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Abstract  
 
Loop-mediated isothermal amplification (LAMP) is an isothermal amplification technique that can be undertaken with minimal 
equipment to obtain amplification of target DNA within 30 minutes. A range of assays for specific 16Sr phytoplasma groups, 
which when combined with rapid DNA extraction techniques can result in detection of the phytoplasma in plant material within 1 
hour of sampling was developed. A range of alternative methods are available for detection of the amplification product including 
incorporation of hydroxyl napthol blue into the reagent mix, agarose gel electrophoresis and real-time detection systems. The ad-
vantage of the real-time method is that tubes do not have to be opened, minimising the risk of contamination of samples.  
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Introduction 
 
Numerous techniques have been developed for phyto-
plasma diagnostics, in particular the use of PCR-based 
methods. These may either be generic, with the use of 
RFLP analysis or sequencing to assign the phytoplasma 
to a 16Sr group, or they may involve the use of group-
specific primers (Smart et al., 1996; Firrao et al., 
2005). However, it is also important to guard against 
false negatives during such detection by building an 
internal control into the diagnostic test to confirm that a 
negative result is due to a lack of phytoplasmas and not 
PCR inhibition. More recently, real-time PCR assays 
have also been developed for both generic and specific 
phytoplasma detection, and these assays have the ad-
vantage of being more easily automated and less labour 
intensive than conventional PCR, such that appropriate 
controls can be conducted more easily (Christensen et 
al., 2004; Hodgetts et al., 2009; Hren et al., 2007). 

However, these assays are also relatively slow com-
pared to Loop-Mediated Isothermal Amplification 
(LAMP) assays, and require bulky equipment such that 
they generally have to be conducted in laboratories. 
Our goal has been to develop a more rapid diagnostic 
assay for phytoplasmas that can be used to produce a 
diagnosis within an hour of sampling in the field. 
Whilst techniques such as lateral flow devices have 
been used to achieve this for some viral plants diseases, 
antibody-based techniques have had limited success for 
phytoplasma diagnostics because of a lack of sensitiv-
ity. We have therefore been developing the use of 
LAMP which, when combined with rapid DNA extrac-
tion techniques, has the potential to provide rapid in-
field analyses. Here we report some of the specific tests 
that we have developed to date along with a protocol 
that we are piloting for rapid in-field diagnostics of 
phytoplasmas. 

Materials and methods 
 
Plant material (healthy and infected) for testing the DNA 
extraction techniques and LAMP assays were obtained 
from the University of Nottingham and the Food and 
Environment Research Agency phytoplasma collections, 
along with samples of coconut trunk borings from Ghana 
(kindly provided by J. Nipah), and papaya and wild grass 
plant material from Ethiopia (kindly provided by B. Be-
kele). Two methods were used for DNA extraction; an 
LFD extraction method (Tomlinson et al., 2010) and an 
alkaline polyethylene glycol DNA extraction method 
(Chomczynski and Rymaszewski 2006). Primers for the 
LAMP assays were designed as described in Tomlinson 
et al. (2010) and Bekele et al. (2011) based on the 16S-
23S intergenic spacer region, and LAMP reactions and 
detection methods were as previously described (Tom-
linson et al.,2010; Bekele et al., 2011). In addition, cox 
gene primers were used to confirm that all DNA extrac-
tions supported LAMP (Bekele et al., 2011). 
 
 
Results 
 
Primers for LAMP assays were designed against a range 
of ribosomal groups (16SrI, 16SrII, 16SrIII, 16SrV, 
16SrXI, 16SrXII and 16SrXXII) and these primer se-
quences are listed in previous papers and/or are avail-
able from the authors. The different primer sets were 
tested on a range of DNA strains from our collection, 
and with the exception of the 16SrXI assay, the primers 
were group specific i.e. they only amplified DNA sam-
ples from the group they were designed to detect. The 
16SrXI primers were different in that they also detected 
16SrXIV isolates, but did not detect sugarcane 
whiteleaf/grassy shoot or rice yellow dwarf samples, 
even though these are also designated as 16SrXI group 

Phytoplasma detection and characterization I



 

 S42

 
 

Figure 1. Real-time LAMP profile for seven infected 
plant material samples and a negative (water) control. 
The top panel used the 16SrXXII group-specific prim-
ers and the bottom panel used the cox gene primers. 
Amplification can be detected as the increase in fluo-
rescence at 12-20 minutes.  
(In colour at www.bulletinofinsectology.org) 

 
 
phytoplasmas. Figure 1 shows the typical results of a 
LAMP assay using the real-time detection system de-
veloped by OptiGene (Horsham, UK), in which seven 
samples plus a negative (water) control have been tested 
with the 16SrXXII group phytoplasmas (upper panel) 
and the same samples tested with the cox gene primers 
(lower panel). The results show that all seven plant 
samples were amplified within 20 minutes by the plant 
primers but only the positive control sample was ampli-
fied with the 16SrXXII primers. 

To compare the DNA extraction methods, samples of 
periwinkle (Catharanthus roseus) leaves, papaya and wild 
grass leaves and coconut trunk borings were tested using 
the LFD-based method and the alkaline PEG method. Both 
methods reliably produced DNA able to support LAMP, 
though the DNA from the PEG method started to show 
reduced reliability after storage for more than a week, 
whilst the LFD DNA was stable for many months. 
 
 
Discussion 
 
We have developed a protocol for LAMP-based diag-
nostics for a range of phytoplasmas that can be con-
ducted in the field and used to provide a diagnosis 
within 1-hour of DNA extraction. The simplest method 
of DNA extraction is to use the alkaline-PEG method, 
which involves gently macerating a small amount of 
plant tissue in the buffer and then using this in the 
LAMP reaction. The disadvantage of this method is that 
the DNA cannot be stored reliably long-term, but it is 
quicker and requires less equipment than the LFD-based 
method, reducing the likelihood of sample contamina-
tion. Having isolated the DNA, the LAMP reactions 
take only a few minutes to set-up, particularly when 
field stable lyophilised reagents are used.  

Currently we are using the Genie II real-time LAMP 
reader (Optisense), which is portable and battery oper-
ated, enabling amplification within 30 minutes and a 
visual display of results. Whilst removing the need to 
open tubes following amplification, it does not integrate 
DNA extraction. The VITISENS project seeks to de-
velop a hand held device capable of performing extrac-
tion, set-up and real-time detection for grapevine phyto-
plasmas. The device will make a single step homogene-
ous system from sampling to results, further reducing 
the risk of sample-to-sample contamination and ena-
bling testing by non-specialists in the field. 
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