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Introduction

Trigonella is a genus of plants from the family Fabaceae. 
Members of the genus grow in the Canary Islands, south‑
ern Europe, non‑tropical Africa, western and central Asia, 
the Indian subcontinent, and Australia. The best-known 
member of the genus is the herb fenugreek (Trigonella foe-
num-graecum L.). Fenugreek (L.) is an annual crop and an 
important spice used for flavoring food. It is widely culti‑
vated and grown in several countries including India, China, 
Nepal, North Africa, Australia, and the USA [1]. Fenugreek 
seeds and leaves are used in traditional medicines, cuisines, 
cosmetics, and also as a dietary supplement. The medici‑
nal crop is used for the treatment of diabetes, arthritis, hair 
growth issues, hypothyroidism, hyperlipidemia, and infer‑
tility [2].

The incidence of a yellow vein disease in cultivated fenu‑
greek was recorded in a few pockets of Jodhpur (Rajasthan, 
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Abstract
Background  Fenugreek (Trigonella foenum-graecum L.) is an annual medicinal and spice crop belonging to the family 
Fabaceae. The occurrence of a yellow vein disease was recorded in fenugreek in Jodhpur (India) in 2022. The infection of 
begomoviruses in legume crops results in significant yield loss and major economic loss. The current study reports an asso‑
ciation of a novel begomovirus species associated with yellow vein disease in Fenugreek.
Methods and results  In symptomatic fenugreek plants, geminivirus-like particles were visible under a transmission electron 
microscope. Further, nucleotide sequence analysis of the rolling circle amplified product revealed 2743 nucleotide DNA-A 
genome with close relatedness to French bean leaf curl virus (88.21%) and Senna leaf curl virus (87.63%). It was proposed 
as a new begomovirus species, Fenugreek yellow vein Rajasthan virus. The genome organization suggested the presence 
of a typical nonanucleotide sequence along with 7 ORFs in DNA-A. A possible recombination event took place in the coat 
protein (V1) region with Pedilanthus leaf curl virus and Chilli leaf curl virus as major and minor parents. The recombinant 
virus poses possible threats to several other legume crops. To the best of our knowledge, this is the first report of the associa‑
tion of FeYVRaV with fenugreek yellow vein disease from northwestern India.
Conclusions  In conclusion, the presence of a novel begomovirus species associated with yellow vein disease in fenugreek is 
alarming and needs further studies on its infectivity to prevent its spread to legume crops.
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India) in 2022. Infection of begomoviruses that causes vein 
yellowing, vein thickening, yellow leaves, mosaic, and 
stunted growth is common in legume crops. Begomoviruses 
belong to the genera Begomovirus, family Geminiviridae, 
and are transmitted by whitefly (Bemisia tabaci, Hemiptera: 
Aleyrodidae). The family Geminiviridae is classified into 
fourteen distinct genera and comprises 520 species world‑
wide [3]. Geminiviruses are small (2.5 to 5.2 kb in size), 
circular, non-enveloped, and single-stranded DNA (ssDNA) 
plant viruses. Begomovirus is the largest genus under 
Geminiviridae and includes viruses with either a single 
(monopartite genome: DNA-A) or two (bipartite genome: 
DNA-A and DNA-B) DNA components [4, 5]. The DNA-A 
virion-sense strand encodes the coat (CP) and pre-coat (pre‑
coat) proteins, whereas the complementary-sense strand 
encodes the replication-associated protein (Rep), transcrip‑
tional activator protein (TrAP), replication enhancer pro‑
tein (REn), and C4 protein in general [4]. DNA-B encodes 
a nuclear shuttle protein (NSP) on the virion-sense strand 
and a movement protein (MP) on the complementary-sense 
strand. The association of a begomovirus molecule caus‑
ing leaf curl disease in fenugreek (T. corniculata) in India 
was detected by PCR using degenerate geminivirus prim‑
ers and by Southern hybridization with a probe specific to 
tomato leaf curl begomovirus [6]. Infection of Pedilanthus 
leaf curl virus (PeLCV, MH550115), Ageratum enation 
virus (AEV), tomato leaf curl Kerala virus (ToLCKeV), and 
DNA-B molecule of tomato leaf curl New Delhi virus (ToL‑
CNDV) along with Ageratum yellow leaf curl betasatellite 
in fenugreek was reported earlier [7]. The present study 
suggests the association of a novel begomovirus species 
with yellow vein disease in cultivated fenugreek in north‑
ern India. The phylogenetic relatedness and recombination 
analyses suggest its close relatedness with French bean leaf 
curl virus (FbLCV) and Senna leaf curl virus (SenLCuV) 
and is proposed as a novel begomovirus species. Further, 
we also found the recombinational event in the genome. It 
might pose a potential threat to fenugreek and economically 
important crops under favorable conditions.

