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Abstact
Tomato yellow leaf curl virus (TYLCV; Begomovirus coheni) is one of the most
o destructive plant viruses worldwide, causing severe yield losses in tomato fields. In this

Genetic diversity, Molecular i i ]

Detection, ~ Phylogenetic study, field surveys were conducted in tomato-growing areas of Isfahan, Yazd, and

z‘ﬂfl'{siﬁgmﬁttzfﬁ”ow leaf  \zaramin (central Iran) to detect and investigate the genetic diversity of TYLCV. Leaf
samples showing virus-like symptoms were collected, and total DNA was extracted for
molecular detection. PCR amplification using V1 gene-specific primers resulted in a ~670
bp fragment in 12 suspected samples, of which seven isolates were selected for
sequencing. The obtained sequences were aligned with reference sequences from
GenBank, and phylogenetic analyses were performed using the Neighbor-Joining method
in MEGALL. The results revealed that selected Iranian isolates clustered into two distinct
groups within clade |, along with isolates from other parts of the world. Haplotype network
analysis further supported these groupings. Notably, phylogenetic placement and strain-
level classification of the newly identified isolates showed that all seven Iranian isolates
(PV579121-PV579127) clustered within the TYLCV-OM group, forming a distinct
lineage. This close genetic relationship suggests a common evolutionary origin and

) supports the hypothesis that these isolates belong to a region-specific strain adapted to the

EE\C/?S'ZZ?:H ?uIyNZI?)éS 2025 environmental conditions of central Iran. Genetic diversity analyses revealed significant

Accepted: 27 July 2024 differences among virus populations from the surveyed regions. Furthermore, neutrality

Available  onfine: 21 tests (Tajima’s D, Fu and Li’s D* and F*) and population genetic analyses provided

September 2025 evidence of purifying selection and recent population expansion. One significant
recombination event was also detected using RDP4 software. Selection pressure analysis
using FEL and MEME methods identified several codons under both positive and negative
selection. Collectively, these findings provide a comprehensive picture of the genetic
diversity and evolutionary dynamics of TYLCYV in central Iran and offer valuable insights
for developing effective regional disease management strategies.
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Figure 1. Symptoms of tomato infection by Tomato yellow leaf curl virus (TYLCV). Symptoms include leaf curling,
yellowing, leaf deformation, and reduced internode at the apical parts of the plant.
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Figure 2. Phylogenetic analysis of Tomato yellow leaf curl virus (TYLCV) isolates based on the nucleotide sequence of
the V1 gene. a) Strain classification of the detected isolates was performed by comparing their sequences with known
reference strains using the Maximum Likelihood method and the GTR+G4 model in MEGA11l. b) Phylogenetic
relationships were reconstructed using the Neighbor-Joining method implemented in MEGAL11. Bootstrap values greater
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Figure 3. Splits network analysis based on the V1 gene sequences of Tomato yellow leaf curl virus (TYLCV) isolates
from different geographic regions. Iranian isolates are indicated by red circles. The network was reconstructed using
SplitsTree to investigate the evolutionary relationships and complex genetic structure among the isolate.
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Figure 4. Comparison of nucleotide diversity () and selection pressure (dN/dS) among different clades of Tomato yellow

leaf curl virus (TYLCV).
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of Tomato yellow leaf curl virus.
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Figure 8. Recombinant sequence identification based on various scoring metrics computed in RDP4. The bar chart

presents the average recombinant scores for three sequences (PV579125, LN680830, and NC_000889) across different
detection criteria. Sequences are represented in red, green, and blue, respectively.
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Figure 9. Phylogenetic network analysis of the V1 gene sequences of Tomato yellow leaf curl virus (TYLCV) using
POpART software. The network was reconstructed to visualize genetic relationships and evolutionary patterns among

TYLCV isolates, potentially reflecting population structure and recombination events.
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Table 1. Data on population parameters of different TYLCV populations based on the V1 gene.

Comparisons Ks Kst P-value z* P-value Z* Snn P-value Fst

Clade1(n=28)/clade2(n=2) 29.67 0.31 0.001 4.94 0.000 1.000 0.004 0.642
Cladel(n=28)/Clade3(n=7) 48.937 0.34 0.00 5.18 0.000 0.928  0.0000 0.482
Clade2(n=2)/Clade3(n=7) 131.14 0.13 0.1630™  2.63 0.3200 "™ 0.888  0.066 ™ 0.309
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Table 2. Genetic differentiation estimates for geographical populations of TYLCV V1 gene.

Comparisons b Tajima's D Fu and Li’s D* Fuand Li’s F*

Clade 1 0.04047 -1.30469 -1.67879™ -1.83723"™
P>0.10 P>0.10 P>0.10

Clade 3 0.22463 -0.50114 -0.06209 ™ -0.17846 "
P>0.10 P>0.10 P>0.10
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Table 3. Neutrality tests of TYLCV isolates in different populations based on phylogroups and continents

Population N h Hd S 1 k n das dN [0

Cladel 37 37 1 128 152 25.981 0.04047  0.02723  0.04323  1.587
Clade2 2 2 1 90 90 90.000 0/13997  0.03595  0.16901  4.701
Clade3 7 7 1 282 385 143.762 0.22463  0.12999  0.24950 1.919
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Table 4. Identification of codons under episodic positive selection in the V1 gene of Tomato yellow leaf curl virus
(TYLCV) using MEME analysis. Codons evolving under episodic positive selection were identified based on the

Likelihood Ratio Test (LRT) with p-values < 0.05. The table includes synonymous rate (o), LRT score, p-value, number
of affected branches, and representative codon substitutions.

Likelihood Ratio Number of

Codon (dN/dS) a Test p-value affected Codon changes
branches

22 8.957 3.529 0.0809 1 aaC—aaA, aaC—aaT, aaA—aaT
23 0.000 16.462 0.0001 3 tCG—tTC, Tte—Ate, tTC—tCG
25 0.003 5.546 0.0285 3 Agc—Gge, Ggc—Cgc, gGec—gCc
44 0.001 5.012 0.0375 0 aTG—aGT, GtA—AtG, TCa—GTa
67 0.000 4.595 0.0465 2 aAg—aGg, CGT—>AAG
89 0.000 4974 0.0382 3 aTT—aAG, Att—Gtt, Gtt—Att
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