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Abstract
Sensitive and effective phytoplasma DNA amplification in symptomatic rose cultivars is a long unresolved problem. In the 
present study, improvement in standardization for PCR assay for phytoplasma detection was established with rose samples 
by selection of various combinations of nested primer pairs of 16S ribosomal gene and secA gene. CTAB DNA extraction 
method was slightly modified by adding 2% polyvinyl pyrrolidone and increased the isopropanol volume  which yielded bet-
ter quality DNA. Best amplification results were achieved in nested PCR assay employing P1/P7, R16mF2/R16mR2 and 
R16F2n/R16R2, P1/P7 and R16mF2/R16mR2, and R16mF2/R16mR2 and fU5/rU3 primer pairs. Besides, a multiplex PCR 
assay was also developed and optimized for consistent identification of phytoplasma in rose samples by employing primer 
pairs of 16S rRNA and secA genes together in a single PCR reaction by optimizing annealing temperature at 55 °C.

Keywords  Rosa × hybrida · DNA extraction · Candidatus Phytoplasma asteris · Nested PCR assays · 16S rRNA gene · secA 
gene

Introduction

Rose (Rosa × hybrida L.; family Rosaceae) is the most 
important commercial cut flower; comprises of more than 
150 species and occupies the first position in international 
as well as domestic trade. The Dutch cut flowers trade 
accounted for roughly 2.6 billion Euros, whereas garden 
plants had a turnover of over 400 million Euros. The revenue 
of cut flower sales of roses is leading worldwide with a value 
of 707 million Euros (Royal FloraHolland 2020). In India, 
total area under rose cultivation is 29.41 thousand hectares 
with a production of 301.95 thousand MT (NHB Database 
2017). Diseases are the main cause of low productivity of 
ornamentals including rose, and phytoplasmas are one of the 
most emerging plant pathogens in twenty-first century and 
major causes of many ornamental diseases. About 90 species 

of ornamental plants reported to be associated with phy-
toplasmas belonging to 14 different 16S ribosomal groups 
worldwide (Bellardi et al. 2018). Among the diseases, phy-
toplasma diseases associated with different maladies in 
rose cause serious loss in flower production and effects on 
flower marketability (Madhupriya et al. 2017). Three dif-
ferent groups (16SrI, 16SrII and 16SrV) of phytoplasma are 
reported worldwide on rose (Kaminska et al. 2001; Madhu-
priya et al. 2017; Bellardi et al. 2018).

Detection of phytoplasma in plants is still very crucial 
and no standard protocol has been established so far univer-
sally, which could be used for diagnosis for all types of plant 
tissues and species. Timely detection of a phytoplasma dis-
ease is very important in the prevention and management of 
the disease. Since, symptoms caused by phytoplasma are not 
always very clear at all the growth stages in rose cultivars in 
the fields, only molecular diagnosis would be the authentic 
and reliable option available for the phytoplasma diagnosis 
in rose samples. But it is always tedious and unpredictable to 
extract good quality DNA and its routine successful ampli-
fication with universal phytoplasma specific primers from 
the rose samples because of presence of excessive phenolic 
compounds and other secondary metabolites (Friar 2005; 
Madhupriya et al. 2017).

 *	 Namita 
	 namitabanyaliari@gmail.com

1	 Division of Floriculture and Landscaping, ICAR-Indian 
Agricultural Research Institute, New Delhi 110012, India

2	 Division of Genetics, ICAR-Indian Agricultural Research 
Institute, New Delhi 110012, India

https://orcid.org/0000-0002-6522-6137
http://orcid.org/0000-0002-2721-3749
http://crossmark.crossref.org/dialog/?doi=10.1007/s13205-021-02713-y&domain=pdf


