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Plants and their environment are geared to a generalized within natural ecosystems, where 

plants interact with their environment through diverse mechanisms, including plant-ecosystem 

dynamics, macro- and micro-species interactions, symbiosis, and allelopathy. 

 These ecosystems face threats from a vast array of pests, including approximately 10,000 insect 

species, 1,800 weed species, 1,500 plant disease species, 1,500 plant virus species, and various 

rodent species, all of which impact plant health. Through long-term natural selection, these 

heterotrophic organisms, which obtain nutrients and reproduce by harming plants, achieve a 

dynamic equilibrium. 

To counter these threats, plant protection practices have evolved through three distinct phases: 

an initial stage based on natural farming, followed by a period dominated by pesticide use, and 

finally, the current integrated approach. This integrated strategy incorporates agricultural, 

physical, biological, and chemical methods, alongside plant quarantine and integrated pest 

management (IPM) techniques, aiming to provide comprehensive plant protection (Zheng & 

Xu, 2023). 

Algeria's agricultural landscape heavily relies on vegetable crops, which dominate 70% of its 

cultivable land. The favorable climate and soil conditions of the Sahel and coastal regions have 

led to widespread plasticulture, unfortunately also creating an environment conducive to the 

proliferation of diverse diseases and pests. (Sabri et al., 2022) 

In Algeria, little is known about the specific plant protection practices employed by farmers. 

However, studies indicate that pesticide use is prevalent, with a significant majority (86%) of 

farmers relying on regular pesticide applications for crop protection. A smaller proportion 

(14%) resort to pesticides only occasionally, typically in response to severe infestations by bio-

aggressors(Bachouche et al., 2024) 

This highlights the need for a balanced approach, integrating time-honored strategic methods 

with innovative, contemporary plant protection techniques, to mitigate the risks associated with 

intensive cultivation practices and ensure sustainable agricultural productivity. 

Recent advances in pesticide application technology involve plant protection UAVs, intelligent 

sprayers, and spraying robots. Additionally, techniques like metagenomics and metabarcoding 

are culture-independent methodologies that offer detailed descriptions of the composition, 

abundance, and structure of thousands of genomes within a community. Metabarcoding 

amplifies known gene regions such as 16S, ITS, or 18S, which are highly variable in length and 
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GC nucleotide content. Metagenomics involves sequencing all the DNA in a sample to provide 

a comprehensive view, both techniques can be used to detect plant pathogen evolution. 

(Adeleke et al., 2022) 

Other methods include customized cultivation of resistant plants using genetic variations and 

transgenic or gene-editing methodologies. Furthermore, seed enhancement technologies like 

pesticide seed dressing, coating, and priming enhance seeds and seedlings against early-season 

pest(Zheng & Xu, 2023) 

High throughput sequencing (HTS) has revolutionized virus detection and discovery by 

allowing for the untargeted characterization of whole viromes. HTS methods have been 

developed to look for virus-like sequences without the bias of only detecting known viruses. It 

allows a generic approach to virus identification and can deliver species, or even strain-specific 

results. (Olmos et al., 2018) 

HTS has multiple applications in plant virus diagnostics, such as identifying causes of viral 

diseases in economically important crops, screening for specific viruses when their presence is 

suspected, detecting asymptomatic or cryptic viruses, and discovering novel viruses. HTS 

offers advantages over traditional methods like ELISA or PCR, which target only a few viral 

species and require prior knowledge of the virus (Hasiów-Jaroszewska, Boezen, & Zwart, 2021) 

E. canadensis is an invasive weed, which can also act as a feeding source of several different 

insects. Consequently, if infected the viruses can easily transmitted to the neighboring crops, 

but at the moment we don’t know which viruses can infect this weed? 

Our work objectives consist of:  

Utilization of HTS to sequence and analyze viral genetic material from environmental samples 

of E. canadensis, allowing for the comprehensive characterization of viral communities 

Employment of advanced bioinformatics tools to process and analyze HTS data, identifying 

known and novel viruses present in this plant species. 

Characterization of the identified viruses in terms of their genetic diversity, structure, and 

potential impact on plant health.
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1. The importance of weed management 

Over the past century, the global population has quadrupled, rising from 1.8 billion people 

in 1915 to a milestone of 8 billion people as of November 15th, 2022, according to the most 

recent estimate by the UN. Projections suggest that the global population is expected to reach 

around 9.7 billion by 2050(Jiménez-Arias, Morales-Sierra, Borges, Herrera, & Luis, 2022).The 

agriculture sector must prioritize higher yields and increased food grain production. As the 

world's population continues to grow, per capita arable land decreases, underscoring the need 

to enhance food production efficiency both in terms of time and space to guarantee food and 

nutritional security. (Laxman Navi, 2024) 

Weeds are defined as unwanted plants that compete with crops for essential resources such as 

nutrients, light, and water. Their presence can lead to substantial yield losses across various 

crops. Not only do weeds compete directly with crops, but they can also serve as hosts for pests 

and pathogens, exacerbating the challenges faced by farmers in maintaining crop health and 

maximizing yield potential (Balas, Pargi, Lakhani, Mehta, & Bambhaniya, 2023) 

The significance of effective weed management cannot be understated. A robust weed control 

strategy can significantly enhance crop yield; for example, timely hand weeding is reported to 

improve yields by up to 70% compared to non-weeded plots(Saqib et al., 2015) .Furthermore, 

the competitive advantage that crops hold over weeds can be crucial for achieving the necessary 

output levels to safeguard against food insecurity as the population expands. It is estimated that 

unchecked weed growth could lead to substantial crop yield losses globally, underscoring the 

importance of implementing comprehensive weed management plans (Farooq, Flower, Jabran, 

Wahid, & Siddique, 2011). 

2. Weed management strategies 

To Achieving this goal different strategies can be used 
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2.1 Strategies for Conservation Agriculture (CA)conservation agriculture is 

basically a sustainable farming system defined as “a methodology for resource 

saving agricultural crop production, emphasizing on enhancement of natural and 

biological processes above and below ground”(FAO, 2019).This context define the 

frame of the management methods what can be used.  According to (Laxman 

Navi, 2024)the possibilities are the following: 

❖ Preventive Weed Management involves using weed-free crop seeds and ensuring that 

machinery, irrigation water (through screens), and livestock do not transfer weed seeds 

between areas. 

❖ Cultural Practices include techniques such as maintaining ground cover through 

mulch, using competitive crop varieties, managing crop residues, applying cover crops, 

intercropping, sequential cropping, and utilizing allelopathy. Proper management of 

water and nutrients is also essential. 

❖ Chemical Weed Management refers to the application of herbicides to control weed 

populations. 

❖ Integrated Weed Management (IWM) combines multiple strategies, including 

cultural, preventive, and chemical methods, to effectively manage weeds. 

❖ Robotic Weed Control employs technologies like machine vision, artificial 

intelligence (AI), and precision application equipment to detect and eliminate weeds 

efficiently(Gerhards et al., 2022) 

2.2 Nonconventional Weed Management Strategies for Modern 

Agriculture 

(Bajwa, Mahajan, & Chauhan, 2015)mentioned that to combat evolving weed challenges 

exacerbated by intensive agriculture and climate change, a shift towards sustainable weed 

management is crucial. They emphasis on potential nonconventional strategies, including 

improvements in tillage regimes, harvest weed seed control, seed predation, allelopathy, 

biotechnological advancements (like herbicide-tolerant crops), and thermal techniques. These 

approaches aim to mitigate herbicide resistance, environmental pollution, and biodiversity 

decline, offering a path towards more effective and ecologically sound weed management. 

2.3 New Strategies and Technologies in Weed Management  

Contemporary weed management is evolving towards precision agriculture, traditional 

methods while still relevant, are being augmented by emerging technologies like, utilizing GPS 
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and remote sensing for site-specific interventions, and genomic approaches, which aim to 

develop weed or herbicide-resistant crops. Robotic weed control, employing machine vision 

and AI, enables targeted weed removal, minimizing chemical use. These technologies, while 

promising, require addressing challenges like cost and complexity for widespread adoption. 

