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Comprehensive Multiplex RT-PCR and PCR Assay for Simultaneous Detection of Mixed Infections of Major Sugarcane Viruses
ABSTRACT
Sugarcane is a globally important cash crop crucial for production of sucrose. The productivity of sugarcane is affected by several viral pathogens, including Sugarcane bacilliform virus (SCBV), Sugarcane mosaic virus (SCMV), Sugarcane streak mosaic virus (SCSMV), and Sugarcane yellow leaf virus (SCYLV). These viruses are known to primarily transmit through sugarcane planting seeds and germplasm exchange cause substantial economic yield losses worldwide. This study introduces an optimized multiplex PCR and conventional PCR assay for simultaneous detection of four major sugarcane viruses viz., SCBV, SCMV, SCSMV, and SCYLV. The proposed study developed and validated a multiplex PCR assay for early detection of major sugarcane viruses, supporting clean seed programs to enhance the productivity of sugarcane. In the present study, the sugarcane samples exhibiting characteristic disease symptoms were collected from six major sugarcane varieties of India. To assure the integrity and purity, overall genomic DNA and RNA were extracted. Based on the PCR results, the amplicons of approximately of 587 bp and 465 bp were detected for SCBV and SCMV, respectively in 3, 5, and 6 samples. However, amplicons of ~610 bp for SCYLV and ~599 bp for SCSMV have been seen in all six samples. The approach is very economical and demonstrated remarkable sensitivity, specificity, and robustness for the early and simultaneous detection of mixed viral infections in sugarcane. In order to promote sustainable sugarcane agricultural practices worldwide, the study fulfills a major gap in virus diagnostics by providing a strategic solution for early virus diagnosis, clean seed production, and enhanced sugarcane productivity.
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1. INTRODUCTION
Sugarcane (Saccharum spp.), which belongs to the Poaceae family, is an important cash crop known for its economic contribution to the manufacturing of sugar, ethanol and a variety of byproducts [1,2]. Sugarcane is grown on about 26 million hectares in more than 90 nations worldwide and is the backbone of the global agricultural economy. India, as the second-largest producer, cultivates sugarcane on 4.7 million hectares, delivering an astonishing 376.90 million tons of cane annually (http://agricoop.gov.in/). Despite its worldwide cultivation and economic importance, sugarcane confronts significant challenges that put at risk its productivity and sustainability [3]. Among these, viral diseases cause substantial damage in sugarcane since they have the ability to cause severe yield losses and reduce crop quality as well [3,4].
In the present decade, India has encountered significant economic yield losses with decline in sugarcane quality due to major viral diseases [4,5]. The Sugarcane Mosaic disease (SMD) and streak mosaic disease (SSMD) is caused by the RNA viruses viz., Sugarcane mosaic virus (SCMV; genus Potyvirus, family Potyviridae) and Sugarcane streak mosaic virus (SCSMV; genus Poacevirus, family Potyviridae) respectively. Mixed infections of SCMV and SCSMV frequently reported across major sugarcane-growing states in India [6-14]. Similarly, yellow leaf disease (YLD) occurred due to an RNA virus called Sugarcane yellow leaf virus (SCYLV; genus: Polerovirus, family: Luteoviridae), lead to nearly 30% reduction in stalk number and biomass  and about 26% reduction in  sugar yield  [5,17-19]. Leaf fleck disease (LFD) caused by Sugarcane bacilliform virus (SCBV; genus: Badnavirus, family: Caulimoviridae) a DNA virus is widespread in sugarcane-growing regions and can lead to infection rates as high as 70% thereby severely impacting crop yield and quality [14,20-24]. The impact of viral infections on sugarcane productivity cannot be ignored. Symptoms linked with these infections include mosaic patterns, chlorotic streaks, and mid-rib yellowing, lead to a significant decline in both yield and quality [12,14-16].