Materials and methods

Sample collection

Yellowing of veins, yellow leaves, and stunting symptoms 
were recorded in fenugreek (T. foenum-graecum, var. AFg-
3) plants. The symptomatic samples were collected in Janu‑
ary 2022 from the experimental fields of ICAR-Central 
Arid Zone Research Institute (CAZRI), Jodhpur (Rajasthan, 
India). The incidence and symptoms of the disease were 
recorded. A quadrat of one square meter was selected 10 

times randomly in the field. The number of symptomatic 
plants out of the total plants in each quadrat was counted to 
record the percent incidence. The whole plant samples were 
collected in perforated plastic bags and carried to the labora‑
tory at ICAR-Indian Agricultural Research Institute (IARI), 
New Delhi (India). The samples were cleaned with distilled 
water and stored at -80 °C for further processing.

Transmission electron microscopy (TEM)

One mm length of symptomatic leaf sample was ground in 
phosphate buffer (pH 6.5). A drop (3–5 µl) of the extract 
was adsorbed on the carbon-coated copper grid and washed 
with double distilled water. The excess extract was manu‑
ally blotted off the grid using blotting paper. Immediately 
after blotting the sample, 2% uranyl acetate was added to 
the grid and excess fluid was drained. The prepared sample 
grid was examined under the Transmission Electron Micro‑
scope (TEM, JEOL-JEM-1011, Japan) at different magnifi‑
cations for the presence of virus-like particles [8].

DNA extraction and rolling circle amplification (RCA)

Based on the visualization of geminate virus-like particles in 
TEM, total genomic DNA (gDNA) was extracted from the 
leaf samples using a modified CTAB method [9, 10]. The 
isolated gDNA purity and yield were checked in a spectro‑
photometer (NanoDrop™ 2000, Thermo Fisher Scientific, 
USA). The isolated gDNA was subjected to rolling circle 
amplification (RCA). A 20 µl of RCA reaction comprised 
7U of φ29 DNA polymerase (Thermo Fisher Scientific), 
1X random hexamer primer (Thermo Fisher Scientific), 
1X reaction buffer, and 0.4U of pyrophosphatase (Thermo 
Fisher Scientific) [11].