Integrated weed management, combining these advanced tools with traditional methods, offers 

a sustainable path forward. (Shaikh, Rasool, & Lone, 2022) 

3. Weeds as virus Reservoirs  

Weeds are reservoirs of plant viruses, playing a crucial role in viral epidemiology by 

potentially spreading viruses to cultivated plants and leading to epidemics. (Hasiów-

Jaroszewska et al., 2021) 

Weeds act as reservoirs for plant viruses, harboring pathogens that can infect crops and reduce 

yield quality (Byron, Treadwell, & Dittmar, 2019). These viruses can spread through insect 

vectors, making weed management crucial for preventing crop diseases. Identifying and 

removing weeds that host viruses can help mitigate economic losses in agriculture. 

Understanding the diversity of viruses in weeds is essential for developing effective 

management strategies. (Kusumavathi et al., 2025) 

To understand virus diversity in wild plants to gain insights into long-term coexistence between 

hosts and viruses and to evaluate disease Weeds constitute potential reservoirs for viruses that 

may spread into cultivated plants, leading to epidemics or the emergence of novel viruses. This 

"crossover" is influenced by factors such as agricultural practices, international trade, and 

human-induced changes in plant biodiversity. emergence risk suitable metagenomic approaches 

are needed. Knowledge of virus diversity, prevalence, and dynamics in wild plant populations 

is relevant to understanding virus epidemiology and emergence in crops. 

4. E. canadensis  

E. canadensis, also known as horseweed, is an annual Plant, Its taxonomic classification 

places it in the Kingdom Plantae, Family Asteraceae, and Genus Erigeron/Conyza. This species 

is widely distributed across various regions, including Asia, North America, and Europe, 

thriving in disturbed habitats and agricultural fields (Figure01). 
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Figure 01: E. canadensis  (Flora, 2018) 

4.1 Biology and Ecology of E. canadensis  

E. canadensis, is an annual plant, exhibits fluctuating population dynamics driven by seed 

input, germination, and survival. High seed input, dispersed by wind, can range from 12,500 

seeds m-2 near the seed source to 126 seeds m-2 further away. Germination primarily occurs 

in spring and autumn, triggered by rainfall and moisture. Optimal temperatures range from 18 

to 23°. In Europe, E. canadensis typically flowers from May to September and Seedling 

survival rates are generally high but winter mortality, mainly due to frost-heaving, significantly 

reduces rosette numbers. Winter survival is closely correlated with rosette size, with smaller 

rosettes experiencing higher mortality. Surviving rosettes bolt in spring, and flower and seed 

production are positively correlated with plant height, though reproductive effort decreases with 

increasing height. At maturity, seed production is proportional to plant height, but reproductive 

effort is inversely related to plant height. Despite high winter mortality, the abundant seed 

production of survivors ensures the continuation of the E. canadensis population. These 

dynamics highlight the adaptive strategy of E. canadensis as a colonizing species in disturbed 

areas (Regehr & Bazzaz, 1979) 

E. canadensis exhibits high genetic diversity by analyzing 312 individuals in both its native 

(USA) and invasive (China) ranges, suggesting multiple introductions and a lack of significant 

genetic bottlenecks during invasion.  Despite being a self-pollinating species, evidence of 

admixture points to a higher-than-expected outcrossing rate, potentially contributing to its 

adaptability.  Analysis of population structure reveals distinct genetic clusters corresponding to 
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native and invasive regions, with further subdivision within the invasive range, likely shaped 

by historical population structure and subsequent gene flow.  These findings highlight the 

complex interplay of factors, including multiple introductions, admixture, and gene flow, that 

have contributed to the successful invasion of E. canadensis in Eastern China. (Bhattacharya et 

al., 2022) 

4.2 Distribution and habitat 

E. canadensis, thrives in disturbed habitats and is frequently found in agricultural fields and 

their margins. This species typically germinates in the summer and autumn, overwinters as a 

rosette, and bolts in the spring. It is characterized by its high seed production and wind-

dispersed seeds, which contribute to its widespread distribution. E. canadensis can survive cold 

climates and tolerate brackish water, making it highly adaptable to various environments. Its 

invasiveness can lead to local extirpations of native plant species and changes in lake 

ecosystems, affecting both abiotic and biotic conditions. (Bhattacharya et al., 2022)and 

(Garibaldi et al., 2011). 

4.3 Nutritional Values and uses of E. canadensis 

Erigeron species, including E. Canadensis, have been found to possess diverse 

phytochemistry, pharmacological activities, and traditional uses. Phytochemical studies of E. 

Canadensis reveal the presence of saponins, diterpenoids, terpenoids, glycosides, tannins, 

anthraquinones, steroids, and flavonoids. These compounds contribute to a range of 

pharmacological activities, including antimicrobial, antioxidant, anti-inflammatory, and 

anticancer effects (Sharma, Verma, Jha, Singh, & Kumar, 2014). Traditionally, E. Canadensis 

species have been used for various medicinal purposes, such as treating wounds, pain, 

inflammation, fever, and microbial infections. E. canadensis has been specifically used as a 

tonic for diarrhea, diabetes, and hemorrhages, as well as for treating urinary and respiratory 

infections. The plant has also been employed in traditional medicine to address granuloma 

annulare, sore throats, and for medicinal baths. These uses align with the observed 

pharmacological properties, highlighting the potential of Erigeron species as a source of 

medicinal agents (Al-Snafi, 2017) 

5. Plant viruses 

Plant pathogens, are a diverse group of microorganisms, induce a variety of diseases in 

plants, leading to substantial economic losses in agricultural sectors (Sun, Xiao, & Xue, 2023). 

Following fungi, viruses are recognized as the second most common type of plant pathogen. 
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These minute parasites, are composed of nucleic acid, either RNA or DNA, encapsulated within 

a protein coat (Kovalskaya & Hammond, 2014; Manjunatha et al., 2022), and (Tang et al., 

2023). Characteristically, viruses are measured in nanometers and upon infecting plants, they 

can cause a spectrum of diseases and significant crop damage. 

5.1 viral genome reproduction, transmission strategies 

Viruses depend on host cells for replication, exploiting cellular machinery for genome 

replication and expression (Tennant, Fermin, & Foster, 2018).Viral genomes, which include 

dsDNA, ssDNA, dsRNA, or ssRNA, function as mRNAs or templates. RNA viruses employ 

unique pathways such as RNA-dependent RNA synthesis or reverse transcription. Regulation 

involves trans-acting proteins and structural elements. DNA viruses utilize host or viral 

enzymes for mRNA transcription and DNA replication, employing mechanisms like rolling 

circle and bidirectional replication. Transmission is achieved through generating abundant 

genome copies, packaging them into virions, and infecting new hosts (Figure02). 

 

Figure02: Summary of replication and transcription modes of different classes of viruses. 

DdDp, DNA-dependent DNA polymerase; DdRp, DNA-dependent RNA polymerase; RdRP, 

RNA- dependent RNA polymerase; RT, reverse transcriptase. The ssRNA (+) can serve as the 

template for translation and does not undergo any modification prior to translation (Tennant et 

al., 2018). 