The primary source of infection for all viral diseases in sugarcane is occurred through virus- infected planting materials. In the nature, SCBV, SCMV, SCSMV, and SCYLV are primarily transmitted by various aphid vectors and other plant-hosts. However, the spread of SCBV is occurred by some mealybug species e.g.  Saccharicoccus sacchari and Dysmicoccus boninsis [25]. Like as, SCMV is known to spread by various aphid species, such as Aphis gossypii, Longiunguis sacchari, Myzus persicae, and Rhopalosiphum maidis [26,27]. SCSMV is primarily transmitted by aphids (Melanaphis sacchari), lacewings (Tingidae spp.), and plant hoppers, including species such as Eumetopina and Perkinsiella [28,29]. Melanaphis sacchari is known as the major vector of SCYLV, although Rhopalosiphum species was also reported [5,30].
Mixed infections of SCMV, SCSMV, SCBV, and SCYLV have been identified in sugarcane fields across different states in India, such as Uttar Pradesh, Kerala, Tamil Nadu, and Andhra Pradesh (9,10,11). This ongoing threat highlights the immediate need for efficient diagnostic techniques to facilitate early detection and control of viral diseases. However, several diagnostic approaches have been developed to identify sugarcane viruses ranging from enzyme-linked immunosorbent assays (ELISA) to polymerase chain reaction (PCR) and reverse transcription-PCR (RT-PCR). ELISA has been employed for detecting SCMV, SCSMV, SCYLV and SCBV [16,31-33]. PCR and RT-PCR are widely used due to their convenience and cost-effectiveness [34]. Advanced methods such as enzyme-linked immunosorbent assays (ELISA), real-time RT-PCR, and loop-mediated isothermal amplification have been established for the identification of specific viruses including SCMV and SCYLV [12,14,35-39, 53]. Furthermore, multiplex PCR has become an exceptionally effective diagnostic method that can simultaneously detect multiple viruses within one reaction.
This approach not only saves time, efforts, and costs, but also enhances the convenience of viral diagnostics compared to conventional methods [13,40-42]. Based on prior research, multiplex RT-PCR for sugarcane virus detection this study introduces a strategically optimized advanced multiplex RT-PCR/PCR assay capable of simultaneously detecting all three RNA viruses (SCMV, SCSMV and SCYLV) and one DNA Virus (SCBV). This approach exhibits remarkable sensitivity and specificity, allowing for the precise diagnosis of mixed viral infections while considerably decreasing both reagent usage and processing time. The suggested multiplex PCR assay offers a comprehensive, economical, and scalable diagnostic option for the early detection of viruses, thus promoting clean seed production and boosting sugarcane yield. By addressing a significant research gap in virus diagnostics, this study will offer a reliable tool to aid in sustainable sugarcane cultivation and improve agricultural practices worldwide.
2. MATERIALS AND METHODS 
2.1 Symptomatology and Sample Collection
Symptomatic sugarcane leaf samples showing Yellow Leaf Disease (YLD), Mosaic Disease (SMD), Streak Mosaic Disease (SSMD), and Leaf Fleck Disease (LFD), were collected from six varieties (MS 10001, CoM 0265, Co 86032, VSI 8005, PDN 15012, and VSI 18121) at Vasantdada Sugar Institute (VSI) Pune during 2023–2024.
2.2 DNA isolation