Viral genome amplification by PCR and cloning

The enriched viral concatamers were used for PCR ampli‑
fication of the begomovirus molecules. The degenerate 
universal primer pair, Begomo F (5ʹ-ACGCGTGCCGTG
CTGCTGCCCCCATTGTCC-3ʹ) and Begomo R (5ʹ-ACG
CGTATGGGCTGYCGAAGTTSAGAC-3ʹ) [12] was used 
for the amplification of DNA-A in PCR. Degenerate uni‑
versal primers PBL1v2040/PCRc1 were used for amplifica‑
tion of DNA-B and universal primer pairs beta 01/02 and 
CLB36F/38R were used to amplify betasatellite in PCR 
[13, 14]. The PCR was performed in a final volume of 25 µl 
containing 1X Phusion HF Buffer, 0.2mM dNTPs (Thermo 
Fisher Scientific), 0.4µM of each forward and reverse 
primer (GCC Biotech, India), 1U of Phusion™ high-fidelity 
DNA polymerase (Thermo Fisher Scientific) and ~ 100 ng 
of template DNA. The thermal cycling was performed in a 
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T100 Thermal Cycler (Bio-Rad, USA) with initial denatur‑
ation at 98 °C for 3 min followed by 28 cycles of denatur‑
ation at 98 °C for 45 s, annealing at 58 °C for 90 s, extension 
at 72 °C for 1 min and final extension at 72 °C for 10 min 
[11]. The amplified product was resolved on 1% agarose gel 
and visualized in a gel documentation system (MaestroGen 
Inc, Taiwan) with a 1 kb plus DNA ladder (Thermo Fisher 
Scientific). The amplified PCR products were purified using 
the GSure Gel Extraction kit (GCC Biotech) and ligated into 
the pJET1.2/blunt cloning vector (Thermo Fisher Scientific) 
using T4 DNA Ligase (Thermo Fisher Scientific) at 4  °C 
overnight and used further for the transformation in E. coli 
strain DH5-α competent cells. Randomly selected trans‑
formed colonies were allowed to grow in a liquid Luria-
Bertani (LB) medium supplemented with ampicillin (50 
ug/ml). The bacterial plasmid DNA was isolated using the 
alkaline-lysis method [15].

Sequence analysis and genome map

Three representative clones of the begomovirus compo‑
nent were sequenced bi-directionally at the DNA Sequenc‑
ing Facility, University of Delhi South Campus, India. The 
obtained sequences were manually checked and assembled 
to construct the full genome of DNA-A. The reconstructed 
virus sequence was analyzed for coding regions using the 
NCBI ORF finder (https://www.ncbi.nlm.nih.gov/orf‑
finder/). The DNA sequence was further examined using 
NCBI nucleotide BLAST (blastn) to find out the closest 
homology sequences. A pairwise sequence alignment was 
performed using the Multiple Sequence Comparison by 
Log-Expectation algorithm (MUSCLE) program in Molec‑
ular Evolutionary Genetics Analysis (MEGA-X) tool [16]. 
The full-length genome map of the cloned DNA-A was gen‑
erated through the Artemis DNA plotter (http://www.sanger.
ac.uk/Software/Artemis) analysis tool V18.1.0 [17]. All the 
ORFs coordinates were manually added to the tool and a 
schematic map was generated.

Phylogenetic tree and percent nucleotide sequence 
identity

Based on homology and previous reports of Begomovirus 
species infecting plants of Fabaceae, Malvaceae, Sola‑
naceae, and some other families, 28 full-length DNA-A 
sequences of representative virus isolates were retrieved 
from the NCBI GenBank (Supplementary Table S1). The 
DNA sequences were analyzed using the MEGA-X tool 
with Neighbor-Joining (NJ) method with 1000 bootstrap 
replicates. Percent nucleotide identity was calculated and a 
three-color coded heat map was generated for DNA-A using 
the Sequence Demarcation Tool (SDT) version 1.2 [18]. A 

sequence of polyprotein gene (Accession no. EF445546) of 
Ranunculus mild mosaic virus (genus Potyvirus) was used 
as an outgroup to construct the phylogenetic tree.

Recombination analysis

All the representative sequences were retrieved from 
NCBI GenBank to analyze the genetic recombination. The 
sequences were aligned first with the MEGA tool. The final 
aligned sequences were analyzed using RDP, GENECONV, 
BootScan, MaxChi, Chimaera, SiScan, and T-3Seq meth‑
ods implemented in Recombination Detection Programme 
(RDP) version 4.97 for the detection of the possible recom‑
bination events [10, 19].

