic phase and interphase, gently vortexed for 15 s,For cloning of PCR products, the expected size bands
incubated on ice for 30 min followed by centrifugation atvere excised from the gel and eluted using Perfectprep Gel
2000g for 15 min at 4C. The resulting supernatant wasCleanup kit (Eppendorf, Germany). These eluted bands
extracted twice with equal volume of chloroforrmoamyl  were cloned in T/A cloning vector (Genei) aBsicherichia
alcohol (24: 1) followed by centrifugation at 12,0@ffor  coli DH-5a were transformed. Recombinant clones were
10 min at 4C. To the final supernatant, 0.1 volume ofidentified by restriction digestion. Three clones each
3 M sodium acetate (pH 4) and 1 volume of ice-cold ismf CMV and PYMoV olained by independent cloning
propanol were added and mixed well by gentle pipettingvents were sequenced at Avestha Gengraine Pvt Ltd, Ban-
This entire sample was then added to the tube containigglore.
RNA kept at —80C and incubated for a further 1 h for Initially, plants were tested for the presence of CMV
precipitation of total nucleic acids. Centrifugation aand PYMoV separately by RT-PCR and PCR respec-
12,000g for 10 min at 4C yielded a pellet, which was tively, using specific primers. Plants showing mixed in-
washed with 75% ethanol and air-dried. The final pelldection with CMV and PYMoV were selected for mRT—
was dissolved in 80.0l of sterile HPLC grade water. = PCR studies. Total nucleic acids extracted from mixed in-
Two pairs of compatible oligonucleotide primers suitfected plants when subjected to mMRT-PCR, showed the
able for single-tube mMRT—PCR were designed on the bapigsence of two PCR products of expected size (650 bp for
of published sequence data of black pepper isolates @MV and 450 bp for PYMoV). No such bands were ob-
CMV (GenBank accession no. AY545924) and PYMo\served in healthy plants (Figure 1). Further identity of
(GenBank accession no. DQ836226). Sequences of oligmmplicons was confirmed by their sequencing and analy-
nucleotides along with their expected amplicon size asés with published sequence data available in GenBank.
listed in Table 1. Specificity of the primers was checke8equence analyses showed that the amplicon for CMV
using BLAST? and compared with other sequenced isolategas 657 bp and matched exactly with CMV (AY545924).
deposited in GenBank. Similarly, the amplicon for PYMoV was 450 bp and
A single-tube mMRT-PCR was set up for amplificatiomatched with the sequence of PYMoV (DQ836226).
of CMV and PYMoV. For initial standardization, mRT— In order to determine the optimum template volume re-
PCR contained 2 PCR reaction buffer (Genei, Bangaloreguired for effective amplification, mMRT—-PCR was set up
India), 1.5 mM MgC} (Genei), 10 mM DTT, 375M using a range of template volumes 1A0*, 1073 1072,
dNTPs (Merck, India), 10 U RNasin (Genei), 15 pmol each0™?, 1.0 and 5.Qul). Results showed that detection level
of the four primers, 1.5 Oag DNA polymerase (Genei) of both viruses varied depending on the template volume.
and 20 U MuMLV RT (Finnzymes, OY, Finland). A rangePYMoV was detectable at all template volumes used,
of template volumes was used in separate reactions ahdugh better detection was observed in template volumes
the final volume was made up to 5quby adding sterile ranging from 10° to 5.0l (Figure 2). In contrast, CMV
HPLC-grade water. The finally adopted mRT—PCR corcould be detected only at higher template volumes ranging
tained half the volume of all théave reagents. Separatefrom 1072 to 5.0ul. For simultaneous detection of both
PCR and RT-PCR containing individual sets of specificiruses, optimum template volume was found to be in the
primers were set up along with the multiplex reaction farange 10'-1pl in a 50pl reaction, where both bands
comparison. Synthesis of cDNA was performed &CADr  were strong and clearly visible (Figure 2).
45 min and amplification was carried out for 40 cycles in The optimized detection procedure was used for screening
an automated thermocycler (Eppendorf master cycler, gradiruses in black pepper samples collected from different
ent). Each cycle consisted of denaturation &C9@0 s), geographical regions of Kerala and Karnataka. Of the to-
primer annealing at 5C (1 min) and extension at 72 tal 49 samples tested, 34 were positive for virus infection.
(1 min), followed by a final extension at°@ (10 min). Among these, three samples were positive for combined