	 3 Biotech (2021) 11:190

1 3

190  Page 2 of 7

The advent of nucleic acid-based technologies has 
allowed improving sensitivity to limits below the poten-
tial pathogenic thresholds solving some of the challenges 
posed by the need for specific and sensitive detection of 
phytoplasmas (Lopez et al. 2009; Bertaccini et al. 2019). To 
implement an efficient phytoplasma disease control measure 
in rose crops, detection of the phytoplasma is crucial and 
requires the use of a suitable molecular detection protocol 
involving better quality and phytoplasma enriched DNA 
extraction, selection of effective set of primer pairs and 
standardization of PCR amplification cycles. PCR assays 
are generally used for identification of phytoplasmas with 
different round of nested PCR assays and different sets of 
primer pairs. But it is potentially expensive, time taking 
and resource intensive (Bertaccini et al. 2019). However, 
the duplex and multiplex PCR (d-PCR and m-PCR) assays, 
which incorporates different sets of specific primers for 
two or more DNA targets in one reaction tube and enables 
simultaneous amplification of different target nucleic acid 
length in a single PCR test (Pallás et al. 2018). Application 
of d-PCR and m-PCR are quick, reliable, and cost-effec-
tive methods that have been used successfully for detecting 
phytoplasmas in several plant species (Biswas et al. 2013; 
Swarnalatha and Reddy 2014; Malandraki et al. 2015; Reddy 
and Rao 2019).

We have been facing a regular problem in sensitive phy-
toplasma DNA amplifications from suspected symptomatic 
rose cultivars in our lab. Therefore, we attempted to develop 
an effective DNA enrichment extraction method along with 
selection of suitable primer pairs and standardization of 
nested PCR assay for consistent good target amplification 
of phytoplasmas DNA in rose samples. We also attempted 
to develop a multiplex PCR assay by employing different 
sets of ribosomal gene and secA gene specific primer pairs 
together for a successful and consistent amplification of 
phytoplasma DNA associated with rose samples in a single 
PCR reaction.

Materials and methods

Twenty leaf samples from two symptomatic rose cultivars 
‘Deepak’ and ‘MS Randhawa’ (ten samples of each cultivar 
from ten different plants in the field) showing typical phyto-
plasma symptoms and asymptomatic plant samples were col-
lected during a survey in the experimental fields of Division 
of Floriculture and Landscaping, ICAR-IARI, New Delhi, 
India during July to August 2019. Total genomic DNA was 
extracted from leaf midrib by CTAB method (Ahrens and 
Seemuller 1992) with slight modifications.

The concentration of the extracted DNA was adjusted 
to 50 ng/μl and used as a template for amplifications in 
six different PCR runs with separate combination of first 

and nested primer pairs for 16S rRNA gene and secA genes 
(Table 1). In the first and second set of PCR run, the most 
commonly used universal phytoplasma specific, first round 
and nested PCR primers, P1/P7 and R16F2n/R16R2 and 
P1/P7 and3F/3R were used (Table 1). Since, there were no 
amplifications of phytoplasma with any of the two most 
commonly used nested universal primer pairs, another set 
of first and nested primer pairs combinations were attempted 
using P1/P7 as the first primer pair followed by two nested 
round of primer pairs, R16mF2/R16mR2 and R16F2n/
R16R2 (PCR run 3). In the fourth PCR run, a combination 
of P1/P7 in first round followed by R16mF2/R16mR2 as 
nested primers and the fifth PCR run consisted of R16mF2/
R16mR2 as first round followed by fU5/rU3 as nested prim-
ers were used. However, the sixth PCR run used the univer-
sal set of first round secAfor1/secArev3 followed by nested 
primer pair secAfor2/secArev3 for secA gene (Table 1). PCR 
reactions were performed in a Master-cycler (Eppendorf, 
Germany). The PCR cycling parameters for the normal 
PCR were used as described earlier for the above mentioned 
primer pair combinations (Dickinson and Hodgetts 2013; 
Rao et al. 2014; Omar 2016).The details of primers and their 
sequences are listed in Table 1. Each PCR run with different 
set of primer pairs was repeated three times with all the 20 
rose samples (from both the test cultivars) to confirm and 
validate the amplification results.