Total genomic DNA Isolation was performed using Cetyltri Methyl Ammonium Bromide (CTAB) Method. The leaf sample was ground in liquid nitrogen using a mortar and pestle, and 100 mg of fine powder was transferred into a 2 ml centrifuge tube. Homogenization buffer (0.5 ml) 0.2 ml of 5% SDS 0.2 ml of 10% PVP 0.1 ml of 20% CTAB and β-mercaptoethanol were added and the mixture was incubated at 65°C for 1 hour. It was centrifuged (DLAB D3024R) at 10000 rpm for 10 minutes, and the supernatant was collected. After cooling, an equal volume of PCI buffer was added, and mixed by inverting for 10 minutes and centrifuged at 8000 rpm for 10 minutes. RNase A (10 µl) was added, the pellet was discarded, and the supernatant was transferred to a new tube. An equal volume for overnight incubation was added, and the sample was incubated overnight. It was centrifuged at 13000 rpm for 10 minutes, the supernatant was discarded, and the pellet was washed with 70% ethanol, and centrifuged at 8000 rpm for 5 minutes. The wash step was repeated with absolute ethanol the pellet was air-dried, and the DNA sample was stored at -20°C. DNA quality and quantity were assessed on the A260/A280 ratio using a Nanodrop Spectrophotometer (Denovix DS11) and 0.8% agarose gel electrophoresis (GENEi 20×27).
2.3 PCR amplification of SCBV
The detection of SCBV was conducted using SCBV Forward and Reverse Primer (Table 1). The PCR reaction was carried out in a Thermal Cycler (HIMEDIA Prima-96) with a total volume of 25 µl of master mix, including 3.0 µl of DNA template, 12.0 µl of GT PCR Master Mix (EmeraldAmp, Takara), 1.5 µl each of forward and reverse primers, and 7.0 µl of nuclease-free water. The PCR amplification was followed by a temperature profile for optimal SCBV detection. The reaction starts with an initial denaturation step at 94°C for 5 minutes to ensure complete DNA denaturation. This was followed by 35 cycles of denaturation at 94°C for 1 minute annealing at 52°C for 45 seconds, and extension at 72°C for 1 minute. A final extension step at 72°C for 10 minutes was also provided to complete elongation of amplified products. After the reaction was complete the samples were held at 4°C for preservation until further analysis. Genomic DNA extracted from previously confirmed positive LFD samples was stored at -80°C and used as a positive control. Nuclease-free sterile water was used as a negative control in place of template DNA.
2.4 RNA isolation 	
RNA isolation was performed using the Sigma kit method. About 100 mg sugarcane leaf sample was grounded in liquid nitrogen using a mortar and pestle, the powder was transferred to a pre-chilled 2 ml microcentrifuge tube. The 500 µl of lysis buffer was added to the tube followed by the addition of 10 µl of β-Mercaptoethanol. The mixture was vortexed vigorously and incubated at 56°C for 5 minutes in a water bath. The sample was centrifuged at 10,000 rpm for 3 minutes. Then 1 µl of DNase was added to the lysate and the mixture was incubated for 10 minutes at room temperature with inversion every 3 minutes. The lysate was transferred to a blue column, and centrifuged at 10,000 rpm for 2 minutes. Subsequently, 250 µl of binding solution was added to the filtrate which was then transferred to a red binding column, and centrifuged at 10,000 rpm for 2 minutes. The flow-through was discarded. The column was washed twice with 500 µl of Wash Buffer 1 and twice with 500 µl of Wash Buffer 2 with centrifugation at 10,000 rpm for 1 minute after each wash and discarded of the flow-through. An empty spin was performed at 10,000 rpm for 1 minute. The column was then placed in a fresh 1.5 ml tube, and kept on ice. Next 50 µl of elution buffer was added to the column, and it was incubated on ice for 5 minutes. The sample was centrifuged at 10,000 rpm for 1 minute, and the resulting RNA was immediately used to verify its purity (A260/A280 ~2.0) and integrity using a Nanodrop and 1.0% agarose gel.
2.5 Reverse Transcription PCR (RT-PCR) 
2.5.1 cDNA product synthesis 
The cDNA synthesis for all RNA viruses including SCMV, SCSMV, and SCYLV began by mixing 9 µl of RNA with 1 µl of reverse primer (Table 1), followed by PCR at 65°C for 5 minutes, and a quick transfer to ice for 5–10 minutes. A master mix was prepared comprising 2.5 µl of 10X buffer, 1.5 µl of dNTPs (Takara), 1 µl of reverse primer, 1 µl of reverse transcriptase (SOLIS BIODYNE FIRE Script), and 4 µl of RNase free water for a total volume of 20 µl reaction mixture. The master mix was added to the PCR tube containing RNA and immediately placed in a PCR machine. The cDNA synthesis from the RNA was completed in three steps: annealing at 25°C for 5 minutes, reverse transcription at 42°C for 45 minutes, and enzyme inactivation at 70°C for 15 minutes. 
