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Table 1. Primers sequences used to measure the expression of genes involved in the thymol and carvacrol biosynthesis pathway

) Product size Annealing
Gene Forward primer sequences (5'—3') Reverse primer sequences (5'—3') ,
(bp) temperature ('C)
TVTPS1 (Gamaterpenin) AGGATCCAAAGGCTAGAGGC CACGTCCCCTCTCTTCAGC 733 50
DXR (Methyl erythritol phosphate) GCCTTTTGTCCTTCCTCTTGC TCCGCTCGATGCTTGTCGC 689 56
CYP178 (Thymol) TGGCCTTTGGAAGCGTCG TCAGGCTCATTCCAATAGAGG 674 58
CYP180 (Carvacrol) GGTAAACTGGCGGACTTGGT CGAACGGGATTAACTCGAAA 699 60

Actin (Reference gene) AGCAACTGGGATGATATGGAG CTTGGGGTTAAGAGGAGCC 111 55
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Figure 1. Morphological characteristics of conidia (a, b) and molecular identification (c) of Alternaria brassicicola
fungal isolates from thyme (Thymus vulgaris L.) seed samples (Scale bars=20 pm)
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Table 2. Means comparison of vigor and germination indices in thyme (Thymus vulgaris L.) seed samples

Seedsamples GP (%) DS(%) SD(%) SL(mm) RL(mm) FW() DW () SLVI SWVI
Karaj (1) 8650b°  0.75b  0.50ab 148 b 183D 0221b  0021b  28631b  1.82b
Karaj (2) 96.50 a Oc 0b 163a 192a 0257a  0026a  34256a  25la
Karaj (3) 7325¢  1.75a 1.00a 107 ¢ 149¢ 0.187c  0013c  187.52c  0.95c¢

LSD (0.05) 1.75 0.65 0.92 5.89 4.94 0.003 0.002 8.37 0.15

Abbreviations- GP: germination percentage, DS: percentage of deformed seedlings, SD: percentage of diseased seedlings, SL: plumule length, RL: radicle

length, FW: seedling fresh weight, DW: seedling dry weight, SLV: seedling longitudinal vigor index, and SWVI: seedling weight vigor index.

“In each column, different letters indicate significant differences according to the least significant difference (LSD) test at 5% probability level.
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Table 3. Pathogenicity, aggressiveness, and maximum enzymes activity secreted by different isolates of Alternaria

brassicicola
(Mg.mL1
Isolate Seed Maximum enzyme activity (ug.mL1) Disease index Aggressiveness
code sample Cellulase Xylanase Pectinase Chitinase (%) (hpes)
(72 hpe) (96 hpc) (144 hpo) (72 hpe)
Abl Karaj (3) 169+1.0"a™ 260+35a 3332+x11la 83+03a 62.7+13a 84
Ab2 Karaj (3) 159+15¢c 223x11c 2790+ 06¢ 8.0+03a 355+12¢ 108
Ab3 Karaj (3) 155+0.6d  219+06c 2708 +2.3d 77+03a 247+1.2d 138
Ab4 Karaj (1) 142 +11f 206+0.6 d 2555+3.2f 57+0.3b 127+09f 198
ADb5 Karaj (3) 148+21e 208+ 1.5d 2579+35e 6.3£06Db 182+09e 174
Ab6 Karaj (1) 165+ 0.6 b 250+23hb 3025+1.7b 8.0+006a 50.2+1.3b 126
LSD (0.05) 391 5.9 1.33 2.98 -

Abbreviations- hpc: hours post inoculation, hpes: hours after emergence of seedlings (incidence of disease symptoms according to time).
“Standard error, *"In each column, different letters indicate significant differences according to the least significant difference (LSD) test at 5%

probability level (The experiment was repeated two times with similar results).
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Figure 2. The amount of thymol and carvacrol in seedlings obtained from thyme (Thymus vulgaris L.) seed
samples of Alborz province
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Figure 3. The amount of thymol and carvacrol in seedlings obtained from thyme (Thymus vulgaris L) seed pre-
treatments with different isolates of Alternaria brassicicola
Isolates Abl, Ab2, Ab3, and Ab5 from seed sample of Karaj (3) and isolates Ab4 and Ab6 isolated from seed sample of Karaj (1)
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Figure 4. Expression of TvTPS1 (p-terpinene), DXR (methyl erythritol phosphate), CYP178 (thymol), CYP180
(carvacrol), and actin genes in seedlings obtained from different seed pre-treatments using RT-PCR method (a)

Intensities of the obtained bands (b) was quantified using Image J software.
Isolates Abl, Ab2, Ab3, and Ab5 from seed sample of Karaj (3) and isolates Ab4 and Ab6 isolated from seed sample of Karaj (1) Columns with
different letters indicate significant differences at 5% probability level according to Kruskal-Wallis followed by Mann-Whitney comparison tests.
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Abstract

Thyme (Thymus vulgaris L.) is rich in phenolic monoterpenes such as thymol and carvacrol.
Seed-borne fungi can reduce the quality and quantity of crop and also change the amount and
type of secondary metabolites in plants by affecting seed health. The aim of this study was to
isolate and identify the seed-borne fungi from thyme seed samples and to evaluate the effects of
seeds infection on the production and expression of genes involved in the biosynthesis pathway
of thymol and carvacrol compounds. To identify seed-borne fungi of thyme seed samples
collected from fields of Alborz province, sampling was done according to the criteria of the
International Seed Testing Association (ISTA). The amount of thymol and carvacrol compounds
was measured using high performance liquid chromatography (HPLC) and the expression of
TvTPS1, DXR, CYP178, and CYP180 genes was assayed by reverse transcription polymerase
chain reaction (RT-PCR). Six Alternaria brassicicola isolates were identified based on
morphological and molecular characteristics. Analysis of cell wall degrading enzymes activity
revealed that cellulase and pectinase were more important than xylanase and chitinase on the
pathogenicity and aggressiveness of isolates. Seeds infection by A. brassicicola significantly
affected vigor and seed germination indices. The findings of this study showed that the
pathogenicity and aggressiveness of A. brassicicola fungal isolates can change the expression
level of different genes encoding thymol and carvacrol compounds in seedlings obtained from
seed pretreatments with different isolates through different mechanisms including production of
extracellular enzymes resulted in increasing (isolates Ab4 and Ab5) and/or decreasing (isolates
Abl, Ab6, Ab2, and Ab3) the production and accumulation of phenolic monoterpenes in thyme
seedlings. This is the first report on the identification of seed-borne fungus A. brassicicola from
thyme seed samples in Iran and also the role of seeds infection on the production and expression
of genes involved in the thymol and carvacrol biosynthesis pathway.
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