In another set of experiment, a multiplex PCR assays 
was established by employing four primer pairs, P1/P7, 
R16mF2/R16mR2, R16F2n/R16R2 (PCR run 3) and 
secAfor2/secArev3 for 16S rRNA gene and secA genes in a 
single PCR reaction. The PCR reaction was set up in a 50 μl 
reaction mixture as suggested earlier (Reddy and Rao 2019) 
with a slight modification containing DNA (~ 50 ng, 2 μl), 
44 μl of PCR mastermix (GoTaq® Green Master Mix 2X by 
Promega Biotech India Pvt. Ltd.), 1.25 μl of primer pair P1/
P7 (10 μM/μl), 1 μl of primer pair R16mF2 and R16mR2, 
1 μl of primer pair R16F2n and R16R2 and 0.5 μl of primer 
pair secAfor2 and secArev3 and 0.25 μl nuclease free water 
to make up the complete reaction volume. Different primer 
combinations and PCR programme cycles were tested with 
varying annealing temperatures ranging from 54 to 56 °C 
(data not shown). The PCR cycling parameters for the mul-
tiplex PCR were used as 94 °C, 4 min (1X) followed by 35 
cycles of 94 °C, 45 s; 55 °C, 1 min; 72 °C, 2 min and a final 
extension at 72 °C, 10 min.

Five amplified 16S rRNA and secA gene fragments from 
nested and multiplex PCR assays were purified using the 
Wizard® SV Gel and PCR Clean-up System (Promega, Madi-
son, USA). The purified products were sequenced in both 
directions at Eurofins Genomics India Pvt. Ltd. Karnataka, 
India. The contig of forward and reverse sequences of the phy-
toplasma thus obtained was assembled using software CAP 
contig assembly program and aligned using Clustal W method 
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of BioEdit7 software (Thompson et al. 1994). The 16S rRNA 
gene sequences generated from regular and multiplex PCR 
assays in the present study and the reference phytoplasma 
strains sequences retrieved from GenBank were used to con-
struct phylogeny through MEGA 7.0 version software employ-
ing the neighbor joining method for identification of phyto-
plasma associated with rose cultivars (Kumar et al. 2016).

Results and discussion

Rose cultivars ‘Deepak’ and ‘MS Randhawa’ showing phy-
toplasma related symptoms of phyllody (Fig. 1a) and flower 
malformation (Fig. 1b) were observed in rose fields at IARI, 
New Delhi, during a survey in July–August 2019.

Best DNA quality was achieved in rose samples with ~ 1.8 
ratio of absorbance at 260/280 nm and 2 ratio at 260/280 nm 
absorbance in NanoDrop™ spectrophotometer by CTAB 
extraction method with slight modifications by adding 2% 
polyvinyl pyrrolidone to the CTAB buffer before incubation 
and increased the isopropanol from 0.8 to 1 volume ratio in 
aqueous phase to precipitate the better quality nucleic acid. 
No amplification of phytoplasma DNA was achieved in first 
round of PCR assay using P1/P7 primer pairs in any of the 
symptomatic rose cultivars in the study (data not shown). 
Further, no amplification was observed in nested PCR assay 
using P1/P7 and R16F2n/R16R2, and P1/P7 and 3F/3R set 
of nested primer pairs (PCR run 1 and 2) in any of the tested 
symptomatic rose cultivars. However, these set of nested 
primers are commonly used for the routine amplification 

Table 1   Different combination of primer pair used in the amplification of rose phytoplasma

Primers Sequence Amplification size Annealing 
temperature

References

PCR run 1
 First round PCR P1 5′ AAG​AGT​TTG​ATC​CTG​GCT​CAG​GAT​T 3′ 1.8 kb 55 °C Deng and Hiruki (1991)

P7 5′ CGT​CCT​TCA​TCG​GCT​CTT​ 3′
 Nested PCR R16F2n 5′ TGA​CGG​GCG​GTG​TGT​ACA​AAC​CCC​G 3′ 1.25 kb 56 °C Gundersen and Lee (1996)

R16R2 5′ GAA​ACG​ACT​GCT​AAG​ACT​GG 3′
PCR run 2
 First round PCR P1 Same as above 1.8 kb 55 °C Deng and Hiruki (1991)

P7 Same as above
 Nested PCR 3F 5′ ACC​TGC​CTT​TAA​GAC​GAG​GA 3′ 1.3 kb 63 °C Manimekalai et al. (2010)