Results

Symptoms and incidence of yellow vein disease in 
fenugreek

The incidence of yellow vein disease in fenugreek was 
observed in January-February, 2022. The diseased plants 
showed strong yellow vein symptoms (Fig.  1). The fenu‑
greek plants at the pre-flowering to flowering stage (45–
51 days) showed initial symptoms on the top and middle 
leaves. At a later stage, the leaves started drying from the 
leaf margin towards the middle vein. The infected plants 
remained stunted and produced fewer seeds. The severe 
infection resulted in drying and drooping of leaves. About 
54 to 68 total plants were grown in each square meter of 
the sampling quadrat. Out of which, up to one plant in each 
quadrat was recorded with the typical symptoms. The dis‑
ease incidence was around 1–2%.

Virus particle structure under TEM

Extract from infected leaf samples was examined under 
TEM. Geminivirus-like twinned incomplete icosahedral 
virion particles were observed under TEM. Two isometric 
structures were fused to form geminate particles. The par‑
ticles were about 34–36  nm in diameter (Supplementary 
Fig. 1a). The presence of geminate particles suggested the 
possible infection of begomovirus in the fenugreek samples.

Amplification of DNA-A and sequencing

The full-length virus genome was amplified by RCA-based 
ssDNA enrichment followed by PCR amplification. The uni‑
versal primer pair for DNA-A (Begomo-F and Begomo-R) 
amplified a ~ 2.8 kb band specific to begomovirus DNA-A 
(Supplementary Fig. 1b). The results suggested the presence 
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Accession No. ON787805. However, no DNA-B or betasat‑
ellite molecules could be detected in multiple attempts 
either by PCR using universal primer pairs PBL1v2040/
PCRc1 (for DNA-B [13]) and beta 01/02; CLB36F/38R (for 
betasatellite [12]) or by restriction digestion of RCA prod‑
ucts using KpnI (for betasatellite), and SalI and BglII (for 
DNA-B).

Genome organization

The full-length DNA-A exhibited seven ORFs (Fig.  2), 
five in the complementary-sense strand (C1, C2, C3, C4, 
and C5) and two in the virion-sense strand (V1, and V2). 
The stem-loop structure contained a typical nonanucleotide 
sequence (TAATATTAC) at the common region (CR). In 
complementary-sense strand, C1 (2594 − 1506 nucleotide), 
C2 (1609 − 1211 nucleotide), C3 (1470 − 1087 nucleotide), 
and C4 (2440 − 2138 nucleotide) encoded replication-asso‑
ciated protein, transcriptional activator protein, replication 
enhancer protein, and silencing suppressor, respectively. The 
presence of C5 (1106 − 600 nucleotide) was also predicted 
in the complementary-sense strand. In the virion-sense 
strand, V1 (294–1070 nucleotide) encoded coat protein, and 
V2 (134–478 nucleotide) encoded pre-coat protein.

Evolutionary relationship of the cloned DNA-A

The begomovirus sequence isolated from T. foenum-grae-
cum showed 88.21% and 87.63% sequence homology to its 
closest relatives FbLCV (Accession no. JQ866297) and Sen‑
LCuV (Accession no. KU852742), respectively. Since the 
International Committee on Taxonomy of Viruses (ICTV) 
describes a < 91% similarity threshold for begomovirus spe‑
cies delimitation [20], the present isolate appeared to be a 
novel begomovirus species, Fenugreek yellow vein Rajast-
han virus. In phylogenetic analysis, fenugreek yellow vein 

of begomovirus molecules in the collected sample. The 
PCR amplified molecules were cloned in pJET1.2/blunt-
ended cloning vector and the restriction digestion with XbaI 
and XhoI further confirmed the size of the insert. Restriction 
digestion suggested the presence of a similar molecule in 
all the amplified samples. The sequences of three randomly 
selected clones showed 100% homology. A consensus 
sequence of the plasmid DNA revealed a 2743 nucleotide-
long DNA-A molecule that was closely related to other 
begomovirus sequences available at NCBI. The nucleotide 
sequence can be retrieved from the NCBI GenBank using 

Fig. 2  Genome organization of the DNA-A component. The scale rep‑
resents the nucleotide position in the genome. C1 (red encodes Rep), 
C2 (blue encodes TrAP), C3 (green encodes REn), C4 (violet encodes 
silencing suppressor), C5 (aqua), V1 (orange encodes coat-protein), 
and V2 (olive encodes pre-coat protein). A yellow circle represents the 
hairpin-like structure at the common region (CRA) of DNA-A.