5.2 Host-pathogen interaction investigation 

Pathogens must interact with the host genome to survive and propagate, a process that 

involves several critical steps during pathogenesis. Initially, the pathogen adheres to the host 

cell surface, often using specific receptors to facilitate entry. Once inside, the pathogen evades 
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the host's immune response by various mechanisms, such as altering its surface proteins or 

secreting factors that inhibit immune signaling(Ponce-Cusi, Bravo, Paez, Pinto, & Pilco-

Ferreto, 2024). The pathogen then manipulates the host cell's machinery to replicate its genetic 

material, often integrating its genome into the host's DNA. This integration can disrupt normal 

cellular functions and promote the production of viral proteins necessary for the pathogen's 

survival and spread (Team, 2025). Finally, the pathogen exits the host cell, often causing cell 

damage or death, and spreads to new cells or hosts, continuing the cycle of infection (Ponce-

Cusi et al., 2024) 

5.3 Description about biotechnology methods used to set resistance against 

viruses 

Metagenomic methods, unlike traditional methods (ELISA, PCR), use high-throughput 

sequencing (HTS) for untargeted virus detection revolutionizing plant virology by enabling the 

untargeted characterization of whole viromes and revealing the vast diversity of viruses, 

particularly in wild plants (Kyrychenko, Shcherbatenko, & Kovalenko, 2021) 

Metagenomic approaches could base on different starting materials for the High-throughput 

sequencing total RNA or DNA, virus-like particles (VLPs), double-stranded RNAs (dsRNAs), 

and small interfering viral RNAs could also serve as a starting point of the HTS and are essential 

tools for identifying novel viruses and characterizing their ecological roles. 

Metagenomic methods could be based on: 

•Total RNA or DNA sequencing: identifying viral sequences from symptomatic and 

asymptomatic plants. 

•Virus-like particles (VLPs) analysis: differential centrifugation to obtain a VLP fraction, 

followed by nucleic acid isolation, amplification, sequencing, and bioinformatic analysis. 

•Double-stranded RNAs (dsRNAs) analysis: dsRNAs are often formed by RNA viruses as a 

viral genome or replicative form. 

•Small interfering RNAs (microRNAs) sequencing: specific double-stranded RNA 

molecules that regulate mRNA translation and are synthesized in response to RNA/DNA 

viruses 

5.4 Viral Diseases Affecting E. canadensis 

E. canadensis is vulnerable to a range of viral and mycoplasma diseases, impacting its health 

and reproductive success. Notably, tomato viruses have been identified in infected plants in 

mixed infections of tomato spotted wilt virus (TSWV) and Impatiens necrotic spot virus (INSV) 

have been observed in weeds near tobacco fields, causing symptoms like stunted growth, 



Literature review 

16 
 

chlorosis, and necrosis(Grbelja, Erić, & Jeknić, 1988).Additionally, E. canadensis is 

susceptible to aster yellows, a mycoplasma disease transmitted by the aster leafhopper, 

Macrosteles fascifrons (Regehr & Bazzaz, 1979).The geographical spread of aster yellows is 

influenced by summer wind patterns, with southerly winds and cool, damp weather favoring 

vector transport and disease development. Symptoms include chlorotic branches, stunted 

growth, and necrosis, with early or severe infections potentially causing plant death before 

flowering, and later infections leading to shoot apex necrosis. The severity of aster yellows is 

visually classified, and it significantly reduces seed production, directly affecting the plant's 

reproductive capacity. Effective management of these diseases involves monitoring and 

controlling vector populations, practicing crop rotation, and removing infected plants to limit 

viral and mycoplasma spread.(Timilsina et al., 2020),(Grbelja et al., 1988)and(Martínez-Ochoa, 

Langston, Mullis, & Flanders, 2003), Table 01 below group different viruses that host E. 

canadensis  

Table01: Viruses Found in E. canadensis Based on NCBI Records 

 

6. Virus Diagnostics Methods 

Accurate and timely virus diagnostics are critical for effective disease control and agricultural 

productivity. Plant virus detection relies on both conventional and innovative methods 

6.1 Standard diagnostic methods 

Traditional standard methods, used for virus diagnostics are enzyme-linked immunosorbent 

assay (ELISA), DNA amplification-based assays like PCR and Reverse transcription (RT-PCR. 

Their reliability and accuracy are different and they could detect the presence or absence of a 

particular pathogen. 



Literature review 

17 
 

6.1.1 Detection by ELISA (enzyme-linked immuno-sorbent assay) 

ELISA is a convenient and sensitive serological method used to detect and quantify viral 

agents in plant tissues. It relies on the specific interaction between antibodies and viral proteins, 

mainly the capsid protein. Several types of ELISA exist, including direct, indirect, sandwich, 

and competitive, offering varying levels of sensitivity and specificity. Despite its dependence 

on antibody quality and potential for false results, ELISA remains a world standard for virus 

detection because of its ease of implementation, sensitivity, and adaptability (Zhang et al., 

2024),(Figure03).  

Figure03: ELISA types and their working principles. (Khan et al., 2023) 

6.1.2 Detection by Polymerase Chain Reaction methods (PCR) 
The polymerase chain reaction (PCR) was developed in 1983 by Dr. Kary Mullis while 

working for Cetus Corporation. In 1993, he received the Nobel Prize in Chemistry for this 

important contribution that revolutionized molecular biology (Mullis & Faloona, 1987).The 

technique can be used to amplify DNA sequences from any type of organism. It has been 

adapted over the years to allow amplification of RNA samples, as well as quantification of the 

amount of DNA or RNA in a sample (Suchman, 2011). 

PCR amplifies target DNA through a cycling process involving denaturation, annealing, and 

extension. The reaction mixture includes dNTPs, primers, PCR buffer, specific polymerase, 

template DNA, and water. Additionally, chemicals like MgCl2 or DMSO are used to enhance 

amplification efficiency. Gradient PCR is employed to optimize each parameter within a single 

reaction. (Chauhan, Pandey, & Jain, 2021),(Figure04). 
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Figure 04: Schematic Diagram of the Polymerase Chain Reaction (PCR) (Pabla & Pabla, 2008) 

6.1.3 Reverse transcription PCR (RT-PCR)  

RNA viruses cannot be directly diagnosed by PCR. The first step in their diagnosis is the cDNA 

preparation using a reverse transcriptase enzyme. This cDNA can be used further in the RT-

PCR reaction as a template(Sinha, John, Singh, & Johri, 2022). 

It is a highly sensitive and versatile method used for detecting and quantifying RNA viruses. 

The process involves first converting viral RNA into complementary DNA (cDNA) using 

reverse transcriptase, followed by PCR amplification of the cDNA. RT-PCR is valuable 

because it can detect infectious agents at the earliest stages of infection, increasing the 

effectiveness of measures to combat plant diseases. Several modifications of RT-PCR have 

been developed, including quantitative PCR (qPCR), nested PCR, and multiplex PCR, each 

offering unique advantages in terms of sensitivity, quantification, and throughput. For example, 

qPCR is more sensitive in detecting small concentrations of target viruses, while significantly 

reducing detection time compared to other PCR methods. 

6.1.4 Loop-mediated isothermal amplification (LAMP)  

LAMP is valued for its simplicity, high specificity, and sensitivity, enabling rapid amplification 

of target sequences without needing expensive equipment 

(Jang et al., 2022), LAMP uses multiple primers targeting different areas within the nucleic acid 

sequence, including internal primers, external primers, and loop primers, to initiate DNA 

synthesis with unique enzymes 
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The reaction displays the synthesis of new strands continuously in a cyclical manner, resulting 

in an exponential increase in the specific target sequence(Jeong, Lee, Ko, Ko, & Seo, 2022). 

LAMP can be performed using a crude extract from an infected plant, reducing preparation 

time and making it suitable for on-site detection (Panno et al., 2020 

LAMP can amplify DNA at detectable levels within 30-60 minutes and can achieve detection 

limits that are comparable to, if not better than, those of PCR(Qin et al., 2021) 

6.1.5 Micro and macroarray techniques 

Array techniques are based on hybridization methods and they are used for the simultaneous 

detection of multiple plant viral pathogens (Sinha et al., 2022).The method is based on the use 

of virus-specific oligonucleotides that bind to a membrane or glass support. After the total RNA 

is converted to cDNA and amplified by PCR using pathogen-specific primers labeled with 

markers suitable for detecting molecules, the amplified and labeled products are applied to the 

array and DNA hybridization is performed. Microarrays can simultaneously analyze many 

molecules increasing the effectiveness of pathogen screening. Microarrays have been improved 

to detect hundreds of plant viruses, including genus-specific oligoprobes. 