3R 5′ AAA​GGA​GGT​GAT​CCA​TCC​CCA 3′
PCR run 3
 First round PCR P1 Same as above 880 bp 55 °C Deng and Hiruki (1991)

P7 Same as above
 Nested PCR R16mF2 5′ CAT​GCA​AGT​CGA​ACGGA 3′ 1.4 kb 55 °C Gundersen and Lee (1996)

R16mR2 5′ CTT​AAC​CCC​AAT​CAT​CGA​ 3′
 Nested PCR R16F2n Same as above 1.25 kb 56 °C Gundersen and Lee (1996)

R16R2 Same as above
PCR run 4
 First round PCR P1 Same as above 880 bp 55 °C Deng and Hiruki (1991)

P7 Same as above
 Nested PCR R16mF2 Same as above 1.4 kb 55 °C Gundersen and Lee (1996)

R16mR2 Same as above
PCR run 5
 First round PCR R16mF2 Same as above 1.4 kb 55 °C Gundersen and Lee (1996)

R16mR2 Same as above
 Nested PCR fU5 5′ CGG​CAA​TGG​AGG​AAACT 3′ 880 bp 55 °C Lorenz et al. (1995)

rU3 5′ TTC​AGC​TAC​TCT​TTG​TAA​CA 3′
PCR run 6
 First round PCR secA for1 5′ AAG​AGT​TTG​ATC​CTG​GCT​CAG​GAT​T 3′ 840 bp 53 °C Hodgetts et al. (2008)

secA rev3 5′ CGT​CCT​TCA​TCG​GCT​CTT​ 3′
 Nested PCR secA for2 5′ GAT​GAG​GCT​AGA​ACG​CCT​ 3′ 480 bp 53 °C Hodgetts et al. (2008)

secA Rev3 5′ CGT​CCT​TCA​TCG​GCT​CTT​ 3′
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of phytoplasma DNA from most of the plants and insects’ 
sample worldwide (Bertaccini et al. 2019). However, the 
phytoplasma amplification of ~ 1.25 kb using primer pair 
P1/P7, R16mF2/R16mR2 and R16F2n/R16R2 (PCR run 3) 
was achieved consistently in all the twenty rose samples of 
two rose cultivars ‘Deepak’ and ‘MS Randhawa’ (Table 1).
The amplifications of ~ 1.4 kb product were achieved using 
primer pair P1/P7 and R16mF2/R16mR2 (PCR run 4) 

and ~ 880 bp in PCR run 5 using primer pairs R16mF2 /
R16mR2 and fU5/rU3 (Table 1; Fig. 2a–c). In PCR run 6, 
amplification of ~ 480 bp product of secA gene was obtained 
in all the twenty symptomatic samples of both the rose culti-
vars using secAfor1/secArev3 and secAfor2/secArev3 primer 
pair (Fig. 2a–c) (Table 1). No amplification was achieved 
with the asymptomatic plants with any of the primer pairs 
used in PCR run 1 to 6.

Fig.1   Symptoms of rose 
cultivars showing a phyllody in 
cultivar ‘Deepak’ and b flower 
malformation in cultivar ‘MS 
Randhawa’

Fig. 2   Gel images showing results of amplifications by different sets 
of primer pairs: a P1/P7 and R16mF2/R16mR2, lane 1: positive con-
trol, lane 2: ‘Deepak’, lane 3: ‘MS Randhawa’, lane 4: negative con-
trol and lane M: marker; b P1/P7, R16mF2/R16mR2 and R16F2n/
R16R2, lane M: marker, lane 1: positive control, lane 2 ‘Deepak’, 
lane 3: ‘MS Randhawa’ and lane 4: negative control; c R16mF2/

