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Abstract: Detection of plant pathogens plays a vital role to
implement proper management strategies. PCR have played
crucial role in detection of several plant pathogen and also
helps in to identify the putative pathogen at molecular level.
Beside this, implementation of LAMP based detection
methods also have helped to overcome the problems
associated with PCR based methods. Implementation of
PCR and LAMP based detection kit for diagnosis of dieback
causing pathogen in tea ecosystem will provide better and
proper management strategies to manage this biotic stress at
the tea growing regions.
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Introduction

Dieback disease caused by Fusarium spp. in tea is one
of the major challenges among the biotic stresses as this
pathogen can alone causes 20-60% yield losses. The pathogen
initially attacks the plucking shoots and later it progresses
downwards and causes complete crop loss under favourable
conditions (Das et al., 2025). Based on detection and
identification of the causal agent for dieback pathogen,
recent studies revealed that this disease is favoured by
Fusarium species complex. Molecular based identification and
analysis have revealed the association of four species of
Fusarium i.e. F. concentricum, F. fujikuroi, F. solani and F.
oxysporum. Among these, F. concentricum was found to be
dominant and virulent species causing dieback disease in the
tea ecosystem of Assam and North Bengal (Pandey et al.,
2024). Therefore, to enable the precise identification of the
pathogen at the molecular level, use of Polymerase Chain
Reaction (PCR) and Loop-mediated isothermal amplification
(LAMP) based detection will play a crucial role in
identification of the pathogen over traditional morphological
methods (Vazquez-Rosas-Landa et al., 2021). This article
highlights the different steps involves for the development of

diagnostic kit for Fusarium pathogen causing dieback disease
in tea by PCR and LAMP techniques.

PCR based detection of Fusarium spp.

For proper identification of the pathogen causing
dieback in tea ecosystem, PCR based technique is rapid and
more reliable. In PCR based detection of this pathogen,
primers like ITS1, ITS4, ITS-FuAf, ITS-Fur etc. are mainly
used (Sarkar, 2025). Tang et al. (2024) identified four species
of Fusarium viz. F.concentricum, F. solani, F. fujikuroi, F.
oxysporum where they have mainly used ITS, tef-1 a, tub2, and

tpb2 sequences in PCR amplification. In another study
conducted by Liu et al. (2026) studied the molecular
characteristics of Fusarium solani species complex which
causes dieback disease in tea. For this, ITS, teflalpha, beta-
tubulin, RPB1, RPB2 and CALS5 gene regions were amplified
and PCR products were then amplified for its identification.
For the development of PCR based diagnostic kit for the
detection of dieback pathogen involves several sequential and
laboratory experiments for its final validation. Initially, the
diseases infested samples showing prominent symptom of
dieback will be collected from the tea growing areas and then
isolation of the pathogen will be conducted by performing
standard protocol (Das et al., 2025). After the isolation of
pathogens, the cultural plates will be incubated at 25-27 °C
until the full hyphal emergence occurs. Fresh culture (7 days
old culture) of the isolates will be used for the DNA
extraction. The genomic DNA can be extracted by using 2%
cetyltri-methylammonium bromide (CTAB) methods. Then
the PCR amplification can be performed by using
aforementioned primers. After that, all the primer products
will be subjected for electrophoresis in 2% agarose gel and
then it can be purified by using gel extraction kit (GenElute™
Gel extraction kit, HiPurA® Quick Gel Purification Kit).
The DNA sequences of primers (ITS, tub2, tef-1a, tub2, and
rpb2) then used in the phylogenetic analysis. The closest
matches then identified by BLAST (Basic Local Alignment
Search Tool) searches in NCBI (National Centre for
Biotechnology Information) databases. For the detection and
identification of the pathogen causing dieback disease in
team selection of targeted gene region and primer designs
plays a crucial role. Proper primer designing and target region
selection will further help in amplification of the targeted
DNA without amplifying the non-targeted DNA from the
other microbes and plant sources (Costa et al., 2017).