6.2 Metagenomics diagnostic methods 

Metagenomics provides detailed genetic information, improving virus detection, 

characterization, and surveillance, and facilitating the transition from virus discovery to the 

development of specific detection methods like PCR or LAMP 

6.2.1 Next-generation (high-throughput) sequencing (HTS) techniques 

HTS offer high performance, sensitivity, and scalability for detecting plant viruses 

(Kanapiya et al., 2024)HTS technologies allow for the rapid, high-throughput sequencing of 

DNA, providing detailed information about the genetic composition of viruses in a timely and 

accurate manner. HTS overcomes the limitations of traditional methods, providing more 

accurate and complete analyses. 

It has revolutionized plant virus diagnostics (Maree, Fox, Al Rwahnih, Boonham, & 

Candresse, 2018). HTS enables the detection of all viruses present in a plant, including those 

still unknown, without requiring any previous knowledge of viral sequences. HTS can be used 

for relative quantification based on the number of reads for the same sequence 

Third-generation sequencing is based on sequencing single molecules in real-time without the 

need for clonal amplification, thus shortening DNA preparation time and giving long reads of 
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several kilobases(Bleidorn, 2016; Goodwin, McPherson, & McCombie, 2016).HTS is the most 

powerful technique for multiplex detection as it can identify and discover an unlimited number 

of viruses and virus variants within a plant. 
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1. Origin of the samples and their preparation for RNAseq 

Leaf samples of E. canadensis were collected from crop fields in Tusnád, Romania, during 

June, July, and August of 2016. 10 individuals were sampled each month. Total nucleic acid 

was extracted from the leaf samples, DN-ase treated, then pooled according to the sample 

collection time, generating three pools. These three pools were unified as one pool, representing 

RNA of all of the sampled plant and sent for ribodepleted RNA sequencing. The sequencing 

was done using Illumina platform by NOVOGEN as a service. The library was assigned by a 

unique [TB_4_1] to track paired-end sequencing data. Processed library was stored in project-

specific folders. Raw FASTQ files underwent trimming and quality control using CLC 

Genomic Workbench, retaining paired 150nt reads for downstream analysis. This standardized 

workflow ensured reliable detection and characterization of viral communities in E. canadensis 

via RNAseq. 

2. Bioinformatic analysis of ribodepleted RNAseq 

The result of the sequencing was the fastq files, containing the sequences and the quality of the 

sequencing. The fastq files were analyzed 

For bioinformatics analysis we used CLC Genomic workbench. After quality control and 

trimming of the Illumina sequencing Reads, RNA sequences were quantified. De novo 

assembly of the reads generated contigs, which were annotated using four specialized 

databases: fungi viruses, land plants viruses, Slovenian weeds viruses, and invertebrate host 

viruses. To identify potential viral and viroid sequences, a BLAST search was performed 

against the NCBI database, with an E-value threshold used to filter for high-confidence hits. 

A comprehensive list of potential viral and viroid matches was generated by aligning contigs 

to the NCBI reference genome database, with matches ranked by E-value to indicate 

probability. To ensure high confidence, only hits with an E-value of 0 were prioritized for 

further analysis. Consensus sequences were created from these contigs and aligned to their 

respective NCBI reference genomes. The final list of identified pathogens was organized by E-

value and supported by the number of corresponding contigs. To validate the bioinformatics 

findings, RT-PCR was employed as an independent method, targeting specific viral sequences 

detected through this rigorous workflow. Using map reads to reference algorithm of the CLC 

the reads of both libraries were mapped to the reference genome visualized and counted. 
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• Improved Workflow: RNA -Seq Analysis 

 

Figure05: Bioinformatic pipeline of the RNA- seq analysis (Original,2025) 

3. cDNA Quality control  

My research process began with checking the quality of the synthesized cDNA with a PCR 

reaction, amplifying a part of the host actin mRNA, using the “Q5 DNA polymerase”. For the 

test I used 10 times diluted cDNA and primers specific to the host actin mRNA. As a positive 

control cDNA samples, ZS741/2 (prepared from Grapevine sample) and ZS237/3 (prepared 

from E. canadensis sample), while as a negative control water were used, (see Table 02). 

Table:02: Different reaction components of the cDNA (quality control) PCR mixture. 

Reaction mixture Quantity per sample 

MQ (Sterile water) 37 µl 

5x Q5 Reaction Buffer 10 µl 

Primer F (Vv actin 601 s) 2.5 µl 

Primer R (Vv actin 1200 as) 2.5 µl 

10 mM dNTP 1 µl 

Q5 DNA Polymerase 0.5 µl  

Template (Zs237/3) / (Zs237/2)10x RT  0.5 µl 
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3.2. RT-PCR validation of the HTS detected viruses. 

3.2.1. Primer design 
To validate the presence of viruses detected by HTS RT-PCR To validate the presence of the 

viruses which were detected by HTS RT-PCR was employed. Primer pairs targeting specific 

viral sequences were designed. For the primer design the HTS detected contig and the 

sequenced genomes of the particular virus was used. We tried to find a position where these 

sequences were the same and the amplified part was 1737bp long. We tried to avoid repetition 

of the nucleotides and designed C or G to the 3’ end of the primer. Based on these the following 

primers shown in Table 03 were designed and Figure 06 illustrates it. 

Table:03: specific primers for Wuhan insect virus 21  

 

Figure06: BLAST Alignment and Primer-Target Sequence Conservation (Original,2025) 

3.2.2. Optimization of the annealing temperature 

To find the best amplification we tested different DNA Polymerases for the viral product 

amplification: Q5(Biolabs, 2025), and Phire Hot Start II DNA Polymerase 

Virus Primer name Primer sequence (5’-3’) Function of 

the amplified 

region 

Genome used 

as a reference 

Reference 

Wuhan 

insect 

virus 21 

WIV21_163F 

WIV21_1668R 

CGTGTGAGCAGCCGCTCAGCG 

GCACAGAATATGATGATATGTG 

  

hypothetical 

protein 1 

 

NC_033481 

Shi,M.,et 

al,2016 

 WIV21_97F  

WIV21_1834R 

 

CAAGTGCAAGACATCCTGCACC  

CACCGACCGTGGAATGATATTC 

hypothetical 

protein  

NC_033491 
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(ThermoFisherScientific, 2019) As these polymerases are different in their optimal annealing 

temperature and also in their temperature optimum for extension, the conditions for the reaction, 

including the optimization of the annealing temperature of the primers were done. 

Q5 DNA Polymerase(Biolabs, 2025), a high-fidelity enzyme known for its accuracy and 

efficiency, and it allows a very high temperature for the annealing. 

Phire Hot Start II DNA Polymerase (ThermoFisherScientific, 2019)is a very fast acting, 

polymerase which has a very high amplification rate, but allows only lower annealing 

temperature. Both enzymes have a very unique hot-start mechanism that prevents non-specific 

primer annealing at lower temperatures, significantly reducing background noise and improving 

the overall yield of specific PCR products. 

To optimize the annealing temperature conditions detailed below were used: Table 04 and 05, 

and later Table 08,09 and 10 for Q5 and Table 06 and 07 for Phire polymerase. 