2.5.2 Multiplex PCR amplification	
For the detection of SCMV, SCSMV and SCYLV a multiplex PCR assay was conducted. The master mix used for the amplification included 5 µl of cDNA (2.5 µl each of SCMV and SCSMV), 12 µl of GT PCR Master Mix (EmeraldAmp, Takara), 1.5 µl each of SCMV forward and reverse primers, 1.5 µl each of SCSMV forward and reverse primers and 2 µl of water making a total volume of 25 µl. The temperature profile for the multiplex PCR  amplification included an initial denaturation at 94°C for 4 minutes, followed by 35 cycles of denaturation at 94°C for 1 minute, annealing at 59°C for 1 minute, and extension at 72°C for 1 minute. The process concluded with a final extension step at 72°C for 10 minutes. 
Although the SCYLV primers were compatible with the multiplex PCR profile, the amplicons for SCYLV and SCSMV differed by only 11 base pairs (bp), posing challenges in distinguishing them during gel electrophoresis. To overcome this band segregation issue, a separate reaction was conducted for SCYLV detection in a different PCR tube while utilizing the same thermal cycler and temperature profile as the multiplex reaction. This reaction followed the same master mix composition, substituting SCMV and SCSMV primers with 1.5 µl each of SCYLV forward and reverse primers to ensure unambiguous identification of SCYLV amplicons. The details of primers used for the analysis are given in Table 1. The cDNA synthesized from previously confirmed positive SMD, SSMD, and YLD symptomatic leaf samples was stored at -80°C and used as a positive control. RNase-free sterile water was used as a negative control in place of template cDNA.
2.6 Agarose gel electrophoresis
Agarose gel electrophoresis was performed to analyze the PCR products. A 1.5% agarose gel was prepared by dissolving 1.5 g of agarose powder in 100 ml 1X TAE (Tris base acetic acid and ethylene diamine tetra acetic acid) buffer heating the mixture until boiling and added 5 µl (5mg/ml) of ethidium bromide after gentle cooling. The gel casting tray and comb were cleaned with 70% ethanol before pouring the gel and fixing the comb to form wells. After solidifying for 30 minutes 15 µl of PCR product was loaded into the wells. Electrophoresis was carried out at 95V until the dye migrated two-thirds of the gel length in 1X TAE buffer.
3. RESULTS AND DISCUSSIONS
Sugarcane samples exhibiting various characteristics disease symptoms were collected for detailed analysis. Symptoms in yellow leaf disease (YLD) samples included yellowing of the leaf midrib progressing towards the lamina. Sugarcane mosaic disease (SMD) samples displayed mosaic mottling on leaf with dark green streaks. Streak mosaic disease (SSMD) samples showed narrow linear chlorotic streaks that often coalesced along with chlorosis. Leaf fleck disease (LFD) was marked by minute translucent chlorotic flecks. For detailed descriptions of visual disease symptoms, refer to (Figure.1; Table 2).
The quantification of genomic DNA, RNA and cDNA for six samples were analyzed using a Nanodrop spectrophotometer and the results are summarized in Supplementary Table 3. The A260/230 and A260/280 ratios confirmed the acceptable purity of most samples, while the concentration values highlighted variability in nucleic acid yield. The integrity of genomic DNA and RNA samples was verified through 0.8% and 1% agarose gel electrophoresis respectively displayed intact amplicons (Figure 2A-B). 