Steps involves in development of PCR based detection kit

1. Collection, isolation and identification of the
putative pathogen causing dieback in tea: Dieback
infested tea samples will be collected from the tea
ecosystem and then isolation of the pathogen will be
done from the infested leaf, stem, root sections. The
pathogen can also isolate from the soil samples
collected from the tea plantation areas showing
prominent symptom of dieback. After the isolation
of the putative pathogen, characterisation can be
done based on cultural and microscopic
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characteristics. The data obtained from these
characterisations can be correlated with the
published literatures for its identification up to
genus level.

Extraction of genomic DNA: The extraction of
genomic DNA can be performed by using CTAB
method or by using commercial fungal DNA
extraction kits. The quality and quantity assessment
of the extracted DNA can be done by using gel
electrophoresis, nanodrop or by spectrophotometric
analysis (Brandfass et al., 2008; JiménezFernandez et

al., 2010).

Selection of target gene region: The unique region
specific to Fusarium spp. causing dieback in tea is
mainly selected for its PCR amplification. For this,
some selected primers are commonly used such as
Internal Transcribed Spacer (ITS), PB-tubulin,
elongation factor-1 alpha etc. These regions are
manly used for species specific identification of

Fusarium spp. (Xu et al., 2022; Teng et al., 2024)

Primer designing: The primers that are species
specific to Fusarium sp. are designed by using the
sequence from databases like NCBI. Several
bioinformatic tools are used for the design of a
particular primer that specifically amplify the
targeted Fusarium spp. causing dieback disease in tea.
To develop molecular diagnostic tool for Fusarium,
Suga et al. (2013) developed PCR primers by
identifying the portions of transposable elements
(TEs) in the Fusarium spp. Specialized methods like
Transposon Display (TD), inter-retrotransposon
Amplified Polymorphism (IRAP) and Sequence-
Specific Amplification Polymorphism (SSAP) are
used for designing primers to match the ends of TEs
to amplify the regions. For the identification of
primers, bioinformatic tools like R] primers are used
for genome scanning for its sequences related to TE
insertion junction by using BLASTN searches
databases (Castanera et al., 2016; Dufresne et al.,
2011).

Optimization and validation of PCR components:
To obtain clear and reproducible amplification of
the PCR product parameters such as primer
concentration, MgCI2 concentration, temperature
for annealing and numbers of cycle required are
adjusted. This ensures high sensitivity and specificity
of the pathogen detection. During validation of the
primer, the selected primer should amplify the
targeted DNA from the Fusarium spp. causing

dieback in tea. Mishra et al. (2003) have studied the
PCR based assay for rapid and reliable identification
of pathogenic Fusaria. They have highlighted that,
use of fluorescent dyes in place of ethidium bromide
(EtBr) can reduce the chance of exposure to
carcinogenic substances. Lacmanova et al. (2009)
also have highlighted the primers and other PCR
products required for identification of toxicogenic
Fusarium spp.

6. Sensitivity testing for detection of PCR limit: To
determine the minimum concentration required for
detection of Fusarium spp. under PCR, serial
dilution method is followed. This method helps to
know at what minimum concentration of DNA,
detection of Fusarium spp. can be performed. Jurado
et al. (2005) have conducted an experiment where
different dilution of DNA (90 ng to 170 fg) were
prepared and tested for its sensitivity in PCR.

7. Detection from infected plant tissues: The DNA
extracted from the infected plant tissue or tea twigs
can be used for detection of the pathogen. PCR is
mainly performed by using the developed primers
that can confirm the pathogen’s presence in the
dieback infested tea samples. Moricca et al. (1998)
conducted the detection of Fusarium spp. in cotton
plant by employing PCR. They have highlighted
that, detection based on PCR found to be accurate
and more sensitive and which not only helps in
diagnosis but also helps in disease monitoring and
forecasting.

8. Development of diagnostic kit and its field
validation and standardization: After the validation
of the PCR components and its concentration
required for detection of Fusarium, a diagnostic kit
can be assembled. Then the kit can be used for its
evaluation at the filed level. For further validation,
the detection ability of this kit can be standardised
at different tea growing ecosystem situated at
different agro-ecological conditions. Later on, the kit
protocol can be documented for the purpose of rapid
detection of Fusarium infestation at the tea gardens.