Table:04: Component of the reaction mixture used for the amplification using Q5 DNA 

polymerase 

Reactions Mixture  Quantity per sample 

MQ (Sterile water) 37 µl 

5x Q5 Reaction Buffer 10 µl 

WIV21 Primer (97F/ 1834R) 2.5 µl 

WIV 21 Primer (163F / 1668R) 2.5 µl 

10 mM dNTP 1 µl 

Q5 DNA Polymerase 0.5 µl  

Template (Zs237/3) / (Zs237/2)10x RT  1.5 µl 

Table:05: PCR amplification program when Q5 enzyme was used as a DNA polymerase 

Stage Temperature °C Time Number of Cycle 

Initial Denaturation 98 30 seconds 1 

Denaturation 98 10 seconds  

40X Annealing 58-66 30 seconds 

Extension 72 1 minutes 

Final extension 72 2 minutes 1 

Hold 4 ∞ - 
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Table:06: Component of the reaction mixture used for the amplification using Phire DNA 

polymerase 

Component Quantity per 1x sample Quantity per 2x sample 

MQ (Sterile water) 33 µl  66 µl 

5x phire Buffer 10 µl 20 µl 

WIV21_163F 2.5 µl 2.5 µl 

WIV21_1668R 2.5 µl 2.5 µl 

10 mM dNTP 1 µl 2 µl 

Phire Polymerase 1 µl  2 µl 

Template Zs237/310x RT 1 µl+49 ul  

 

Table07: Gradient PCR using Phire hot start DNA polymerase 

Stage Temperature °C Time Number of Cycle 

Initial Denaturation 98 30 seconds 1 

Denaturation 98 10 seconds  

40X 
Annealing 55 - 65 30 seconds 

Extension 72 1 minutes 

Final extension 72 2 minutes 1 

Hold 4 ∞ - 
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Table08: Gradient PCR using Q5 DNA polymerase of three different samples collected on three 

different dates 

Component Quantity per 1x sample Quantity per 15x sample 

MQ (Sterile water) 9 µl  135 µl 

5x Q5 Buffer 3 µl 45 µl 

WIV21_97F 1 µl 1.5 µl 

WIV21_1834R 1 µl 15 µl 

10 mM dNTP 0.3 µl 4.5 µl 

Q5 Polymerase 0.2 µl  3 µl 

Templates Zs808/7  

Zs808/8 

Zs808/10 x RT 

0.5 µl+ 14,5ul Mix 

Table09: PCR Test using Q5 DNA polymerase of the big pool and the three different samples 

collected on three different dates at Tusnád station 

Component Quantity per 1x 

sample 

Quantity per 8x sample 

MQ (Sterile water) 9 µl  72 µl 

5x Q5 Buffer 3 µl 24 µl 

WIV21_97F 1 µl 8 µl 

WIV21_1834R 1 µl 8 µl 

10 mM dNTP 0.3 µl 2.4 µl 

Q5 Polymerase 0.2 µl  1,6 µl 

Templates Zs800/4 (Big pool) 

Zs803/10 

Zs803/11 

Zs803/12 x RT 

0.5 µl+ 14,5ul Mix 
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Table10: Gradient PCR using Q5 DNA polymerase 

Stage Temperature °C Time Number of Cycle 

Initial Denaturation 98 30 seconds 1 

Denaturation 98 10 seconds  

40X 
Annealing 62.5 30 seconds 

Extension 72 2 minutes 

Final extension 72 3 minutes 1 

Hold 4 ∞ - 

3.3. Investigation of the results of the RT-PCR reaction (Agarose gel 

electrophoresis) 

To test the results of the amplification of target DNA sequences, agarose gel electrophoresis 

was employed. This technique separates DNA fragments based on size, allowing for the 

identification of PCR products with the targeted size. Separating the PCR product, along with 

a DNA ladder as a size reference, and applying an electric field, the DNA fragments migrate 

through the agarose gel matrix. The presence of distinct bands corresponding to the expected 

size of the virus-specific amplicons confirms successful PCR amplification. 

3.3.1. Agarose Gel Preparation 

To prepare the 1.2% agarose gel, 3.6 g of agarose powder was weighed and added to 300 

mL of 1X TBE buffer. The agarose was solubilised and melted by heat in a microwave oven in 

short bursts, with gentle shaking between each heating cycle, until a clear, homogeneous 

solution was obtained. Ethidium bromide (EtBr), a fluorescent dye that intercalates into the 

DNA double helix, was added to the aliquot of the molten agarose solution at a final 

concentration of 0.5 µg/mL. The mixture was then poured into a gel casting tray containing a 

comb to create wells for sample loading. The gel was allowed to solidify at room temperature 

for approximately 20 minutes. 

3.3.2. Setting Up the Electrophoresis Gel 

The electrophoresis setup is identical for both the Q5 Polymerase and Phire Hot Start DNA 

Polymerase samples. The solidified agarose gel was carefully transferred to an electrophoresis 
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tank and submerged in 1X TBE buffer. 1.2% agarose gel was used to separate the approximately 

1737/1505 base pair (bp) PCR product generated from the cDNA.  

3.3.3. Gel Electrophoresis 

5vl DNA molecular weight marker (DNA ladder 100bp + of Thermo Scientific) was loaded 

into the first well of the gel, followed by 10 µL of each PCR product (amplified at different 

annealing temperatures). Before loading 5 µL of DNA loading dye containing bromophenol 

blue as a tracking dye was added to each sample. Electrophoresis was performed at a constant 

voltage of 132-135 Volt allowing for the separation of DNA fragments based on their size, till 

the bromophenol blue dye reached the end of the gel (approximately 30-35 minutes). 

Following electrophoresis, the gel was visualized under ultraviolet (UV) light to detect the 

ethidium bromide (EtBr)-stained DNA bands. A Bio-Rad Chemi Doc MP Imaging System was 

used to capture a digital image of the illuminated gel. 

3.3.4. Purification of PCR fragments from agarose gel 

To purify the PCR product of interest, a NucleoSpin Gel & PCR Clean-up kit (Macherey 

and Nagel) was employed. This purification step is essential for subsequent downstream 

applications, such as DNA sequencing or cloning. The gel slice containing the target DNA band 

was excised from the gel, using a sterile scalpel and transferred to a pre-weighed 

microcentrifuge tube. The gel was melted using NT1 buffer (200 ul was used for 100m g gel) 

at 50 C for 10 minutes. To maximise the melting after 2-3 minutes the solution was mixed by 

vortexing it. After dissolving the gel, the liquid containing the DNA was carefully pipetted into 

a NucleoSpin column sitting inside a 2 mL collection tube. The tube was spun in a centrifuge 

at high speed (11,000 × g) for 30 seconds to stick the DNA onto the column’s filter. The leftover 

liquid was thrown away. Next, the column was washed twice with a special cleaning solution 

(Wash Buffer NT3, made by mixing ethanol with a concentrate) to remove any impurities—

each wash involved spinning the column again at the same speed for 30 seconds. After washing, 

the column was spun one last time for a full minute to get rid of any leftover ethanol, which 

could interfere with later experiments. 

To collect the purified DNA, 15–30 µL of a mild, slightly alkaline solution (Elution Buffer NE) 

was added to the column. After letting it sit for a minute at room temperature, another quick 

spin in the centrifuge released the DNA into a clean tube. For bigger DNA pieces (over 1,000 

bp), we boosted recovery by warming the elution buffer to 70°C, letting it sit on the column for 
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5 minutes, and repeating the elution step once more. This process gave us clean, high-quality 

DNA ready for experiments like sequencing or cloning. 

3.3.5. Cloning (Ligation and Transformation) 

To clone the PCR product, a pJET1.2/blunt cloning vector was utilized. This vector, 

provided by Thermo Scientific, is capable of accepting DNA inserts ranging from 6 to 10 

kilobase pairs (kb). A ligation reaction was set up in a 1.5 mL microcentrifuge tube, combining 

7.5 µL of 2X reaction buffer, 0.75 µL of pJET1.2/blunt vector, 0.5 µL of T4 DNA ligase, 1 µL 

of nuclease-free water, and 5 µL of the purified PCR product. The ligation reaction was 

incubated at room temperature for 10 minutes, resulting in the formation of recombinant 

plasmids. The ligation mixture was then ready for transformation into competent cel 

A vial containing 200 ul of competent E. coli DH5α cells was thawed on ice for 10-15 minutes. 

