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Abstract

Wheat streak mosaic virus (WSMYV), a member of the Potyviridae family, is one of the most important
viruses infecting wheat worldwide, including Iran. In this study, LC-qTOF-MS data were used to
investigate the metabolic network of a resistant wheat cultivar (Cross Adl), 24 hours after WSMV
inoculation at both optimal (20 °C) and high (32 °C) temperatures using MetaboAnalyst 6.0 software.
Network parameter measurements revealed distinct systemic metabolic responses in the resistant cultivar
under WSMYV infection at optimal versus high temperatures. At optimal temperature, increased levels of
nucleotides (adenine, guanine) and sphingolipids (sphinganine) were detected, which contribute to antiviral
defense by inducing programmed cell death and promoting ROS accumulation. Conversely, decreased
levels of aromatic amino acids (phenylalanine and tryptophan) were detected, likely indicating a redirection
of carbon sources towards defense pathways. Under high temperatures, levels of compounds such as choline
(a marker of cell membrane damage) and 2-aminobenzoic acid (a viral inhibitor) were reduced, while
amino acids proline (enhancing tolerance to high temperatures) and arginine (strengthening RNA
silencing—based defense and stress-related protein synthesis) showed increased abundance. Our results
indicate that resistance to WSMYV is the outcome of the precise coordination of multidimensional metabolic
networks to respond to simultaneous stresses such as viral infection and high temperature. These findings
pave the way for the development of cultivars with durable resistance to both biotic and abiotic stresses

under climate change conditions.
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23 2-aminobenzoic acid
24 Induced systemic resistance
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Figure 1 - Metabolite interaction analysis. Metabolite- metabolite interaction network in the resistant

cultivar at 20°C (p<0.05, VIP>1 ), showing up-regulated (green) (a) and down-regulated (red)(b) annotated
metabolites. Colored nodes indicate interactive metabolites with biological and functional relationships.
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Figure 2 - Metabolite interaction analysis. Metabolite- metabolite interaction network in the resistant
cultivar at 32°C (p<0.05, VIP>1 ), showing up-regulated (green)(a) and down-regulated (red)(b) annotated
metabolites. Colored nodes indicate interactive metabolites with biological and functional relationships.
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Table 3- Results of interaction analysis of significant metabolites related to the R cultivar infected to WSMV
at 20°C/24 hpi identified with Metaboanalyst 6.0

ol Sy ax 0 Betwenness sl oS o
Number Compound Degree centrality
(Up-regulated Metabolites) Ly iu!38! sl,ls sbd cudgibio
1 Adenine 13 28.3
2 Adenosine 12 25.37
3 Uracil 11 10.11
4 Guanine 10 4.44
5 Uridine 10 4.44
6 Adenosine tri phoshate 8 15.80
7 ADP 8 15.80
8 -8'Methylthioadenosine 6 3.22
9 Carbon dioxide 6 13.57
10 Guanosine 6 0.93
11 Magnesium 6 0.93
12 Cytosine 6 1.66
13 Thymine 6 1.66
(Down-regulated Metabolites) ;Ly Lials sl,ls b coudglio

1 Pyridoxal 25 142.5
2 L-tryptophan 23 91.56
3 L-Leucine 22 72.78
4 L-Phenylalanine 22 71.58
5 L-Tyrosine 17 20.12
6 Phenylpyruvic acid 13 7.08
7 Oxuglutaric acid 6 0.402
8 NADH 6 0.402
9 Oxygene 6 0.402
10 L-Glutamic acid 6 0.402
11 Magnesium 6 0.402
12 L-Alanine 6 0.402
13 Pyruvic acid 6 0.29
14 Glycerol 6 8.30
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Table 2- Results of interaction analysis of significant metabolites related to the R cultivar infected to WSMV
at 32°C/24 hpi identified with Metaboanalyst 6.0

(n0.) o lois (compound) <. 5 (degree) 4>, (betwenness centrality) Jwloy <o 3 50
(Up-regulated Metabolites) oLy is 33! slyls e glio
1 L-Arginine 28 195.34
2 Adenine 26 156.52
3 L-Proline 22 108.063
4 Phenylacetylamide 16 43.69
5 Guanine 13 31.37
(Down-regulated Metabolites) Ly sials iyl sbcu gl

1 L-Phenylalanine 46 692.113
2 L-Leucine 44 595.176
3 L-Tryptophan 44 642.509
4 L-Valine 39 459.915
5 Choline 35 872.808
6 L-Tyrosine 33 291.721
7 Uracil 26 413.370
8 Betaine 26 390.802
9 Phenylpyruvic acid 24 124.534
10 2-Aminobutric acid 24 176.692
11 L-Asparagine 21 76.313
12 5-Methylt 18 221.923
13 Inosine 18 172.951
14 Oxygen 17 270.878
15 NADH 16 174.284
16 Carbon dioxide 16 151.766
17 Adenosine 15 140.112
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