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Background: Cotton leafroll dwarf virus (CLRDV), a member of the Polerovirus 
genus, is an emerging pathogen that threatens global cotton (Gossypium 
hirsutum) production. Since its �rst detection in Alabama in 2017, CLRDV has 
spread rapidly to several states of the United States of America, including Texas. 

Methods: In 2024, symptomatic cotton plants were collected from Brown�eld, 
Texas. Total RNA was extracted, and RT-PCR was performed to amplify the viral 
genome and sequenced. The complete sequence (5,838 bp) was obtained and 
compared with existing CLRDV genomes from the U.S. 

Results: The Brown�eld isolate displayed typical CLRDV genome features but 
also showed genetic differences compared to isolates from neighboring regions. 
Phylogenetic analysis indicated regional diversi�cation, possibly due to 
environmental pressures or host cultivar variability. 

Conclusion: This study highlights the presence and evolution of CLRDV in Texas 
and neighboring states. Ongoing surveillance and development of resistant 
cotton cultivars are essential to mitigate yield losses. 
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1 Introduction 

Cotton (Gossypium hirsutum L.) stands as one of the world’s most valuable �ber crops, 
grown in over 80 countries and serving as a cornerstone of the global textile industry (1). 
During the 2023–2024 season, worldwide cotton production exceeded 24.67 million metric 
tons, equivalent to 113.29 million bales (1 bale = 480 pounds) (2). The United States plays a 
signi�cant role in global production, ranking fourth with approximately 14.41 million 
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bales, around 12% of the global total, and contributing nearly $6.62 
billion to the national economy by cotton export (3). Within the 
U.S., Texas dominates national production with approximately 3.2 
million hectares under cultivation, followed by Georgia, Arkansas, 
Mississippi, North Carolina, and Alabama. Cotton cultivation in the 
U.S. faces persistent threats from a range of biotic stresses, including 
pests and pathogenic organisms such as bacteria, fungi, nematodes, 
and viruses. In 2023, biotic stresses alone contributed to a 7.4% 
reduction in yield nationwide, resulting in an estimated loss of 
approximately 1.4 million bales (4). Although viral diseases 
currently contribute minimally to an overall yield loss of about 
2,994 bales, the increasing spread of viruses such as cotton leafroll 
dwarf virus (CLRDV) raises concern for future outbreaks and 
economic consequences (4). 

CLRDV, a member of the Polerovirus genus within the 
Solemoviridae family, was initially identi�ed in Africa in 1949 
and has since been reported in parts of Asia and South America 
(5). The virus was �rst detected in the U.S. in 2017 in Alabama (6) 
and has now been con�rmed in at least 14 cotton-growing states, 
including Georgia, Mississippi, and Texas (7). Its prevalence is 
variable, with incidence rates ranging from below 1% to over 20%, 
depending on the region (5, 8–14). The �rst genomic insights of 
CLRDV in the U.S. emerged from partial sequences obtained in 
Alabama by Avelar, et al. (6), followed by a complete genome 
sequence from a Georgia isolate by Tabassum, et al. (13). Cotton 
leafroll dwarf virus (CLRDV) poses a growing challenge to cotton 
production across the U.S., yet critical gaps remain in our 
understanding of its genetic landscape. Although its incidence 
has increased in recent years, there is a need for more sequenced 
genome data to identify genetic variation and population structure 
of CLRDV strains affecting U.S. cotton �elds. Moreover, 
uncovering new viral isolates and obtaining their full-length 
genome sequences are essential steps toward understanding how 
the virus evolves, adapts, and spreads. Such insights are not only 
vital for accurate diagnostics and targeted disease management 
but also for guiding resistance breeding efforts aimed at 
safeguarding cotton crops against emerging viral threats. 

Building on this foundation, the present study aims to detect 
new CLRDV isolates and obtain their full-length sequence from the 
Brown�eld, Texas samples. To achieve these objectives, 
symptomatic cotton leaf samples were systematically collected 
from commercial �elds and subjected to ampli�cation of the full-
length sequence. Further, the comparative analyses with previously 
reported CLRDV sequences enabled the identi�cation of nucleotide 
variations and phylogenetic relationships among isolates. These 
approaches collectively contribute to a more comprehensive 
understanding of CLRDV evolution and distribution in a major 
cotton-producing region of the southern United States. Our 
�ndings enhance the current understanding of CLRDV genetic 
diversity and provide valuable aid to support the development of 
effective monitoring strategies and the breeding of resistant 
cotton cultivars. 
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2 Materials and methods 

2.1 Sample collection 

During the 2024 growing season, leaf and petiole samples were 
collected from a commercial �eld located at Brown�eld, Texas. The 
samples collected from cotton plants exhibiting symptoms indicative 
of CLRDV infection (5) which ranged from mild chlorosis to severe 
stunting and leaf curling (Figures 1A-F). To preserve RNA integrity, 
samples were �ash-frozen in liquid nitrogen immediately after 
collection and stored at -80°C until further processing. 
2.2 RNA extraction and reverse 
transcription-PCR 