In order to confirm the presence of sugarcane viruses, six sugarcane samples were subjected to PCR assays. Multiplex PCR was employed for the detection of three RNA viruses viz., SCMV, SCSMV, and SCYLV using RT-PCR products. Moreover, SCBV a DNA virus was diagnosed using conventional PCR. The PCR results revealed successful amplification of the amplicons size of ~587 bp for SCBV, ~465 bp for SCMV, ~599 bp for SCSMV, and ~610 bp for SCYLV (Figure 3A-C; Table 2). Among the varieties tested, three (CoM 0265 Co 86032 and VSI 18121) were positive for SCBV and five (MS 10001 CoM 0265 Co 86032 VSI 8005 and VSI 18121) were positive for SCMV. Notably, all six varieties tested were found positive for both SCSMV and SCYLV. 
The current study emphasizes notable progress in the early and simultaneous detection of viral infections in sugarcane, addressing key obstacles in sustainable sugarcane cultivation. Through the application of an optimized multiplex PCR assay, this study successfully detects four major sugarcane viruses including SCBV, SCMV, SCSMV, and SCYLV, all within a single PCR test. These findings from the present investigation highlighted the diverse viral infection profiles among all the sugarcane varieties analyzed. This methodological multiplex PCR assay significantly enhances diagnostic efficiency, conserving resources, time, and labor while addressing the growing demand for robust crop protection measures [12,13,43,44].
As, the SCYLV primers exhibit the same performance in the multiplex PCR, the amplicon sizes differed by just 11 base pairs (bp) in compared to SCSMV. Consequently, it was difficult to differentiate both bands on electrophoresis. To address this issue, a distinct reaction for SCYLV detection was performed utilizing the same thermal cycler and thermal profile as the multiplex assay. This adjustment maintained its versatility and robustness in protocol, while assuring accurate SCYLV detection without compromising the overall assay. Such flexibility in designing protocols is essential in virus diagnostics and it also meets the urgent needs of sustainable sugarcane farming [45,46].
Early detection of sugarcane viruses is essential for minimizing the disease spread during vegetative propagation. Because of viral diseases like SMD, SSMD, YLD, and LFD are of significant economic concern in India [5,13,14,24,47,48]. The mosaic disease incidence in vegetative cuttings propagation, has reached nearly 100% in major sugarcane-growing regions, becomes a threat to sugarcane yield [7,14,49]. The multiplex PCR assay developed in this study allows simultaneous detection of multiple viral pathogens enabling prompt and accurate identification at early infection stages. 
The present study provide a significant solution in tackling the pressing challenges posed by viral diseases in sugarcane cultivation providing an economical and transformative approach to strengthen integrated disease management  strategies and protect the agricultural economy. The ability to detect and mitigate viral infections is crucial for enabling timely interventions reducing the risk of widespread disease transmission and supporting clean seed programs aimed at producing disease-free high quality planting materials and facilitating safe germplasm exchange [16,38,42,50,51].
Sugarcane is vulnerable to infections from both single and mixed viruses, including SCMV, SCSMV, SCYLV, and SCBV, as reported in previous research [9,10-12,14,23,42,50]. It was reported that the co-infection of both SCMV and SCBV leads to severe disease impact and considerably decreases sugar content wherein; SCBV remaining symptomless still cause reduction in yield contributing parameters [52]. Employing multiplex RT-PCR for the simultaneous detection and identification of these viruses in a single reaction greatly streamlines the diagnostic process by reducing time labor and costs [35,39-41]. While this assay aids epidemiological studies and enhances understanding of the impact of co-infections on sugarcane health it should be applied with caution in quarantine and seed certification programs as rare instances may occur where one of the viruses remains undetected despite its presence [39].