100 µL of thawed competent cells were transferred to a sterile 15 ml polystirol tube, followed 

by the addition of 5 µL of the ligation mixture. The cells were incubated on ice for -20 minutes 

to facilitate DNA uptake. Heat shock transformation was performed by incubating the cells at 

42°C for 30 seconds, followed by immediate transfer to ice to halt the heat shock process. 500 

µL of SOC medium was added to each tube, and the cells were incubated at 37°C with shaking 

for 40 minutes to allow for recovery and expression of antibiotic resistance genes. 

Subsequently, 250 µL of the transformed cells were spread onto LB agar plates containing 

ampicillin. The plates were incubated at 37°C overnight to allow for the growth of transformed 

colonies. 

3.3.6. Plasmid Purification for Sanger sequencing 

3.3.6.1. liquid culture 

Two hundred fifty microliters of ampicillin were added to a 250 mL Erlenmeyer flask 

containing LB medium. Three millilitres of this antibiotic-supplemented LB medium was then 

transferred to individual inoculation flasks. 3 colonies from each transformation plate were 

picked using sterile toothpicks and streaked onto fresh LB agar plates containing ampicillin. 

The toothpicks were also used to inoculate the 3 mL LB medium cultures. These cultures were 

incubated overnight at 37°C with shaking to allow for bacterial growth and plasmid 

amplification 
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3.3.6.2. Plasmid Purification  

To isolate plasmid DNA, a NucleoSpin Plasmid kit (Macherey and Nagel) was utilized. 1.5 

ml of the overnight culture was harvested by centrifugation at 8000 rpm for 3 minutes. The 

supernatant was discarded, and the cell pellet was resuspended in 250 µL of Buffer A1. Lysis 

Buffer A2 (250 µL) was added to the cell suspension, and the mixture was gently inverted six 

times to ensure complete lysis. After a 5-minute incubation at room temperature, 300 µL of 

Precipitation Buffer A3 was added, and the mixture was inverted gently to mix. The lysate was 

centrifuged at 11,000 x g for 5 minutes to precipitate cellular debris. The supernatant containing 

the plasmid DNA was transferred to a spin column and centrifuged at 11,000 x g for 1 minute. 

The flow-through was discarded, and the column was washed with 600 µL of Buffer A4 to 

remove impurities. The column was centrifuged at 11,000 x g for 1 minute and then after 

removing the flow through for a further 2 minutes to dry the silica membrane. Finally, plasmid 

DNA was eluted from the column with 50 µL of Buffer AE, after 1 minute room temperature 

incubation, followed by a 1-minute centrifugation at 11,000 x g. The purified plasmid DNA 

was stored at -20°C for subsequent analysis. 

3.3.6.3. Testing the success of the ligation (Plasmid digestion with 

restriction enzymes) 

To test, if the cloning process was successful, the purified plasmid DNA was subjected to 

restriction enzyme digestion. A reaction mixture containing 2 µL of 10X Tango Yellow Buffer, 

0.1 µL of XhoI restriction enzyme, 0.1 µL of XbaI restriction enzyme, and 5,8 µL of nuclease-

free water was prepared. 8 µL of this digestion mixture was added to 2 µL of the purified 

plasmid DNA, and the reaction was incubated at 37°C for 1 hour. The digested DNA fragments 

were analyzed by agarose gel electrophoresis to visualize the expected band pattern. Plasmids 

that exhibited the correct restriction pattern were selected and sent for Sanger sequencing to 

confirm the presence and orientation of the inserted DNA fragment. 

4. Analysis of the sequences 

The result of the Sanger sequencing arrived as a chromatogram, which could be analyzed 

using Chromas 2.6.5. This software is a user-friendly tool for visualizing and editing DNA 

sequence chromatograms. The software allows for the extraction of sequences in FASTA 

format, which can be subsequently analyzed using other bioinformatics tools. In the case of this 

study, Chromas 2.6.5 was used to assess the quality of the sequences. 
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To analyze the genetic sequences from Sanger sequencing, we first cleaned up the raw data 

using Chromas. This step involved trimming off poor-quality sections at the ends of reads, 

fixing unclear or ambiguous bases, and removing any "N" nucleotides to improve accuracy. 

Next, we stitched together overlapping reads to build complete sequences and manually refined 

them using ApE (Davis, 2011). This included fixing mismatches, labeling important features 

(like genes), merging shorter sequence fragments, and ensuring the forward and reverse strands 

of the cloned product Zs808I10I3 aligned perfectly without gaps. 

To identify what viruses these sequences belonged to, we compared them to the NCBI’s global 

genetic database and specialized viral reference databases using BLASTn(Altschul, Gish, 

Miller, Myers, & Lipman, 1990). For cloned PCR products linked to Wuhan Insect Virus 21, 

we adjusted the search by selecting the “somewhat similar sequences” option in BLASTn, 

which helped find close relatives of the virus. Matches were ranked based on how well they 

aligned (alignment scores), how much of the sequence they covered (query coverage), and their 

relevance to known viruses. 

To double-check our findings, we reran the analysis using the reverse complements of the 

sequences and compared results across multiple databases. This cross-validation step ensured 

no mistakes crept in and confirmed the reliability of our identifications. 

5. Phylogenetic analysis of viruses detected by HTS 

To reconstruct the phylogenetic relationships of viruses identified via HTS, aligned viral 

sequences (conserved regions and whole genomes) were imported into Geneious Prime 

(v2023.1.1). Sequences were aligned using the built-in MUSCLE alignment tool, followed by 

manual curation to remove gaps and poorly aligned regions. The neighbor-joining model using 

the Jukes-Kantor algorithm was employed for tree construction. Node support was assessed 

using 1,000 bootstrap replicates, with nodes retaining ≥70% bootstrap values considered 

statistically robust. Genetic distances were scaled accordingly. Final trees were exported in 

JPEG format for visualization (Dotmatics, 2023)
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The study started in 2016 with the sampling, RNA extraction and continued by HTS of 

ribodepleted RNA from weed plant samples ordered as a service from NOVOGEN. My 

contribution to this research project commenced at the stage of data analysis from the point 

where all above was ready and I started to analyze the resulting sequence data. Utilizing the 

CLC Genomic Workbench, I performed a comprehensive analysis, including BLAST searches 

against reference genomes of different sequence databases including Land Plant- infecting 

Viruses, Fungi Viruses, Invertebrate Host Viruses and Slovenian Weeds Viruses, to identify 

potential viral infections within the weed samples. 

1. Results of the initial statistics 

Initial RNA sequencing analysis revealed 20,313,050 total reads, of which 500,000,94 reads 

were retained after quality trimming and 109,401 reads discarded due to low quality or adapter 

contamination. Following this, de novo assembly of the trimmed reads generated 56,260 

contigs, with lengths ranging from 300 bp (minimum) to 15,821 bp (maximum) and an average 

length of 859 bp. 
To characterize the viromes and identify potential viral pathogens, the contigs were matched to 

the NCBI reference genome database, resulting in a list of viral pathogens potentially occurring 

in the sample, indicating their probability as an E-value. I sorted the obtained results based on 

the corresponding E-value, and then continued the further tests with the most probable 

pathogens, i.e. those with an E-value of 0. To check all of the SNP’s present in the sequenced 

viral variant I created consensus sequences from the mapped reads which were separately 

aligned to the reference genome of the given virus downloaded from the NCBI database. 

The analysis resulted a list of viral hits exhibiting low read counts while others demonstrated 

high read abundance. A curated list of viral candidates was subsequently generated. 

To quantify the extent of information about the presenting viral sequence, coverage of the viral 

genome: the percentage of RNA-seq reads aligning to each viral hit was calculated table 11 

below illustrates the results. 