Total RNA was isolated from symptomatic leaf and petiole tissue 
using the Spectrum™ Plant Total RNA Kit (Sigma-Aldrich, St. Louis, 
MO, USA), following the manufacturer’s instructions. To eliminate 
potential genomic DNA contamination, the RNA was treated with 
RNase-free DNase I (Qiagen, USA). Complementary DNA (cDNA) 
was synthesized using the GoScript™ Reverse Transcriptase cDNA 
Synthesis Kit (Promega, USA) and a gene-speci�c reverse primer 
(Table 1). The reverse transcription protocol involved the 
denaturation of RNA and gene-speci�c reverse primer at 70°C for 5 
minutes, followed by the immediate addition of the RT master mix and 
incubation at 42°C for 90 minutes to ensure optimal primer annealing 
and cDNA synthesis. PCR ampli�cation was conducted using primer 
pairs JL0067-JL0068 and JL0063-JL0068, targeting conserved regions of 
the viral movement and coat protein genes for diagnostic detection of 
CLRDV (13, 15). To amplify a longer genomic fragment spanning 
partial ORF1 and ORF3 regions (~2132 nt), the JL0100-JL0068 primer 
pair was employed. Amplicons were sequenced using Oxford 
Nanopore sequencing, which was carried out by Plasmidsaurus 
(https://plasmidsaurus.com/). The resulting sequences were aligned 
using NCBI’s BLASTn tool and BioEdit (16). 
2.3 Full-length sequence ampli�cation and 
sequencing 

Further, for the full-length CLRDV sequence ampli�cation, a 
strategic primer design approach was implemented based on 
multiple sequence alignment (MSA). Coding sequences from 
closely related CLRDV strains were retrieved from the NCBI 
Virus database based on the alignment with an ampli�ed 2.1 kb 
partial fragment. These sequences were aligned using ClustalW with 
default settings to identify conserved regions, particularly at the 5� 
and 3� termini of the target open reading frame (17). Regions with 
�90% conservation were selected as candidate primer binding sites. 
SnapGene version 8.0.3 was used to design 4 pairs of primer sets 
within these regions. These primers were used to amplify the full-
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length CLRDV sequence in 4 overlapping fragments using RT-PCR 
reaction using Phusion High-Fidelity DNA Polymerase (Thermo 
Scienti�c, USA), and PCR products were sequenced at 
Plasmidsaurus (https://plasmidsaurus.com/) using  the Oxford
nanopore technique. All four fragments were assembled after 
removing the overlapped region to get the full-length sequence. 
Viral coding regions were predicted using SnapGene’s import
feature function (SnapGene Version 8.0.3) from the annotation 
GFF3 �le of the closest aligned sequences. 
2.4 Sequence alignment and phylogenetic 
analysis 

Phylogenetic relationships of ampli�ed sequence in this study 
(accession number: PV548928) and existing full-length CLRDV 
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sequences retrieved from the NCBI Virus database (https:// 
www.ncbi.nlm.nih.gov/labs/virus/vssi/#/virus?SeqType_s= 
Nucleotide&VirusLineage_ss=Cotton%20leafroll%20dwarf% 
20virus,%20taxid:312295) were analyzed using the phangorn R 
package (18) after the multiple sequence alignment with the msa 
package (19). Sequences were aligned using the ClustalW algorithm 
with default substitution parameters (20). The aligned sequences 
were converted into phyDat format for phylogenetic inference. 
Model selection was performed using the modelTest function in 
the phangorn R package, and the best-�t evolutionary model 
(TIM2e+G(4)+I) was selected based on the Akaike Information 
Criterion (AIC) and Bayesian Information Criterion (BIC) (18). A 
maximum likelihood (ML) tree was inferred using the pml_bb 
function under the selected model. Node support was assessed via 
1000 bootstrap replicates using the bootstrap.pml function with 
nearest-neighbor interchange (NNI) optimization. The resulting 
FIGURE 1 

Identi�cation and molecular con�rmation of cotton leafroll dwarf virus (CLRDV) in symptomatic cotton plants from Brown�eld, Texas. (A–F) Cotton 
plants showed characteristic symptoms of CLRDV infection: (A) leaf rolling and cupping, (B) reddening of stems and petioles, (C) interveinal chlorosis 
and vein yellowing, and (D–F) stunted growth with shortened internodes. (G) RT-PCR detection of CLRDV using speci�c primer sets: lane M, 1 kb 
Plus DNA ladder; lane 1, 312 bp amplicon with primers JL0067/JL0068; lane 3, 432 bp amplicon with primers JL0063/JL0068; lane 5, 2,173 bp 
amplicon with primers JL0100/JL0068. Lanes 2, 4, and 6 represent corresponding no-template controls. (H) An annotated full-length CLRDV 
genome map generated using SnapGene software (version 8.0.3). 
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