The multiplex PCR optimization for detecting sugarcane viruses signifies a significant advancement in molecular diagnostics. By optimizing the concentrations of primers, annealing temperatures, and master reaction, the assay demonstrates high sensitivity and specificity for targeted virus. The effective amplification of variable amplicons of approximately 587 bp for SCBV, 465 bp for SCMV, around 599 bp for SCSMV, and approximately 610 bp for SCYLV confirms the reliability of this diagnostic method [11,36-38]. RT-PCR and PCR analysis in previous studies identified mixed infections of all four viruses (SCMV, SCSMV, SCBV and SCYLV) in symptomatic and asymptomatic varieties across several states in India [6,11]. Moreover, the integration of three RNA viruses (SCMV, SCSMV and SCYLV) into a single RT-PCR reaction underscores the assay’s efficiency reducing reagent consumption and analysis time. This study overcomes the drawbacks of conventional single-virus detection method, establishing multiplex PCR as a very economical and robust tool for extensive sample diagnostics. The comprehensive and accurate detection efficiency this assay offers a strong foundation for managing viral diseases in sugarcane. Its application into routine diagnostic practices enables quick screening of planting materials, ensuring that virus-free plants are distributed. Furthermore, the assay's flexibility for various sugarcane cultivation regions highlights its potential as a universal diagnostic method. This work also points out the widespread occurrence of mixed infections with SCBV, SCMV, SCSMV, and SCYLV in India, emphasizing the immediate need for integrated pest management (IPM) strategies to minimize their impact.
4. CONCLUSION
This study introduces a strategic approach for the simultaneous diagnosis of four major sugarcane viruses of sugarcane, demonstrating the effectiveness of an optimized multiplex PCR assay. By combining high specificity, sensitivity, and efficiency, this diagnostic tool sets a new standard for the early detection and thorough management of viral diseases in sugarcane. The assay supports clean seed initiatives by enabling the early disease diagnosis of major viral pathogens. Thus producing disease-free quality planting materials, and enhances sugarcane productivity, and promotes sustainable agriculture on a global scale. Future studies might concentrate on integrating real-time multiplex PCR for quantifying viral loads, offering more profound insights into disease dynamics. Moreover, portable diagnostic kits utilizing multiplex PCR technology could be developed for on-site virus detection, further improving the efficiency and effectiveness of sugarcane disease management strategies.
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Fig. 1. Symptoms of Leaf fleck disease (LFD), Mosaic disease (SMD), Streak Mosaic Disease (SSMD), and Yellow leaf disease (YLD) in the sugarcane varieties viz., Co86032 (A), CoM 0265 (B), VSI 8005(C), and PDN 15012, respectively. 
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Fig. 2. (A) Total genomic DNA isolation of the six sugarcane samples (Lane 1-6) were assessed on 0.8% agarose gel electrophoresis, (B) 1% agarose gel electrophoresis of the total genomic RNA isolated from six sugarcane samples in (Lane 1 -6); L= 100 bp DNA ladder.
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Fig. 3. 1.5% Agarose gel electrophoresis of PCR amplification (A) Amplification of SCBV, showing ∼587 bp amplicons in different sugarcane samples. Lanes: 1 – MS 10001, 2 – CoM 0265, 3 – Co 86032, 4 – VSI 8005, 5 – PDN 15012, 6 – VSI 18121. (B) Amplification of SCMV and SCSMV, showing ∼465 bp and ∼599 bp size of amplicons, respectively. Lanes: 1 – CoM 0265, 2 – Co 86032, 3 – VSI 8005, 4 – PDN 15012, 5 – VSI 18121, 6 – MS 10001. (C) Amplification of SCYLV, showing ∼587 bp amplicons. Lanes: 1 – MS 10001, 2 – CoM 0265, 3 – Co 86032, 4 – VSI 8005, 5 – PDN 15012, 6 – VSI 18121. L = 100 bp DNA ladder, P = positive control, N = negative DNA control.