Table 11: Bioinformatic analysis, Using CLC and NCBI Blast obtained for the RNA-seq library 

based on the lowest E-value (Original,2025) 
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To be able to reliable investigate further the initial bioinformatics analysis, I explored more into 

identifying the viral hits. This involved research at NCBI databases to gather information on 

the origin, host range, and genomic characteristics of each potential virus. It aims to track the 

origins of the identified viral sequences and provide a more comprehensive understanding of 

their potential impact. A comprehensive table below is compiled to summarize details on the 

RNA type (linear or circular), the natural host of the virus, its geographical origin, and the 

orientation of its genome.  

In order to visualize accurately our data, we mapped the contig sequences to the known 

sequence of viruses to see how entirely their genome is covered by RNA. The figures from (08 

to 13) below represents and illustrates all virus hits. 

 

Figure08:  Analysis of Viral Genome Whan Insect Virus21(NC_033491-NC_033481) and 

HTS Data 
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Figure09:  Analysis of Viral Genome Whan Aphid Virus 2 (NC_028382-NC_028386- 
NC_028383- NC_028387) and HTS Data 

 

Figure10:  Analysis of Viral Genome Solanum nigrum ilarvirus 1 (OL472060- OL472062) 

and HTS Data 
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Figure11:  Analysis of Viral Genome Cucumber mosaic virus (NC_001440- OL472039) and 

HTS Data 

 

Figure12:  Analysis of Viral Genome Ageratum latent virus (NC_022127) Alternaria 

arborescens mitovirus 1 (NC_030747) and HTS Data 

 

Figure13:  Analysis of Viral Genome Blackberry Virus (NC_029303) Erysiphe necator 

ourmia-like virus 82 (OL472300) and HTS Data 

2. Checking the quality of the cDNA of E. canadensis samples 

To validate the presence of these two viruses RT-PCR has been carried out. For RT-PCR 

reactions cDNA has to be used as a template. cDNAs originating from the investigated sample 

had been available in the lab, therefore I started my validation work by checking the quality of 
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the cDNA templates for virus screening. To do this a PCR reaction detecting the actin mRNA 

in the sample was carried out using Vvactine primers with grapevine and E. canadensis samples 

as mentioned in the protocol above. Actin is a highly conserved mRNA, the primers designed 

for grapevine could amplify actin from a wide range of plants. However, we did not know if 

these primers would amplify actin from E. canadensis as well and if they do at which annealing 

temperature. As a positive control we used grapevine cDNA.  

Gradient PCR is an adaptation of conventional PCR that facilitates the optimization of the PCR 

process. The annealing temperature must be set high enough to minimize non-specific products 

while maintaining the yield of the target product. By setting a range of annealing temperatures, 

the optimal temperature of the annealing step of the PCR reaction, which can vary according to 

the used polymerase, can be identified. 

The actin test, using "sense and antisense" actin primers, confirmed the successful synthesis of 

cDNA by producing amplified products. Positive controls validated the reliability of our 

process. 

 

Figure14: Gel Electrophoresis Results for Actin Test and Primer Check (NC_033491-

NC_033481) – (M) marker 

The samples were checked using Vvactine primers pairs (601S F- 1200 AS R) from previous 

grapevine (lanes 1 to 5) and our sample template, E. canadensis (lanes 6 to 10) for both viruses 

the expected size is 500bp which suggests Positive Results, figure14 above Represents the gel 

electrophoresis results showing the actin test. 
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3. RT PCR validation of the presence of WIV21 

3.1. Primer design 

The primer design process for Wuhan Insect Virus 21 targeted conserved genomic regions to 

ensure specificity and amplification efficiency. Using bioinformatics tools (e.g., NCBI Primer-

BLAST, Geneious Prime), primers were designed to flank a ~500 bp region of the viral genome, 

avoiding secondary structures and regions of high GC content. The forward and reverse primers 

were validated in silico for specificity against the NCBI nucleotide database to minimize cross-

reactivity with non-target sequences. Melting temperatures (Tm) were optimized to ensure 

compatibility with standardized PCR protocols. Experimental validation included testing 

primer pairs on cDNA synthesized from E. canadensis samples, followed by gel 

electrophoresis and Sanger sequencing to confirm amplification of the intended viral sequence. 

3.2. RT PCR validation of the presence of WIV21(First experiment) 

3.2.1. Optimization of the annealing temperature for the virus specific 

primers   

A gradient PCR using Q5 DNA polymerase using E. canadensis cDNA as a template did not 

yield the expected 507 bp product. Subsequent PCR amplifications were performed using three 

different cDNA templates (E. canadensis PCR, VS6/8 produced by RT, and Zs 747/8 produced 

using Maxima). These experiments confirmed a low percentage of viral presence, as indicated 

by the absence of distinct bands on the gel Presented below in figure 15. 

 

 

 

Figure15: PCR Gradient with the use of Q5 Polymerase enzyme to obtain the optimization 

annealing temperature of E. canadensis sample for Wuhan insect viruses (NC_033491-

NC_033481). 
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The virus-specific product using specific primers to detect WHCCII13077 should yield a 

product around 1737 bp when using primer pairs (97F - 1834R), and 1505 bp is expected when 

using primer pairs (163F - 1668R). The gradient-PCR was performed with the Q5 polymerase 

enzyme, showing a negative reaction result, indicating that the sample may not contain the virus 

or, if present, contains it at a low concentration. Using the Q5 enzyme was not very successful, 

as we had some amplifications, but they were not at the correct size. Therefore, we opted to use 

the Phire Hot Start II DNA Polymerase,(Figure 16). 

 

Figure16: PCR Gradient with the use of Phire hot start DNA polymerase enzyme to obtain the 

optimization annealing temperature of E. canadensis sample for Wuhan insect viruses 

(NC_033491 -033481). 

Samples 1 to 5 were handled with the use of primer pairs (97F - 1834R) which shows a band 

around 500 bp. Samples 6 to 10 were handled with the use of primer pairs (163F - 1668R) 

which shows a band around 600bp. These bands illustrated positive results.  

3.2.2. Purification, Cloning and analyzing of PCR fragments Results   

To check if the amplified part could be viral origin we decided to determine the sequence of the 

amplified product. To do this, the products have been purified from the gel and cloned into 

pJET1.2 vector demonstrated in figure 17. 
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Figure 17: DNA purification results 

Following this, the purified products was ligated, and transformed into the vector. The result 

of the cloning was checked on three resulted and purified plasmids by cleavage with XhoI and 

Xbal restriction enzyme digestion. Results were: 

3 clones have been produced from sample TS6/2 (TS6/2 1, TS6/2 2, TS6/2 3) and 3 clones have 

been produced from sample TS9/2(TS9/2 1, TS9/2 2, TS9/2 3) as the figure 18 below indicates. 

it. 

 

Figure 18: DNA cloning and digestion Results (dig: digestion, Ø of dig: not digested) 

To proceed with bioinformatics analysis, we sent the cloned samples to be Sanger sequenced. 

The resulting sequences were visualized using Chromas 2.6.6 software. The sequence was 

analyzed in order to identify its possible origin from Wuhan insect viruses (NC_033491-

NC_033481), figure 19 shows part of the obtained long sequence  . 
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Figure19: chromatogram of received sequence opened in Chromas 2.6.6 

Based on the chromatogram from the Sanger sequencing visualized, the sequence was subjected 

to bioinformatics analysis. This involved aligning the obtained sequence and checking for 

significant matches or similarities. The analysis concludes that the sequence may originate from 

the plant genome.  

3.3. RT PCR validation of the presence of WIV21(Second experiment) 

 

Figure 20: PCR Gradient with the use of Q5 Polymerase enzyme to check the optimizing 

annealing temperature of E. canadensis sample for Wuhan insect viruses 21 (NC_033491). 

To investigate thoroughly my supervisor attempted another gradient PCR using the Q5 enzyme 

with Wuhan insect virus 21 primer pairs 97F and 1834R. This time, we obtained a good product 

at the correct size and position1737bp, (Figure20).  

I then proceeded to check cDNA for the presence of the virus, as illustrated in figure 21 below. 