LAMP mediated detection of Fusarium
Loop Mediated Isothermal Amplification (LAMP)

has emerges one of the most efficient tools for the detection
of plant pathogens which has overcome the limitations of
traditional PCR methods. This works on constant
temperature unlike PCR which relies on the varying
temperature inside the thermocycler for DNA amplification.
Beside this, LAMP is typically more robust, specific and
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sensitive than PCR. In recent days commercially, available
LAMP based diagnostic kits are there and some of them are
already has been officially recommended for diagnosis of
certain plant diseases (Németh and Kovacs et al., 2025). The
PCR mainly detects the DNA with in 2-3 hours sometimes a
day at femtogram level which is ideal for lab confirmation of
detection of the pathogen. Whereas, LAMP can amplify
DNA in 30-60 minutes isothermally (60-65°C) and also
provides visual readouts via colour change detection methods
(Dong et al., 2025). Ghosh et al. (2015) has developed LAMP
assay for rapid detection of F. oxysporum f.sp. ciceris which
causes wilt in chickpea. By using this, they have targeted the
elongation factor 1 alpha gene sequence for the visualization
of the pathogen for its detection. In another study by Gupta
et al. (2020) has developed LAMP based detection of F.
graminearum which causes head blight of wheat. During this
investigation they have standardised the concentration of
outer and inner primers, Mg*" and the reaction temperature
required for detection of this pathogen via LAMP assay. This
assay also highlighted the sensitivity speed and specificity
where it can detect less than 100 fg of DNA per reaction
within 60 min. Jiang et al. (2021) have initially designed the
primers for LAMP by using Primer Explorer V5 software
afterwards they have standardised the optimized the
conditions and reactions required for LAMP assay for the
detection of F. fujikuroi causing bakanae disease in rice
seedlings. Beside the detection abilities, LAMP also plays a
vital role in distinguishing pathogens at the species level.
Deng et al. (2022) have conducted LAMP assay for
distinguishing F. in Lotus

oxysporum and F. commune

rhizomes. This helps in rapid identification of pathogens
causing disease at different species level and thus facilitate
efficient pesticide use for the management of the disease.

Genomic DNA isolation
from infected plant parts

Isolation of the
pathogen

Collection of dieback
infested samples

Genomic DNA isolation
from pathogen

Assembly of PCR
diagnostic kit and filed
validation

Fig 1: Steps involved in detection of Fusarium causing
dieback disease in tea by PCR detection kit

The LAMP assay generally comprises components
like templet DNA which is obtained from the fungal
pathogens and requires four primers viz. forward inner
primers (FIP), backward inner primer (BIP), forward outer
primer (F3) and backward outer primer (B3), Bst DNA
polymerase, dNTPs and reaction buffer and ions like Mg”".
The LAMP generally works based on the auto-cycling strand
displacement of DNA synthesis which is carried out by using
Bst polymerase enzyme which has been obtained from
Geobacillus stearothermophilus. The LAMP primers initiate the
amplification process and then creates a loop like structure
that allows continuous DNA amplification. During this
process, the inner primers (FIP and BIP) initiate the synthesis
of DNA with the help of the enzyme Bst polymerase which
can produce the complementary DNA strand. Then the
outer primers (F3 and B3) displaces the newly synthesized
DNA strand which results in formation of loop like structure
at both ends of the DNA. This loop structures then serve as
templet for continuous amplification. This amplification
results in exponential yield of DNA within 30-60 minutes at
constant temperature. Then the amplified DNA can be
detected by using dyes like hydroxynapthol blue or SYBR
green dye (by colorimetric method), agarose gel
electrophoresis methods or by measuring the turbidity by
using magnesium polyphosphate methods (Silva et al., 2020).

e‘-s‘rw‘c')%

Sample collection

of LAMP mi

Preparation
(isothermal buffer, Mg
Bst polymera

DNA ~ LAMP mixture at 65°C in water
bath for 60 min then inactivation of
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Fig 2: Steps involved in detection of Fusarium causing
dieback disease in tea by LAMP assay

Conclusion: By implementing proper standardisation and
validation technique for the development of PCR and LAMP
based detection kit will helps to identify and monitor the
presence of pathogen causing dieback disease in tea
ecosystem. This detection kit will help to implement better
management strategies to curb this disease and thus it will
promote sustainable agriculture.
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