 

Fig. 1  Field collected samples. The diseased plants showed strong yellow vein symptoms (a-c). The symptomatic plants remained stunted and 
produced fewer seeds. The severe infection resulted in drying and drooping of leaves. (d) Healthy plants
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has been recorded that reduces the seed yield and makes the 
leaves unacceptable to consumers [10]. In the present study, 
an association of a novel begomovirus with yellow vein 
disease of fenugreek was confirmed by TEM, nucleotide 
sequencing, and phylogenetic analyses. Geminate particles 
were visible under TEM indicating possible begomovirus 
infection. A 2743 nucleotide sequence showed homology to 
DNA-A of other begomoviruses. The genome organization 
suggests the presence of a typical nonanucleotide sequence 
along with seven ORFs in DNA-A. The occurrence of a leaf 
curl disease of fenugreek caused by AEV was reported in 
India, Pakistan, and Nepal [23, 24]. Infection of PeLCV 
(Accession no. MH550115) in fenugreek was also reported 
from Pakistan. Association of ToLCKeV, DNA-B molecule 
of ToLCNDV, and a novel betasatellite with severe leaf curl 
disease of fenugreek have been reported recently [7]. How‑
ever, the disease complex and its components were not fully 
understood. In the present study, the DNA-A amplified from 
the symptomatic fenugreek samples shared a maximum 
sequence identity of 88.21% with FbLCV DNA-A followed 
by SenLCuV (87.63%). The study does not overrule the 
coinfection of other begomovirus species and satellite mole‑
cules. The pairwise percent nucleotide identity of DNA-A is 
showing below the ≥ 91% threshold level for begomovirus 
species delimitation as per the ICTV guidelines [3]. There‑
fore, we proposed a new begomovirus species, Fenugreek 
yellow vein Rajasthan virus infecting fenugreek in India. 
Further studies are anticipated to understand its infectivity, 
satellite molecules, transmission biology, host range, and 
epidemiology.

Virus evolution is generally found to be linked with inter- 
and intra-species recombinations. Geminiviruses exhibit a 
complex evolutionary process and they commonly initiate 
genetic recombination to adapt and survive in suitable host 
plants [25]. Our data suggested that FeYVRaV genome 
is recombinant. PeLCV (JQ012790) might act as a major 
and ChiLCV (KX499526) as a minor parent donor for the 
recombinational events. The coat protein (V1) region of 
DNA-A has been identified as the hot spot for recombina‑
tion. Phylogenetic relatedness further revealed the close 
association of FeYVRaV with other begomoviruses isolated 
from legumes such as SenLCuV, and FbLCV. FeYVRaV 
also demonstrated genetic relatedness with CoYV. The 
diverse association of FeYVRaV along with other known 
begomovirus species in the phylogenetic study and possible 
inter- or intra-species recombination events that occurred 
among the DNA-A molecules suggests it might be a poten‑
tial threat to the cultivation of legumes and other crops [26, 
27]. In-depth studies need to be undertaken to understand its 
host range and the likelihood of economic losses in impor‑
tant field crops. The diverse begomovirus species in a com‑
mon host gives a huge scope for virus molecules to evolve 

Rajasthan virus (FeYVRaV) showed close evolutionary 
relatedness with the SenLCuV (Accession no. KU852742) 
which were previously reported to infect Senna occidentalis 
(family Fabaceae) (Fig. 3). FeYVRaV clustered in the same 
clade with SenLCuV, FbLCV, and Corchorus yellow vein 
mosaic virus (CoYV) infecting Malvaceae and Fabaceae 
plants.