Table 1. Sequences of oligonucleotide primers designed for amplification of CMV and PYMoV infecting black pepper using
multiplex RT-PCR

Primer name Sense SequencélfB) Region amplified Amplicon size (bp)  Accession no.
CMV-F Forward ATGGACAAATCTGAATCAAC Coat protein gene of CMV 650 A¥5924
CMV-R Reverse  TCAAACTGGGAGCACCC

PYMoV-F Forward TAACAGGACTAGGGATCG Portion of ORF | of PYMoV 450 DQ836226

PYMoV-R Reverse = CAGCTGGTCTTGATAATAG
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MABCTD E acids (DNA and RNA) were combined in the isopropanol
step to co-precipitate in a single tube. Detection of viruses
at low template volumes suggests the effective extraction
of amplifiable amount of total nucleic acids from the tissue.
The use of optimum template volume was found to be
crucial for swcessful amplification of both viruses. PCR-
based detection of more than one RNA/DNA virus was
reported from different crop5*® Though simultaneous
detection of an RNA and DNA virus was reported from rice,
templates were generated only using commercidf.kit
The present study reports the total nucleic acid isolation
tF)igure I1-t ﬁgar<§$ %% R63lec_tropthtzrefsis rl)rqfile %f antﬂplitiogs]( obtag?eqbrocedure that provides amplifiable templates for mRT—
prsr',Z?,eLa”nf ,'\TA‘ 500 bp Smgla%geﬁulgﬁf ;"C'H:;nrh"’;,c;ac{(ogqemfe ®CR-based detection of two distinct viruses. Thus we re-
and lanes B—E, Infected plants. port the simultaneous isolation and detection of RNA and
DNA viruses infecting black pepper.
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evitable for completing their life cycle, they are known as
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are drought-tolerant and are secondary colonizers on bar-
ren rocks in a xerosere after lichens. With a remarkable
capacity to absorb water they turn fresh in no time and
] ) ) hence are also known as ‘resurrection plants’.
Bryophyte diversity along a gradient of  India, one of the 12 megabiodiversity countries of the

human disturbance in the southern world, possesses a large area and a variety of phytocli-
matic conditions which contribute to the great diversity

Western Ghats of the flora. Pandédivided these zones into seven bryo-
geographical regions, namely the Western and Eastern

A. E. D. Daniels* and K. C. Kariyappa Himalayas, Punjab and West Rajasthan, Gangetic Plains,

Central India, Deccanl&eau, and the Western and East-
ern Ghats. The flora of the Western Ghats has been studied
Evergreen forests, degraded evergreen forests, cloveWith emphasis on flowering plants and even pteridophytes.
and rubber plantations were sampled for bryophyte However, knowledge on the taxonomy, ecology and dis-
species diversity in the Southern Western Ghats. Ev- tribution of bryophytes is still far from adequatore-
ergreen forests have the highest diversity followed by over, questions like whether monoculture plantations lead
degraded evergreen forests, clove and rubber planta- to reduction of species diversity and ultimately local ex-
tions. Besides, evergreen forests have the highest num+inction of species remain unanswered. The present study
ber of exclusive species whereas degraded evergreeng 4, effort to answer such questions and to highlight the
forejsts, clove and rubber planta_tlons have more gen- need, for conservation of natural ecosystems.
eralized and light-tolerant species such aFissidens Kanvakumari District. Tamil Nadu is situated at the
ceylonensis Hyophila comosa H. involuta and Frul- y . ' ) .
lania acutiloba Monoculture plantations and degraded Scuthernmosttip of Peninsular India. It lies betweh 8
and 830N lat.; 7710 and 7736 E long. The geographical
position of the district is such that ggeives both south-
*For correspondence. (e-mail: dulipdaniels@yahoo.co.uk) west and northeast monsoons. Normally duriegdinber
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