R16mR2 and fU5/rU3, lane M: marker, lane 1: positive control, lane 
2: ‘Deepak’, lane 3: ‘MS Randhawa’ and lane 4: negative control; d 
lane M: marker, lane 1: R16F2n/R16R2, lane 2: secAfor2/secArev3, 
lane 3 and lane 4: multiplex PCR assay using P1/P7, R16mF2/
R16mR2, R16F2n/R16R2 and secAfor2/secArev3 of ‘Deepak’ and 
‘MS Randhawa’, respectively
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In multiplex PCR assays, expected PCR amplicons 
of ~ 1.25  kb for 16Sr RNA gene and ~ 480  bp for secA 
gene were consistently obtained using four set of primer 
pairs (P1/P7, R16mF2/R16mR2, R16F2n/R16R2 and 
secAfor2/secArev3) in a single reaction in two rose culti-
vars ‘Deepak’ and ‘MS Randhawa’(Fig. 2d). This successful 
amplification of 16S rRNA and secA genes in a single PCR 
multiplex assay was achieved by manipulation of increas-
ing the PCR buffer (44 µl) and reducing the primer quantity 
from 2 µl (in normal PCR) to 1.25 µl in P1/P7 primer pair, 
1 µl in R16mF2/R16mR2 primer pair and R16F2n/R16R2 
primer pair and 0.5 µl secAfor2/secArev3 primer pair. Three 
different annealing temperatures (54–56 °C) were tested for 
amplifications of 16S rRNA gene/secA genes products and 
the most distinct and intensified amplified products were 
achieved at 55 °C annealing temperature in the multiplex 
PCR assay (Fig. 2d). In multiplex PCR assay, attempts were 
made with primer pairs of 16S rRNA gene used in PCR run 
4 and 5 along with secA gene specific primer. But no ampli-
fication was achieved in either of the combinations of PCR 
run 4 and 5 along with secA gene primer. Our results con-
firmed that only the primer used in PCR run 3 along with 
secA gene specific primer are capable of amplifying rose 
phytoplasma strains. These sets were repeated at least three 
times and very good amplification was achieved consistently 
indicating the suitability and validity of these four set of 
primer pairs.

The amplified PCR products (each of 16S rRNA and 
secA from each of the test cultivars) obtained in the normal 
nested PCR and multiplex PCR assays for 16S rRNA and 
secA genes were sequenced in both directions and were 
deposited in the GenBank. Since, all the 20 rose phyto-
plasma sequences from the two rose cultivars showed 
100% sequence identity among themselves for 16S rRNA 
gene and secA genes, only two sequences each of the two 
isolates each of rose cultivar ‘Deepak’ and ‘MS Randhawa’ 
were submitted to GenBank for 16S rRNA gene (Gen-
Bank Acc. Nos. MW309813 and MW309814) and secA 
gene (GenBank Acc. Nos. MW323441 and MW323442). 
BLAST and pair wise sequence comparison analysis of 
16S rRNA gene sequences of rose phytoplasma isolates 
obtained from the normal nested PCR and multiplex PCR 
assays (GenBank Acc. Nos. MW334949 and MW334950) 
showed 100% sequence identity among themselves and 
99.7% with ‘Candidatus Phytoplasma asteris’ related 
strains of Plumbago auriculata leaf yellowing (GenBank 
Acc. Nos. MN239504) and Echinacea purpurea aster 
yellows (GenBank Acc. Nos. MK992774). Similarly, the 
secA gene sequences of the two rose phytoplasma strains 
obtained from the normal nested PCR and multiplex PCR 
assays (GenBank Acc. Nos. MW362159 and MW362160) 
showed 100% sequence identity among themselves and 
shared 99.3% identity with other previously identified 

‘Candidatus Phytoplasma asteris’ related strains of sesame 
phyllody (GenBank Acc. Nos. MG761718) and periwinkle 
phyllody (GenBank Acc. Nos. KY689743). Phylogenetic 
analysis based on 16S rRNA gene and secA gene sequences 
of rose phytoplasma strains of the two representative cul-
tivars ‘Deepak’ and ‘MS Randhawa’ showed clustering 
with 16SrI phytoplasma group (Figs. 3, 4). Our results 
confirmed association of Ca. P. asteris strains in the symp-
tomatic rose cultivars based on sequence analysis of 16S 
rRNA and secA genes. This confirms the validity of mul-
tiplex PCR assay for authentic and reliable identification 
of phytoplasma strains associated with rose cultivars in 
the present study. Our results confirmed that the identity 
of phytoplasma strains associated with rose cultivars was 
same with amplified products achieved in normal and mul-
tiplex PCR assays. This also confirms the validity of the 
newly developed multiplex PCR assays utilizing both the 
16S rRNA and secA genes specific primers.