Results And Discussion   

 

44 
 

 

Figure21: PCR Gradient with the use of Q5 Polymerase enzyme to obtain the optimization 

annealing temperature of E. canadensis sample for Wuhan insect viruses 21 (NC_033491-

NC_033481). 

Utilizing specific primers designed to detect Wuhan Insect Virus 21(WHCCII13077), a 

gradient PCR was conducted to amplify a target product of 1737 base pairs. The primer pair 

pairs (97F - 1834R). was employed in conjunction with Q5 polymerase enzyme and four 

distinct cDNA templates. These templates included cDNA derived from E. canadensis samples 

collected on 3 separate months at the Tusnád station, as well as a "Big Pool" cDNA sample. 

Additionally, a positive control mix and a negative control mix, using molecular-grade water, 

were included in the experiment. 

The results of the gradient PCR demonstrated a positive reaction across the cDNA samples, 

confirming the presence of Wuhan Insect Virus 21 within the E. canadensis specimens. 

Following this, the cloned samples were subjected to Sanger sequencing. The generated 

sequences were visualized and analyzed using Chromas 2.6.6 software. Subsequent sequence 

comparison aimed to determine their potential origin by aligning them with reference sequences 

of Wuhan insect viruses (NCBI accessions: NC_033491-NC_033481). As shown in figure22 

chromatogram of received sequence Forward and Reverse sequence. 
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Figure22: chromatogram of received sequence opened in Chromas 2.6.6 

4. Phylogenetic Analysis of WIV21 in E. canadensis 

The phylogenetic tree results illustrate that Wuhan Insect Virus 21 (WIV21) has been described 

from various countries, including the United States of America, Japan, Belgium, China, and 

Germany, and from different origins such as soybean, pea, and barley. Multiple alignments in 

GenBank Revealed that there are two additional viruses under different names: 

MZ443588_LWaV1_Vespula vulgaris_BG and MW434920_EroboV_mosquito_USA. The 

Pairwise sequence comparison of these two variants showed that they are 87.5% identical, 

(Table 11). 
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Table 12: Percentage Similarity Matrix of Genetic Sequences Across Various Species and 

Locations

 

The phylogenetic tree shows that several viruses closely related to WIV21, though named 

differently, are present across different branches and are associated with various arthropod 

hosts. Our sequence of the WIV21 E. canadensis variant (WIV21_E. canadensis_RO) clusters 

with these isolates, with its closest relative being the variant sequenced in China from insect 

samples (KX883227_NC_033491_insect_CH), indicating a close genetic relationship despite 

naming differences., (Figure23). 

 

Figure 23: Phylogenic Tree of Wuhan insect virus 21 in E. canadensis 
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In conclusion, E. canadensis, a ubiquitous plant exhibiting both medicinal and ecological 

significance, presents a complex case study in weed management due to its rapid colonization 

of disturbed habitats and increasing herbicide resistance. However, its notable susceptibility to 

viral infections, as revealed through recent high-throughput sequencing (HTS) analyses, offers 

a critical avenue for investigation. This study aimed to comprehensively characterize the viral 

communities (viromes) within 30 plant samples of E. canadensis through molecular detection 

via RT-PCR, thereby validating HTS findings and exploring diverse viral sources, including 

the targeted Wuhan Insect Virus 21 and Wuhan Aphid 2. 

To achieve this, novel primers were designed based on RNA reads generated during 

bioinformatic analysis, utilizing CLC Workbench and NCBI BLAST databases, enabling 

specific amplification of the virus. Subsequent purification, cloning, and Sanger sequencing of 

PCR products were subjected to rigorous bioinformatic analyses using Chromas and BLASTn. 

The gradient PCR was used to optimize the annealing temperature of the PCR. The results 

demonstrated a positive reaction across the cDNA samples, confirming the presence of Wuhan 

Insect Virus 21 within the E. canadensis specimens. This was further validated by Sanger 

sequencing and sequence alignment with reference Wuhan insect viruses. 

WIV21’s phylogenetic placement links it to globally dispersed crop-infecting isolates (soybean, 

pea, barley) across five countries, with 87.5% identity to insect-associated viruses 

(LWaV1_Vespula, EreboV_mosquito). Despite genetic parallels, WIV21 forms a distinct 

lineage (bootstrap 100), closely related to an insect-derived Chinese variant (KX883227), 

implicating unresolved host-jumping potential. These findings highlight WIV21’s ecological 

divergence from arthropod viruses, urging re-evaluation of its taxonomy and transmission 

mechanisms. 

In conclusion, WIV21’s phylogenetic placement as a plant-associated virus highlights its role 

in shaping plant-virus interactions in non-crop angiosperms. Its distinct transmission ecology 

underscores the diversity of plant virus dissemination, emphasizing the need for continued 

molecular surveillance of viral reservoirs in E. canadensis within agroecosystems. 
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Plant viruses represent major biotic threats to global agriculture, inflicting substantial economic 

damage and undermining efforts to achieve sustainable farming systems, The analysis of 

viromes—complex assemblages of viruses coexisting in ecological niches—aims to unravel 

their genetic diversity, host interactions, and functional dynamics, in agroecosystems  

This research employs high-throughput sequencing (HTS) and advanced bioinformatics tools 

to analyze viral genetic material from environmental samples, comprehensively characterizing 

viral communities—including their genetic diversity, structural features, and potential impacts 

on plant health. 

RNA was extracted from E. canadensis plants sampled at Tusnád, Romania. These samples 

were subjected to high-throughput sequencing (HTS) on the Illumina platform. Bioinformatics 

analysis was performed using CLC Genomic Workbench, contigs Hits were prioritized based 

on alignment confidence (E-value), with E = 0. Consensus sequences of these viruses were 

generated from contigs and aligned to their respective NCBI reference genomes for validation. 

To confirm HTS-detected viruses, RT-PCR primers were designed using HTS-derived contigs 

and reference viral genomes. PCR amplicons were electrophoresed on agarose gels, and target 

bands were purified. Purified fragments were ligated into cloning vectors, transformed into 

competent cells, and subjected to plasmid purification. Sanger sequencing of cloned inserts 

produced chromatograms, which were analyzed to verify the presence of viral sequences 

identified via HTS. 

The analysis revealed viral candidates with varying read abundances, ranging from low to high, 

leading to a curated list of targets. Among these, Wuhan Insect Virus 21 was prioritized for 

validation. Virus-specific primers amplified products of ~500 bp and ~600 bp Cloned 

amplicons were Sanger-sequenced, and the resultant chromatograms were analyzed to identify 

sequence origins. In a subsequent experiment, gradient PCR targeting a 1,737 bp fragment 

yielded positive reactions across cDNA samples, verifying Wuhan Insect Virus 21 in E. 

canadensis. Phylogenetic analysis of sequenced data further contextualized these findings. 

However, deeper investigation into E. canadensis-virus interactions remains necessary. 

These findings advance understanding of plant-virus ecology. Functional insights into viral 

prevalence and genetic relationships underscore the broader value of metagenomics in 

uncovering hidden viral diversity within agroecosystems, emphasizing its role in proactive 

pathogen surveillance and ecological risk assessment.
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LIST OF ABBREVIATION 

 

WHCCII13077/ WIV21:  Wuhan Insect Virus 21 

WHAV2:    Wuhan aphid Virus 2 (or Wuhan Hydroperus Aphid Virus 2) 

SnTV-1:    Solanum nigrum Torradovirus 1 (associated with Physalis sp.) 

CMV:                Cucumber Mosaic Virus (a well-characterized plant pathogen) 

AMVT1:   Alternaria arborescens Mitovirus 1 (fungal-associated virus) 

AgLV:               Ageratum Leaf Curl Virus (a begomovirus infecting Ageratum species) 

EndU-V82:   Endornavirus U-V82 (isolated from tomato, Solanum lycopersicum) 
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Appendix01: Origin and source of the RNA-seq results obtained from NCBI databases 
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