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ABSTRACT

In this study, nodulation capacity and physiological traits were evaluated in
ten chickpea (Cicer arietinum) genotypes following inoculation with
Mesorhizobium ciceri. After comparing traits such as nodule number, nodule
weight, total fresh weight, total dry weight, stem dry weight, root dry weight,
stem length, and root length, two genotypes (Bionij and Pirooz) were selected
for further investigation as the most and least efficient in symbiosis,
respectively. Flavonoids play a crucial role as initial signaling molecules in
the symbiotic interaction between legumes and nitrogen-fixing bacteria.
Subsequently, the quantitative expression of the Isoflavone 4'-O-
methyltransferase gene, involved in the isoflavonoid biosynthesis pathway,
was assessed in the two chickpea genotypes (Bionij and Pirooz) at three time
points post-inoculation (36 hours, 10 days, and 28 days) using Real-Time
PCR. The results indicated a significant upregulation of this gene in both
genotypes, particularly at 36 hours post-inoculation. This increase was more
pronounced in the Bionij genotype. Leaf chlorophyll content and nitrogen
levels in nodules and roots were measured in both treated and control plants.
Data revealed that treated plants exhibited significantly higher levels of
chlorophyll and nitrogen, with Bionij outperforming Pirooz in both
parameters. These findings suggest that higher expression of this gene may
be associated with enhanced nodulation capacity, improved symbiosis, and
increased nitrogen uptake in chickpea.
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Figure 1. Bioinformatic analysis of the Isoflavone 4'-O-methyltransferase (14'OMT) gene and protein in chickpea.
A) Enzyme domains of 14'OMT; B) Conserved motifs of 14'OMT enzyme; C) Gene structure of 14'OMT; D) Chromosomal
location of the 14'OMT gene; E) Predicted three-dimensional structure of the 14'OMT protein.
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Table 3. Physicochemical properties of the Isoflavone 4'-O-methyltransferase (14'OMT) protein in chickpea.

Protein ID GenelD: Gene name

AA length MW(kDa) pl Gravity ¢

XP_004505107 101495151

isoflavone 4'-O-methyltransferase

361 40353.07 5.38 -0.225
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Figure 2. Heatmap representation of various genes expression in chickpea based on RNA-seq data.
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Figure 3. Light microscopy images of cells stained with methyl green. Individual cells containing bacteroids (ba) can be
identified by dark rings within the cells, indicating the accumulation sites of Mesorhizobium ciceri cells.
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Table 4. Mean values of nodule number, nodule weight, total fresh weight, total dry weight, shoot dry weight, root dry
weight, shoot length, and root length in chickpea cultivars inoculated with Mesorhizobium ciceri, with significance at the

1% level (P<0.01).
Nodule Nodule Total Fresh Total Dry Shoot Root weight Shoot Root
Cultivar numberfplant weight Weight (mg Weight (mg weight (mg (mg Length/Plant Length/Plant
(mg FW) FWi/plant) DM/plant) DM/plant) DM/plant) (cm) (cm)
Bionij 120 a 1807.333 a 6170 bc 1402.641 bc 391.333b 937 abc 26 be 29 be
Selg St 105.67 b 1761.352 a 7729 ab 1917.367 ab 847.801 ab 969.617 abc 32a 36a
Mansoor 90c 1354 b 7786.412 ab 2137 ab 823 ab 1241.745 ab 26.974 bc 34.208 a
Saeed 89.65¢ 1361 b 9424.554 a 2735.759 a 1126.931 a 1539.625 a 23cd 36.423 a
ILC 88 cd 1178.667 b 6628 b 1593 bc 598.302 ab 931.377 abc 20 de 32.333ab
Kaka 78 de 1238.325b 8468.876 ab 2278 ab 792.32 ab 1422.441 a 16 f 32ab
Ana 74547 e 888 ¢ 7021 abc 2580 abc 1075.635 a 1417.601 a 21 de 32.036 ab
Goksoo 61f 767.487d 5316 cd 1132.771 cd 373.666 b 707 abc 28.84 ab 34119 a
Arman 42.663 g 639.128 d 3108.697 de 720.143 de 258b 416 bc 17.568 ef 26.096 cd
Pirooz 399 582.393d 2617.221e 665.678 de 370.885 b 258.203 a 15f 21.607d

50 (gline ol e yd S Jlosis] a3 il o S e gy (sl a5 Calisee (cbapd) )3 Cuio o ) bgyye by Ske

Means sharing the same letter for each trait among different cultivars are not significantly different at the 1% probability level.
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Figure 1. Boxplot diagram comparing the mean values of chlorophyll a, chlorophyll b, total chlorophyll, and carotenoid
indices in two chickpea cultivars, Bionij and Pirooz, under Rhizobium treatment, with significance at the 5% probability

level (P<0.05).
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Figure 2. Comparison of the mean percentage of nitrogen in root nodules of two chickpea cultivars (Bionij and Pirooz) under

Rhizobium treatment and control (untreated). Differences between means are significant at the 5% probability level (P<0.05).
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Table 5. Analysis of variance (ANOVA) results for the effects of cultivar, rnizobium treatment, and their interaction on the
percentage of nitrogen in root nodules of two chickpea cultivars.

Source df Type I SS Mean Square F Value P-Value Significance
cultivar 1 7.77630000 7.77630000 399.47 <.0001 ® %
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Treatment 1 48.32053333
cultivar*treatment 1 3.83070000

48.32053333 2482.22 <.0001 #* %
3.83070000 196.78 <.0001 EX

**: indicates significance at the 1% probability level (P <0.01).
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Figure 4. Relative gene expression in root tissues of control and rnizebium-inoculated plants in two chickpea cultivars,
Bionij and Pirooz.
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