Tables
Table 1. List of primers used for SCBV, SCMV, SCSMV, and SCYLV detection
	Sr
No.
	Virus
	Target
Region
	Synthetic Oligonucleotide Primer
(5'–3')
	Region
	Reference

	1. 
	SCBV
	SCBVF
	ATTGGAAGTAAAAAGAGTGGAT   
	RT-RNase H

	Designed at Referral center (Virus Indexing), IARI, Delhi

	2. 
	
	SCBVR
	TGTCTRACTCCTTGTTGTA
	
	

	3. 
	SCMV
	SCMVF
	AGAGGAGTTTGATAGGTGGTA
	Coat Protein

	

	4. 
	
	SCMVR
	GTCTCGCCGACATTTCCGTA
	
	

	5. 
	SCSMV
	SCSMVF
	CATATGAAGCAGATGATGAGGTACACA
	Coat Protein

	

	6. 
	
	SCSMVR
	GAGCTCCTACGCAGGTCCGTGTCC T
	
	

	7. 
	SCYLV
	SCYLVF
	ATGAATACGGGCGTAACCGYYCAC
	Coat Protein

	Singh et al. 2009

	
	
	SCYLVR
	GTGTTGGGGRAGCGTCGCYTACC
	
	




Table 2. Symptoms of sugarcane yellow leaf disease (YLD), mosaic disease (SMD), streak mosaic disease (SSMD), and leaf fleck disease (LFD) along with their corresponding RT-PCR/PCR results in different sugarcane varieties.
	Disease symptoms and key effects
	                      PCR results

	Sr. No
	Disease Name
	Symptoms and Key Effects
	Disease Impacts
	Variety
	PCR
	             RT-PCR

	
	
	
	
	
	SCBV
	SCMV
	SCSMV
	SCYLV

	1
	LFD
	Disease progresses from small, isolated Irregular chlorotic flecks/spots to dense clusters, with yellow or reddish discoloration spreading across the leaf. Tissue necrosis, laminar drying and leaf death may see in disease severity.
	Reduced photosynthesis, leaf curling, and mild stunting and reduced yield in severe disease case.
	 MS 10001
	-ve
	-ve
	+ve
	+ve

	
	
	
	
	CoM 0265
	+ve
	+ve
	+ve
	+ve

	2
	SMD
	Mosaic patterns of light green and yellow spots on leaves, distorted or wrinkled leaves, chlorotic streaks, necrosis crinkled leaf edges in severe infections.
	Weakened plant, lead to more susceptible to other secondary infections.
	Co 86032
	+ve
	+ve
	+ve
	+ve

	3
	SSMD
	Numerous size of narrow chlorotic streaks parallel to leaf veins, reduced leaf size, leaf curling, and narrower leaves.
	Significant stunting in plant growth, reduced photosynthesis, thinning of canes, and poor ratoon.
	VSI 8005
	-ve
	+ve
	+ve
	+ve

	4
	YLD
	Mild to prominent yellowing of leaf mid-rib, extending towards the lamina, leaf-tip necrosis started from tip towards the base in older leaves.
	Stunted growth, Crown Bunching, poor tillering, and reduced sucrose content. Eventually drying of older leaves, reduced chlorophyll, cane size and productivity.
	 PDN 15012
	-ve
	+ve
	+ve
	+ve

	
	
	
	
	VSI 18121
	+ve
	+ve
	+ve
	+ve


Note: "+ve" indicates PCR-positive samples, and "−ve" indicates PCR-negative sample
Supplementary Table 1. Quantification of genomic DNA, RNA and cDNA in Nanodrop Spectrophotometer
	Sr. No.
	Sample
	A260/230
	A260/280
	Concentration (ng/µl)

	
	
	DNA
	RNA
	cDNA
	DNA
	RNA
	cDNA
	DNA
	RNA
	cDNA

	1
	MS 10001
	2.11
	2.28
	1.74
	1.87
	2.15
	1.8
	210.775
	673.09
	1259.643

	2
	CoM 0265
	2.26
	2.06
	1.72
	1.95
	2.13
	1.82
	208.958
	248.986
	857.693

	3
	Co 86032
	2.26
	2.25
	1.72
	1.88
	2.15
	1.82
	386.917
	450.784
	939.208

	4
	VSI 8005
	2.12
	2.35
	1.68
	1.79
	2.13
	1.79
	122.426
	618.161
	958.623

	5
	PDN 15012
	1.62
	2.12
	1.71
	1.76
	2.08
	1.89
	158.244
	230.296
	503.381

	6
	VSI 18121
	1.98
	2.12
	1.78
	1.85
	2.11
	1.85
	135.85
	312.641
	926.789
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