Erratic distribution and low titre of phytoplasma espe-
cially in infected woody plants like rose was reported and 
because of the presence of phenols and secondary metab-
olites which creates problem in the successful amplifica-
tion of phytoplasma DNA in the PCR reaction (Friar 2005; 
Manimekalai et al. 2016). Therefore, addition of 2% poly-
vinyl pyrrolidone to the CTAB buffer was suggested (Xu 
et al. 2004) which also provided better removal of polyphe-
nols in the DNA extraction protocol in rose samples in the 
present study and yielded better DNA quality. Direct PCR 
assays using P1/P7 or nested PCR assay using P1/P7 and 
R16F2n/R16R2 and/ P1/P7 and 3F/3R primer pairs failed 
to yield desired amplifications in any of the symptomatic 
rose samples in the present study. But a consistent desired 
target DNA amplifications of phytoplasmas was achieved 
using combination of other nested primer pairs P1/P7 and 
R16mF2/R16mR2 (~ 1.4 kb), nested PCR assays using P1/
P7, R16mF2/R16mR2 and R16F2n/R16R2 (~ 1.25 kb) and 
R16mF2/R16mR2 and fU5/rU3 (~ 880 bp).

The experiments were repeated three times with all the 
tested rose samples to validate the consistency of amplifica-
tion with different sets of nested primer pairs used and veri-
fied with similar results. Our results suggested that either of 
these nested primer pairs could be used for successful ampli-
fications of phytoplasmas associated with rose samples. Ear-
lier workers have also utilized different set of nested primer 
pairs (P1/P7 or R16mF2/R16mR1 with R16F2n/R16R2 and 
P1/P7 and fU5/rU3) for successful amplification of phyto-
plasmas associated with woody plant species with higher 
amount of phenols and secondary metabolites (Abou-Jawdah 
et al. 2002; Verdin et al. 2003). Our study suggests that the 
selection of specific primer pair for target gene amplification 
in identification of phytoplasma strain is very important and 
needs further standardization for the improvement in diag-
nosis of phytoplasma in different woody plant host samples.
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In the present study, a suitable and reliable multiplex 
PCR assay has been developed to amplify the phytoplasma 
associated with rose samples utilizing 16S rRNA and secA 
genes specific primer pairs. Multiplex PCR assay were 
also developed earlier to detect phytoplasma strains either 
belonging to two different phytoplasma groups or using 
different gene specific primers in a single PCR reaction 
(Clair et al. 2003; Reddy and Rao 2019; Gholami et al. 
2020). To save time and resources, multiplex PCR assays 
developed in the present study would have a great sig-
nificance in reliable diagnosis of rose phytoplasmas by 
amplifying both the 16S rRNA and secA genes in a single 

PCR reaction using multiset primer pairs. Multiplex PCR 
assay can also overcome the constraints of individual PCR 
assay and has the potential to produce accurate, reliable 
and sensitive results with less effort and resources.

The standardized PCR with different sets of primers and 
multiplex PCR assay protocol could have applied signifi-
cance for detecting phytoplasmas in rose and other woody 
plant tissue samples. Besides, similar multiplex PCR assay 
may be developed with other combinations of ribosomal 
and multilocus genes specific primers for finer group/sub-
group characterization of phytoplasma strains in rose and 
other woody plant hosts.

Fig. 3   Phylogenetic tree based 
on 16S rRNA gene sequences 
constructed by neighbor joining 
method showing the relation-
ships of the Rosa × hybrida 
phytoplasma isolates ‘Deepak’ 
and ‘MS Randhawa’ with other 
phytoplasma isolates

Fig. 4   Phylogenetic tree based 
on secA gene sequences con-
structed by neighbor joining 
method showing the relation-
ships of the Rosa × hybrida 
phytoplasma isolates ‘Deepak’ 
and ‘MS Randhawa’ with other 
phytoplasma isolates
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