To further understand the nucleotide sequence identity, 
a three-color coded matrix of the full-length sequence of 
FeYVRaV along with other begomovirus sequences was 
generated using SDT (Fig.  4a). The results confirmed 
that the DNA-A sequence with 88.21% pairwise identity, 
belonged to a novel begomovirus species. In SDT analysis, 
FeYVRaV exhibited high nucleotide identity with PeLCV 
(MN566097) and FbLCV (JQ866297) infecting Fabaceae 
plants.

Recombination analysis

The DNA-A sequence of FeYVRaV was recombinant and 
possible recombination events took place in the coat pro‑
tein (V1) region. The recombinant analysis revealed that 
PeLCV (Accession no. JQ012790) and ChiLCV (Acces‑
sion no. KX499526) were the major and minor parents of 
FeYVRaV, respectively. The p-value of the analyzed com‑
ponent was 6.656 × 10− 05 with the CHIMERA method in 
the RDP tool, suggesting the recombinant significance of 
the cloned DNA-A component. A pictorial representation 
of the predicted recombination event using RDP has been 
shown in Fig.  4b. The expected breakpoint position lies 
between 613 and 1346 in multiple sequence alignment with 
other begomovirus species. The detailed analyses of recom‑
bination events and phylogenetic relatedness suggested that 
FeYVRaV is a novel virus species and it might have been 
introduced from other cultivated and non-cultivated plants.

Discussion

Fabaceae is the third largest plant family in the world [21] 
that includes legume crops. A wide range of begomovi‑
ruses affects the production and quality of legume crops 
[22]. Infection of AEV, ChiLCV, Dolichos yellow mosaic 
virus (DoYMV), mung bean yellow mosaic virus (MYMV), 
mung bean yellow mosaic India virus (MYMIV), ToL‑
CNDV, FbLCV, SenLCuV, PeLCV, and cotton leaf curl 
Kokhran virus (CLCuKoV) in several legume crops sug‑
gests their susceptibility to begomoviruses. Fenugreek 
is cultivated worldwide as a semiarid crop. Its seeds and 
leaves are used as herbs, spices, and vegetables. India is a 
major producer of fenugreek, and over 80% of India’s out‑
put is from Rajasthan. The incidence of yellow vein disease 
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Fig. 3  Phylogenetic relationships of the cloned DNA-A component 
of Fenugreek yellow vein Rajasthan virus. Begomoviruses associ‑
ated with Fabaceae, Malvaceae, Solanaceae, Apiaceae, and Piperaceae 
plants were retrieved from NCBI GenBank, and the tree was gener‑
ated using the MEGA-X tool with 1000 bootstrap replicates. For each 
sequence, the accession number with the isolates name, country code, 

place of isolation, and year of sequence submitted have been men‑
tioned. Each of the distinct nodes is also represented in a color-coded 
circle. The distance scale bar represents the rate of nucleotide substitu‑
tion/per site/ year. Ranunculus mild mosaic virus (Potyvirus, Acces‑
sion no. EF445546) sequence encoding polyprotein was used as an 
outgroup

 

1 3

9208



Molecular Biology Reports (2023) 50:9203–9211

Fig. 4  (a) Pairwise nucleotide sequence similarity matrix score of 
FeYVRaV. The sequence data were aligned by the MUSCLE program 
using the sequence demarcation tool (SDT) version 1.2. (b) Sche‑
matic representation of recombinational events in DNA-A genome of 
FeYVRaV. PeLCV might act as major and ChiLCV as minor parent 
donors in the recombination. The recombination breakpoint is marked 
by highlighted background. @Recombination breakpoints indicate the 

position in the genome where the recombination event took place. 
*Location of the corresponding recombination breakpoint positions in 
the viral genome. $R-RDP; G-GENCONV; B-BOOTSCAN; M-MAX‑
CHI; C-CHIMERA; S-SISCAN; T-3SEQ are the methods used to 
identify the recombination breakpoints. #The lowest p-value detected 
by the underlined method has been mentioned in the previous column
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